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PREFACE

Tobacco use remains the leading cause of preventable morbidity and mortality in the
United States. While the adverse health effects of tobacco use are well established in the
scientific literature, an understanding of the science is not required to appreciate the human
cost; every day, people see close friends and family suffer with the consequences of tobacco
use. Every day, cigarette smokers try to quit, and yet, the vast majority of them will fail. An
estimated 70 percent of smokers want to quit completely, and while 45 percent attempt to
quit each year, only 6 percent of smokers are able to successfully quit.

Instead of quitting, many cigarette smokers have sought a product with less risk, and for
decades, the tobacco industry has purposefully misled the public into believing that there
have been safer alternatives. The most prominent example is the “light” cigarette—a product
implied to be safer, which in fact, when used, was as hazardous as “regular” cigarettes. The
prospect of a less hazardous tobacco product is not in and of itself problematic. The
fundamental issue is that if a product is going to be marketed as being “safer,” the claim must
be true.

Section 911 of the Family Smoking Prevention and Tobacco Control Act of 2009
(FSTPCA) directly addresses the problem of false and unfounded claims for modified risk
tobacco products (MRTPs). The law remains open to the possibility that less hazardous
products that reduce harm to public health may enter the market, but it gives the government
the authority and the power to assure that they are actually reducing risk and harm. The law
also directed the U.S. Food and Drug Administration (FDA) to develop, in consultation with
the Institute of Medicine (IOM), regulations and guidance on the design and conduct of
scientific studies of MRTPs, which was the task of the committee.

Regulating tobacco products creates unique challenges. Unlike most products regulated
by the FDA, tobacco is inherently hazardous and offers primarily risks rather than any
significant physiological benefit to the user’s health. Recognizing this, the law provides a
public health standard and additional requirements of these products that must be considered
as the FDA regulates these products. First, the law creates a public health standard that
requires the FDA to evaluate the effect of the MRTP not only on users of the product, but
also nonusers and the entire population as a whole. Second, the law requires postmarket
observational studies of the MRTPs as a condition of approval, and also requires the annual
submission of data about the MRTPs to the FDA. Finally, the law sets expiration dates on the
orders to market the MRTPs. In addition, the FDA can revoke an order for any failure to
comply with regulatory requirements or if there is evidence that the product is in fact harmful
to public health.

The evaluation of the effect of MRTPs on public health will require a wide range of
evidence and therefore will require many different types of study designs, including studies
of the composition of MRTPs and studies of human exposure, human health effects, the
likelihood of addiction and abuse, and the perception and understanding of the product by the
public. Furthermore, the evidence must be able to reliably support predictions about the
effect of marketing the product on public health, and therefore these studies must be properly
designed and rigorously conducted. Study designs will need to include all relevant
populations including populations at a high risk for tobacco use. Study designs must be able
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to not only support inferences about the mechanisms of the products effects, but they must
also be able to support predictions about the products’ effects in the real world.

Also, relevant to the committee's deliberations as it considered the conduct of studies is
the history of the tobacco industry’s past behavior. The tobacco industry has a long and well-
documented history of illegal and improper conduct, and its practices have only recently been
regulated. Because of the health impact of its products and the opaque practices that have
been engaged by the tobacco industry, many academic institutions and their faculty that
would normally be involved in a product’s evaluation have been separated from conducting
research related to tobacco products for many years. Thus, the committee concluded that the
tobacco industry currently lacks not only the trustworthiness, but also lacks the expertise,
infrastructure, and other resources needed to independently produce the scientific evidence
necessary to meet the public health standards set by the law. In the report, the committee
explores the possibility of new governance mechanisms to address this problem, including
the potential creation of a third-party governance entity. The committee does recognize that
there are MRTPs that may not be developed by the tobacco industry and thus believes the
need for third-party governance may not be applicable in all cases.

Overall, the committee’s goal was to develop enduring guidelines and considerations for
the production of credible and comprehensive evidence of the effects of MRTPs. The
committee emphasized that the principle of public disclosure, which adds the sunshine of
openness and transparency, must be applied to the entire process of product development. It
is hoped that this report will provide guidance not only to the FDA but to all stakeholders
(the tobacco industry, academic researchers, and journal editors, etc.) on how the important
work of evaluating these products can move ahead.

This committee has volunteered a great deal of time and energy into completing a
remarkably complex task, and for that I am very appreciative. I thank them for their
collective and individual efforts. I would also like to extend my own and the committee’s
gratitude to Suchitra Krishnan-Sarin, Holly E. Morrell, Gary Stoner, Wendy Theobald, and
Robert B. Wallace for their assistance and expertise as external consultants. On behalf of the
committee, appreciation is also extended to each who provided information, data, or even an
informed opinion at the time of our open sessions or that was received by mail. Finally, the
committee and I would like to thank the IOM staff for their hard work and diligence:
Kathleen Stratton, Joel Wu, Michelle C. Catlin, Erin Rusch, Hannan Braun, Malcolm Biles,
and Rose Marie Martinez.

Jane E. Henney, Chair

Committee on Scientific Standards for Studies on
Modified Risk Tobacco Products
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Summary

Smoking is the leading cause of preventable morbidity and mortality in the United States,
contributing to approximately 443,000 premature deaths each year nationally (CDC, 2008).
Smoking-related disease causes more deaths than alcohol, illicit drug use, homicide, and suicide
combined (Mokdad et al., 2004). Another 8.6 million smokers in the United States live with a
smoking-attributable illness (CDC, 2009a). In total, tobacco-related mortality amounts to
approximately 5.1 million years of potential life lost per year (CDC, 2008). Smoking also
imposes enormous costs on the U.S. health care system and economy, with an estimated $193
billion in losses due to health care costs and productivity losses per year (CDC, 2008).

The current prevalence of cigarette use is 20.6 percent among adults and 19.5 percent in
youth (CDC, 2010, 2011). After substantial declines in adult smoking rates through the 1980s
and 1990s, the rate of U.S. adult smokers has remained relatively static from 20.9 percent in
2004 to 20.6 percent in 2009 (CDC, 2010). Between 1997 and 2003, smoking prevalence among
high school students declined substantially from 36.4 percent to 21.9 percent; this decline slowed
from a 21.9 percent youth smoking rate in 2003 to 19.5 percent in 2009 (CDC, 2011). Of the 46
million adult smokers in the United States, an estimated 70 percent of smokers wish to quit
completely, and approximately 45 percent of smokers attempt to quit each year (CDC, 2002,
2009b). However only approximately 6 percent of the smokers who attempt to quit are
successful for one month or more (HHS, 2000).

THE FAMILY SMOKING PREVENTION AND TOBACCO CONTROL ACT

The Family Smoking Prevention and Tobacco Control Act of 2009 (FSPTCA)' grants the
Food and Drug Administration (FDA) broad authority to regulate the manufacturing,
distribution, and marketing of tobacco products, including “modified risk tobacco products”
(MRTPs). Generally, an MRTP is defined by the law as any tobacco product that is sold or
distributed for use to reduce harm or the risk of tobacco-related disease.

Under the FSPTCA, no MRTP may be marketed without an order for sale from the U.S.
Department of Health and Human Services (HHS). To be marketed, the product must meet one

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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of two public health standards: either (1) an empirically demonstrated Modified Risk claim, or
(2) a Special Rule for Certain Products claim, specifying a reduced-exposure product.

To meet the Modified Risk standard, the applicant must prove with scientific evidence
that the product, as actually used by consumers, will (1) significantly reduce harm and the risk of
tobacco-related disease to individual users, and (2) benefit the health of the population as a
whole, taking into account both users and nonusers of the product.

Under the Special Rule for Certain Products, the Secretary of HHS may issue an order for
the sale of a reduced-exposure product for which there is inadequate long-term epidemiologic
data to support a finding under the Modified Risk standard but where the available evidence
demonstrates that a substantial reduction in morbidity and mortality is “reasonably likely.”

In regards to both standards, the law further specifies that the Secretary should also take
into account how the marketing of the MRTP affects the likelihood of current users continuing
tobacco product use with an MRTP who otherwise would have quit, nonusers initiating tobacco
use with an MRTP, and the risks and benefits compared to other smoking-cessation products.

The concept of harm reduction informs the public health rationale for permitting the
development and potential marketing of modified risk tobacco products. The basic premise of
harm reduction is the continuation of a potentially hazardous or dangerous behavior, with the
aim of decreasing the potentially adverse consequences of these behaviors (Marlatt, 2002). In the
context of tobacco harm reduction, “a product is harm reducing if it lowers total tobacco-related
morbidity and mortality, even though use of that product may involve continued exposure to
tobacco-related toxicants” (IOM, 2001).

Modification of the risk profiles of tobacco products is only one component of a
comprehensive, multifaceted strategy to minimize the negative health effects of tobacco use.
Tobacco harm reduction efforts specifically target users that are unwilling or unable to quit. In
conjunction with tactics to prevent initiation of tobacco use and to promote immediate cessation,
MRTPs with reduced risk profiles may potentially lessen the harm of tobacco for the substantial
portion of U.S. smokers who are unable or unwilling to abstain.

REQUIREMENT FOR REGULATIONS, GUIDANCE, AND CONSULTATION WITH
THE INSTITUTE OF MEDICINE

The FSPTCA requires the FDA to issue guidance or regulation on the scientific evidence
required for the assessment and ongoing review of an MRTP applicant. The law also specifically
requires the FDA to consult with the Institute of Medicine (IOM) in developing guidance and
regulation on the “design and conduct of such studies and surveillance.” Box S-1 provides the
statement of task.

BOX S-1
Statement of Task

The Institute of Medicine will establish a committee of 15 public health and medical experts to
advise the Food and Drug Administration on the minimum standards for scientific studies to support
the marketing of modified risk tobacco products and for postmarket studies of approved products.
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COMMITTEE APPROACH

The IOM convened a multidisciplinary committee of 15 experts with backgrounds in
addiction, cardiology, pulmonology, oncology, epidemiology, study design methodology,
biostatistics, risk perception, adolescent behavior, drug or device regulation and law, population
health, tobacco initiation and cessation, and toxicology. Over the course of 10 months, the
committee held five meetings; extensively reviewed literature; heard representatives from the
tobacco industry, public health advocacy groups, and regulatory agencies; and consulted with
external subject area experts.

To fully grasp the nature of the task, the committee sought guidance not only from the
statement of task, but also from the enabling statutory language of FSPTCA Section 911(1)(2).
While it is essential to address minimum standards for scientific studies, the committee
interpreted the task more broadly than the simple rearticulating of basic scientific principles or
the review of current scientific methods. The committee was particularly wary of making
“perishable” recommendations that may lose relevance as time passes and scientific methods and
technologies evolve. Rather, the committee sought to provide enduring insights into what
constitutes credible and meaningful evidence of the effect of tobacco products on public health.
The committee’s insights can be generally organized into three categories:

1. Types of studies and evidence on MRTPs,
2. Design of studies on MRTPs and decision making, and

3. Governance.
EVIDENCE AND STUDIES

Generally, the evidence to support the marketing approval of an MRTP will come from
three categories: health effects of the MRTP, addictive potential of the MRTP, and perceptions
about the MRTP.

Evidence and Studies of Health Effects

Laboratory analysis of the performance and of the constituents of tobacco products will
be the first step in the evaluation of any new product. These analyses involve standard methods
of extraction, sample clean up, analyte identification, and quantitation. There are important
limitations to laboratory analysis of product performance and composition. First, laboratory
analysis of constituents may not reflect constituent uptake under conditions of use. In particular,
smoking machines do not replicate human smoking conditions. There is currently no proven way
to replicate the many ways humans use tobacco. As such, it is crucial to describe the smoking
regimen or other extraction methods employed. Second, there may be other unidentified
compounds in tobacco that contribute in important ways to adverse health effects. Also,
seemingly innocuous compounds can exacerbate the effects of toxicants.

The second step in the evaluation of an MRTP will be preclinical studies of toxicity.
These assays are essential in identifying particularly risky or toxic products that should not be
tested in humans, and to identify products that have reasonable potential to reduce risk and harm
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and therefore should proceed to clinical evaluation. In vitro assays for cytotoxicity, genotoxicity,
apoptosis and cell proliferation, oxidative stress, inflammation, mucus production, and
endothelial activation are a standard step in evaluations of all combusted and noncombusted
products. Evaluation of products in vitro should precede in vivo assays. Furthermore, assays in
animal models should precede human assays. Although it is not possible to make laboratory
animals use tobacco products the way humans do, and there are inherent interspecies differences
that prevents meaningful extrapolation of human effects, it is still informative to observe the
effect of tobacco products in live animal models. Assays of toxicity in humans will also be
essential, in particular assays of urinary mutagenicity and sister chromatid exchange in
peripheral lymphocytes.

Biomarkers of exposure measure human exposure to constituents of tobacco. Biomarkers
of human exposure to specific constituents of tobacco include the constituents themselves, their
metabolites, or protein- or DNA-binding products of the constituents or their metabolites. These
biomarkers have the potential to bypass many of the uncertainties in product composition
analysis and provide a realistic and direct assessment of carcinogen and toxicant dose in an
individual. The first step in employing biomarkers of exposure is analytical validation. The
second step is validation with respect to product use. Finally, biomarkers can be validated with
respect to disease risk; however, there is no proof that any individual constituent or group of
constituents is responsible for a given disease. For a biomarker of exposure to be accepted as a
biomarker of risk or a surrogate endpoint of disease, there should be a strong biological rational
as well as compelling data from clinical and epidemiologic studies.

Experimental designs, in particular randomized controlled trials (RCTs), provide data that
can support the strong inferences about the effect of an MRTP on human health relative to
conventional tobacco products. The use of appropriately designed clinical trials will be important
to establish whether the use of the MRTP reduces exposure to toxicants or induces positive
changes in surrogate markers as claimed by the manufacturer. An RCT is an effective means of
examining acceptability and use of the MRTP, the ability of the MRTP to increase cessation in
users of conventional tobacco products, and the likelihood that availability of the MRTP will
lead to dual use. RCT methods can also produce evidence on whether and how much individuals
use an MRTP after they have used it to help them quit conventional products, changes in
perception of the MRTP with its continued use, and the MRTP’s ability to suppress tobacco
withdrawal symptoms. It is important to recognize that no single RCT can address all of these
areas, and each study should have a focused objective with a primary endpoint.

Observational epidemiologic studies play a critical and central role in the evaluation of
MRTPs. While they will rarely, if ever, have the compelling scientific credibility of experimental
designs, these methods form the basis for most evaluation studies of regulated products in the
community. Long, intensive, and robust observational studies of actual health outcomes may be
required to fully evaluate the net effects of MRTPs relative to conventional tobacco products.

Prospective cohort studies are obvious candidates for the evaluation of MRTPs, and will
also be an essential tool to validating anticipated or claimed effects of marketed MRTPs on both
individuals and on the public’s health. Cohort studies allow assessment of overall health status
and outcomes, as well as offering the following important strengths:
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e Biochemical tobacco and MRTP exposure assessment can be made at baseline, offering
unbiased exposure assessment before health outcomes occur.

e There is less of a problem with retrospective recall of product use, as this information can
be summarized at the start of the study, and followed prospectively.

e Changing product use habits can be monitored as the study progresses.

e Outcomes can be documented as they occur, and verification becomes more efficient.

A wide variety of outcomes can be evaluated in the same study, including both
intermediate and clinical outcomes. In addition, other epidemiological study designs will be
necessary to evaluate MRTPs and provide evidence on the public health effects of marketed
MRTPs; these include retrospective cohort studies, case-control studies, crossover or case-
crossover designs, and comparative effectiveness research methods. Case-control studies are
commonly used because of their efficiency in assembling study participants, including when the
disease outcomes are not common in general populations (e.g., varying levels of biomarkers).
When the outcomes are short term and/or recurrent (particularly when using intermediate
endpoints), an observational crossover or case-crossover design becomes feasible and
informative. Comparative effectiveness research methods more critically inform health care and
policy decisions, but these methods can also sharpen or extend observational studies comparing
health outcomes associated with use of conventional tobacco products and use of certain MRTPs.
Overall, different study designs will be necessary depending on the circumstances and the
research question.

Evidence and Studies of Addictive Potential

Evaluation of the likelihood of initiation, maintenance, and persistence of use in both
conventional tobacco users and nonusers is critical to estimating the public health effect of
marketing an MRTP. Specifically, evaluation of the MRTP’s ability to promote initiation and
continuation of its regular use, switching to its use and cessation of the consumption of more
harmful products, dual use, and to promote relapse back to more harmful tobacco use are all
essential. All of these outcomes are logically related to the reinforcing value of the MRTP (that
is, how rewarding it is).

There is a continuum of reinforcement value. In theory, the MRTP should be somewhat
more reinforcing than nicotine replacement therapies but perhaps less reinforcing than
conventional cigarettes. Ideally, an MRTP would be sufficiently reinforcing so as to attract
smokers away from conventional cigarettes but not enough to encourage the widespread
dependent use of the product by individuals who were previously nonusers, or who would have
quit smoking.

Evaluation of the abuse and addiction potential of a product can be accomplished with a
variety of experimental designs and in a variety of contexts, including subjective evaluations in
laboratory contexts, acute self-administration studies in laboratory contexts, use in extended
residence facilities, and natural environment contexts where long-term use can be studied in real-
world circumstances via RCTs, cross-sectional survey studies, and longitudinal cohort studies.

Evaluation of reinforcement value in a laboratory setting is particularly important
because the results of these studies reliably correspond to an agent’s addictive potential in real-
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world use. A standard with regards to human abuse liability drug testing are acute dose-effect
comparison studies, because of the correspondence between subjective ratings of drug effects
and real-world abuse potential. Behavioral economic self-administration studies will also be
important in evaluating the reinforcement potency of a product. The usefulness of all studies in
forecasting the risk for initiation and abuse of a product depends on study design factors.
Important design considerations include the size of the sample, the nature of the sample (whether
the sample includes heavy smokers or light smokers, smokers who want to quit, and
nonsmokers), the characterization of the sample (age, sex, gender, ethnicity, educational
attainment, socioeconomic status, etc.), and the nature of the comparison product.

Evidence and Studies of Risk Perception and Communication

Judgments about risk, otherwise known as risk perceptions, are a fundamental element to
most theoretical models of health behavior and behavioral decision making. In general, these
models argue that individuals’ perceptions about the value and likelihood of behavior-related
positive and negative consequences and their vulnerability to those consequences play a key role
in behavioral choices. As such, understanding individuals’ perceptions of tobacco-related
products, including MRTPs, whether such perceptions change over time, and whether such
perceptions play a role in tobacco behavior, is critical. It will be important to identify consumers’
perceptions of disease risk, likelihood of addiction, likelihood of reducing or increasing others’
exposure to potentially hazardous compounds, and perceptions of risk compared to other
products already on the market. It is also important to assess intentions of using the product. It is
essential that the industry carefully crafts messages about risks and benefits of any MRTP and
demonstrates through rigorous testing that people correctly understand and interpret the risks.

Studies evaluating risk perceptions and risk communication should be performed both
before the marketing of an MRTP and after the MRTP has been marketed. Premarket research
will play an essential role in developing the messages the tobacco industry can use to
communicate information about MRTPs to consumers. This research will determine consumers’
ability to accurately understand messages that communicate information about the risks, benefits,
and conditions of using an MRTP compared to existing tobacco products. Studies should also
test how these messages influence consumers’ perceptions of the risks, benefits, and likelihood
of addiction related to an MRTP. The first stage of premarket research will involve formative
work using focus groups. The second stage should include discussions with groups of similar
individuals to assess how the messages that were developed in the first stage are received by
consumers. Finally, the effects of these messages on consumer perceptions should be tested. It
will be important to evaluate consumer understanding and to compare consumer perceptions of
an MRTP to conventional products. After the product is released on the market, it is vital to
continue monitoring consumer perceptions and behavior related to that product. Conducting
nationally representative cohort-sequential longitudinal surveys will be essential.

Table S-1 presents the evidence domains and example considerations for using evidence
from the different domains.
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TABLE S-1 Evidence Domains Relevant to an MRTP Application and Examples of Types of

Findings

Class of Evidence

Examples of Types of Finding That May Be Required

Preclinical

Clinical trial

Abuse potential

Epidemiology

Consumer and
nonconsumer
perceptions

Populations at high .
risk for tobacco use

Modeling and
synthesis

Assurance of manufacturing quality control

Significant and substantial reduction in toxicant and carcinogen content in
product

Significant reduction in exposure to toxicants and carcinogens in limited
human study

No significant evidence for offsetting increases in content of or exposure to
other toxicants

Significant reduction in exposure to toxicants and carcinogens in relation to
continued use of traditional product, preferably approaching nonsmoker
levels

Significant rates of cessation of conventional tobacco product use, or
significant decrease in the rates of conventional tobacco product use
Significant reduction in biomarkers or surrogates of disease

No more liable for abuse than currently marketed products
No significant evidence of attractiveness to nonusers of tobacco

Clear and consistent evidence of reduction in disease risk (e.g., cancer,
cardiovascular disease, chronic obstructive pulmonary disease) or
intermediate endpoint thereof

No significant evidence of offsetting increased risk for other diseases

No significant evidence of uptake among nonusers or relapse among former
users (postmarketing)

Evidence for accurate understanding of product claim

No significant evidence that consumers equate reduced exposure with
reduced risk

No significant evidence of intention to use product among nonusers
(especially adolescents)

No significant evidence of switching from MRTP to other tobacco product
usage

No significant evidence of risk of initiation among nonusers (especially
adolescents)

Consistency of findings across relevant subpopulations of interest (e.g., low
socioeconomic status, racial/ethnic minorities)

Population predictions show reduction in smoking-related morbidity and
mortality following the introduction of an MRTP with no significant
evidence of uptake by nonusers (especially adolescents)

NOTE: This table is not comprehensive and is not intended to be a guideline or framework for the
evaluation of MRTP applications.
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STUDY DESIGN AND DECISION MAKING

Study Design

Studies should be designed appropriately to create an evidence base that can support a
finding of public health benefit. The ultimate goal of studying the effect of an MRTP on human
health and behavior is to be able to accurately predict the public health effects of allowing an
MRTP to be marketed. In other words, the ultimate goal of scientific studies is to produce
generalizable data. The “generalizability” of data, or the reliability of predictions that can be
made about the real world based on scientific observations, will depend on the design of the
studies.

Elements of study design that should be carefully evaluated include the size of the sample
and the nature of the sample. Sample sizes should be carefully determined and tailored to the
study design and the effects that are being studied. Statistically underpowered studies cannot
support inferences or projections about the effects of a product. The nature of the study sample is
critical to the usefulness of study results. Results from studies conducted in one population may
not be applicable to other populations because the characteristics that define the study population
either are related to or cause the responses to the product. As such, it is important to study a wide
range of populations. It is particularly important to include populations that have a high risk of
using tobacco and populations that will be affected by the marketing of the product.

Study designs should also carefully consider the degree of control imposed on
experimental designs. Internal and external validity should be balanced not only within studies,
but also across studies of the same product. Highly controlled experimental designs can eliminate
many variables and confounders and support strong inferences, but simultaneously they can lose
relevance to the real world as the conditions of product use do not reflect real-world
circumstances and behaviors. Experimental designs that are less controlled can emulate
circumstances that reflect real-world conditions and behaviors, and therefore they may be more
relevant in predicting real-world effects, but uncontrolled variables may confound meaningful
associations or inferences. Multiple complementary study designs will be necessary to provide
the evidence necessary to meet the statutory public health standards.

Decision Making

It is clear that no single class of evidence (e.g., preclinical, RCTs, consumer perception,
epidemiologic) in itself will be sufficient to support an MRTP application. The portfolio of
evidence brought to the FDA to justify a modified risk or modified exposure claim will be
substantial. To inform regulatory decision making, the FDA will need to process the evidence at
a higher level, beyond merely amassing the evidence in support of the MRTP claims.

A key challenge facing the FDA will be integrating the various domains and levels of
evidence provided by sponsors in support of an MRTP application. It would be helpful to have a
systematic, explicit approach that weighs outcomes in terms of their public health importance,
identifies the measures and data most relevant to those outcomes, and combines the available
evidence in a manner that is psychometrically sound, objective, and reproducible. The approach
to data integration that the FDA takes will be highly influential in determining whether an MRTP
is marketed, and the approach should be transparent, objective, and reproducible.
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It is anticipated that modeling and simulation methods will play a role in integrating
evidence to inform regulatory decisions. For modeling and simulation to be transparent, detailed
information on all aspects of model structure, sources of evidence used, computational approach,
construction of summaries, and reporting of the results should be available. Such information is
essential not only for a proper scientific understanding of the modeling, but also for allowing
researchers and other stakeholders in the regulatory process to critique and validate the model. It
is important to ensure that the methods for data integration and that inform decision making are
neither arbitrary nor flawed.

Another critical factor in deciding whether to issue an order for the marketing of an
MRTP is the amount of harm reduction claimed by an MRTP sponsor in an application. Harm
reduction is inherently relative; a reduction claim is, by definition, relative to a comparison
product. Selection of an appropriate comparison product is essential for informed and accurate
decision making. The FSPTCA recognizes this, giving the Secretary of HHS authority to require
product sponsors to compare their product to a commercially marketed representative product.
The choice of appropriate comparison products will be driven by the type of MRTP being tested,
the anticipated claim, and the study design. The comparison products may even differ between
different classes of evidence. Two reference products come to the forefront in terms of
integration and synthesis of evidence: leading brands and smoking-cessation products.

“Leading brands” represent a set of products that accounts for a significant portion of the
market and could capture subgroups of interest (e.g., those of low socioeconomic status, who
tend to use discount brands, and certain racial/ethnic minorities, who have higher rates of
menthol cigarette use). Using leading brands increases the likelihood that the findings will have
broader applicability to the population, which is crucial given the public health standard against
which MRTPs are evaluated. Using leading brands as a comparator also avoids potential
mischief in allowing comparisons between an MRTP and a product that is little used but inflates
the apparent benefit of the MRTP.

Smoking-cessation products represent a standard (or tobacco-cessation products in the
case of smokeless tobacco users) as a comparison product, as these products pose very few, if
any risks to health. These products provide an aspirational goal for risk and exposure from
MRTPs. In principle, the closer the risks and exposures from the MRTP are to cessation
products, the more confident a regulator can be in the chances for net public health benefit. Note
that the use of this comparison product is not the same as studying whether the MRTP acts as an
aid to smoking cessation. Rather, the goal is to compare how the risk or exposure reduction
attained with use of the MRTP compares to smoking-cessation product use of similar duration.

GOVERNANCE

The role of governance is to ensure the proper conduct of research. In addition to the
essential role of protecting the interests of human research participants, governance of research is
critical to the production of credible and reliable evidence. Governance and oversight of research
conduct can prevent unethical behavior such as the falsification and manipulation of research
data. Over time, the proper conduct of research can also build credibility and public trust.

There is profound distrust of the tobacco industry and of research supported by the
tobacco industry. This distrust is the direct result of the tobacco industry’s history of improperly
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influencing or manipulating scientific findings and messaging about the health effects of
tobacco. This history and the lack of trust may prevent independent experts from participating in
research on tobacco products and therefore may impede the production of data on MRTPs
necessary to assess public health impact. Particularly important illustrations of the lack of public
trust include the fact that many major universities have bans on the acceptance of tobacco
industry funding, and that many journals will not accept or publish research supported by the
tobacco industry. Establishing the tobacco industry as a legitimate participant in tobacco research
is an important consideration in the overall goal of producing evidence on the effects of MRTPs.

The need for academic institutions or other experts to conduct research on tobacco
products is particularly important in the current regulatory environment. First, the tobacco
industry currently lacks the infrastructure and expertise to independently produce the necessary
evidence to support an application to market an MRTP. The FSPTCA now requires tobacco
products to undergo a premarket approval process similar to drugs and devices. Prior to the
passage of the FSPTCA, the tobacco industry lacked robust regulation, and as a consequence, the
industry may lack the institutional and organizational capacity to assemble a complete
application to meet the requirements of the law. In addition, there are significant domains of
evidence that should be addressed in an application to market an MRTP wherein the tobacco
industry either lacks the expertise or the willingness to independently conduct the research. In
particular, research involving populations with a high risk for tobacco use such as behavioral
research, studies of adolescents, research on abuse liability, and observational studies of health
effects will be very challenging for the tobacco industry.

The committee recommends several strategies to create an environment conducive to the
production of reliable and credible evidence, in spite of the tobacco industry’s reputation and
currently limited infrastructure and expertise. The first strategy is to create a mechanism to
distance the reputation and influence of the tobacco industry from experts, researchers, and
institutions that will be critical to the production of evidence on MRTPs. Fear, either real or
perceived, of being influenced by or aiding the tobacco industry prevents many institutions,
researchers, and journals from having any association with the tobacco industry. Providing
independence, autonomy, and separation from the industry addresses these fears. An independent
third party that conducts research, provides oversight of research, distributes funding for research
or manages research contracts, or otherwise provides governance of research may be a useful
mechanism for reengaging the experts and institutions necessary to producing high-quality
evidence on the effects of MRTPs. Relevant examples of third-party partnerships between
industry and government include the Health Effects Institute and the Reagan-Udall Foundation.
Currently, there are no independent entities that fulfill these roles for the tobacco industry.

The second strategy is to require that the conduct of research in support of MRTPs
conform to ethical standards and that study information to be made publicly available.
Transparency and the proper conduct of research not only protects the interests of research
participants, but it can also improve data quality. Requiring transparency and ethical conduct of
research may also help change public perceptions of the tobacco industry, and subsequently
engagement and support from key stakeholders may be more likely. Over time, requiring
adherence to codes of ethics, and requiring the publication of study information and results, will
improve the quality and availability of evidence about the effects of MRTPs on health.
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FINDINGS AND RECOMMENDATIONS

In the committee’s view, the fundamental problem that confronts the FDA 1is a shortage
of credible and reliable evidence about the effects of MRTPs on both individual and public
health. The history of deceptive behavior by the tobacco industry undermined the trust of the
public as well as the public’s confidence in the industry’s ability to rigorously conduct studies
that will generate the data needed to evaluate these products. Therefore, the committee’s
recommendations are designed to articulate the minimum standards for producing credible and
reliable evidence to demonstrate that the marketing of an MRTP is consistent with the protection
of public health. The committee articulates a strategy for the production of scientific evidence by
making recommendations in three areas:

1. types of evidence and studies;
2. design and integration of studies on MRTPs; and

3. governance of studies.

Types of Evidence and Studies

Finding 1: Types of Evidence. The public health standard articulated by the
FSPTCA requires collection of scientific evidence from a wide range of
disciplines and research domains. While the committee respects the FDA’s
independence and discretion in regulating MRTPs, the committee maintains there
is a minimum range of research domains required to evaluate the effect of MRTPs
on individuals and public health. Individual methods may change as the
technology or state of the science may evolve, but the minimum standards for the
domains of evidence will be relevant regardless of the state of the science in the
future.

Recommendation 1: The FDA should require that studies submitted in
support of an MRTP application address all key research domains needed to
forecast and monitor the product’s public health impact, including:

e product composition and performance;

e addiction potential and likelihood for initiation or persistence of
use;

e human exposure to harmful and potentially harmful constituents;

e perceptions about the product’s effects and likelihood of
addiction; and

e effects of the product on human health and surrogates of human
health.
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Finding 2: Phased Approach to New MRTPs. Many novel MRTPs are likely to be
developed for marketing in the near future. There are inherent uncertainties and
risks with new products that should be addressed. Risks should be minimized
before new products are tested in humans. To address the risk of new products, a
phased approach, similar to the New Drug Application framework for the
regulation and control of new drugs, is appropriate for the evaluation of new
MRTPs. A phased approach will help the FDA ensure that only products that are
unlikely to be unsafe and have a reasonable expectation of reducing harm relative
to conventional tobacco products will be used in human studies.

Recommendation 2: The FDA should establish guidance that conveys an
expected sequencing of studies, such that preclinical work is completed and
submitted to the FDA before clinical (human subjects) work commences, and
that there is a reasonable expectation based on preclinical work that a
reduction or lack of harm will be seen in humans.

Finding 3: Clinical Trial Studies. Although the use of randomized controlled trial
methods will be constrained for a number of reasons (including the practical
limitations of study cost, size and follow-up, and ethical constraints on
randomizing study participants to harmful exposures), they will continue to play
an essential role in creating an evidence base on the public health effects of
MRTPs. Randomized controlled trial methods can provide highly reliable data on
the likelihood of addiction and initiation or cessation of product use. Also, these
methods can provide reliable evidence on human exposure.

Recommendation 3: The FDA should require randomized controlled trials in
the following domains:

e exposure reduction;
e self-administration of the MRTP; and

o effects on use of conventional tobacco products.

These randomized controlled trials should include multiple comparison
products (such as nicotine replacement products, conventional cigarettes or
smokeless tobacco, placebo preparations, and alternative nicotine delivery
systems). These trials should also assess the effect of the MRTP on human
exposure and on human health and surrogates of human health.

Finding 4: Requirement for Postmarket, Prospective Epidemiologic Studies.
Postmarket studies of MRTPs will be critical to evaluating the effect of MRTPs
on both individuals and the public’s health. In particular, prospective cohort
design will be an essential tool to validating anticipated or claimed effects of
marketed MRTPs. These studies have several important strengths: (1)
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biochemical tobacco and MRTP exposure can be assessed at baseline, offering
“unbiased” exposure assessment before health outcomes occur; (2) there is less of
a problem with retrospective recall of product use, as this information can be
summarized at the start of the study and followed prospectively; (3) changing
product use habits can be monitored as the study progresses; (4) outcomes can be
documented as they occur, and verification is more efficient; and (5) a wide
variety of outcomes can be evaluated in the same study, particularly outcomes
that are more common. Furthermore, cohort studies allow assessment of overall
health status and outcomes.

Recommendation 4: The FDA should require prospective epidemiologic
studies to commence upon issuance of a marketing order to confirm reduced
exposure and reduced risk claims, and to examine effects of MRTP
availability on the population as a whole, including the likelihood of initiation
and cessation. The FDA should issue guidance on the design, conduct, and
analysis of such studies.

Finding 5: Modeling of Public Health Outcomes. Mathematical modeling and
simulation analysis provides a complementary approach to the conduct of
empirical studies that can be useful at each stage of the regulatory process for
MRTPs. Model-based analyses can (1) synthesize the available information from
empirical studies of MRTPs; (2) enable researchers and decision makers to
explore complex interactions and systems that may be impractical to evaluate in
empirical studies; (3) allow researchers and decisions makers to explore “what if”
questions relevant to decision making, which would not be practical to assess in
empirical studies; and (4) be used to make projections about the short- and long-
term effects of the introduction of MRTPs.

Recommendation S: The FDA should issue guidance on the development and
use of simulation and modeling approaches to predict public health impact
through the systematic integration of information about relevant
assumptions and influences. Such approaches should be tested for robustness
with regard to results and assumptions, they should be public and
transparent, and they should be validated against postmarketing
epidemiologic research.

Design and Integration of Studies

Finding 6: Standards for Sampling in MRTP Studies. To have regulatory
usefulness, studies of MRTPs must be generalizable to the overall population of
interest and to specific populations, including populations at high risk for tobacco
use. Failure to include relevant populations in studies will result in incomplete
evidence on the effect of an MRTP on the public’s health and, therefore, will be
inadequate to support regulatory decisions about the marketing of MRTPs.
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Recommendation 6: The FDA should require studies to include populations
of special relevance, including (but are not limited to):

e users of tobacco products, including users who are and are not
interested and quitting;

e in certain circumstances, non-users of tobacco products;
o former smokers;

e beginning smokers;

e adolescents; and

e populations at a high risk for tobacco use, including, but not
limited to those low in socioeconomic status and educational
attainment, and certain ethnic minorities.

Finding 7: Quality of Studies. The usefulness of a study to inform a regulatory
decision hinges on the quality and appropriateness of the design. In many cases,
complementary studies might be needed to provide a breadth of evidence for an
informed regulatory decision with appropriate control of confounders and internal
and external validity.

Recommendation 7: For all studies of the effects of MRTPs on human health
and behavior, the FDA should require a range of designs that are properly
powered, balance internal and external validity, and comprise multiple
populations appropriate to the experimental questions being addressed.

Finding 8: Standards for Good Research Practice. A significant amount of
guidance on minimum standards for scientific studies directly relevant to the
evaluation of MRTPs has already been developed. Guidelines for formatting,
design, conduct, and reporting of science are articulated in consensus statements,
such as the Consolidated Standards of Reporting Trials (CONSORT) reporting
criteria for clinical trials, the Strengthening the Reporting of Observational studies
in Epidemiology (STROBE) statement for observational studies, the publication
criteria of the International Council of Medical Journal Editors, and the reporting
criteria of the International Conference on Harmonization. These existing
guidelines represent robust standards for the conduct of science across many of
the research domains relevant to the evaluation of MRTPs.

Recommendation 8: The FDA should issue guidance to the industry
regarding the format, design, conduct, and reporting of studies in support of
MRTP applications that is based upon current generally accepted principles
for scientific investigation.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Scientific Standards for Studies on Modified Risk Tobacco Products

SUMMARY

Finding 9: Standards for Integration of Evidence. Regulatory decisions regarding
MRTPs will be based on a wide range and variety of scientific evidence, and the
integration of scientific evidence will play a pivotal role in that decision making.
The assessment of MRTPs will typically require the evaluation and integration of
evidence on risks and benefits across multiple diverse outcomes, such as measures
of toxicity, biomarkers, addictiveness, and disease endpoints. Modeling and
simulation approaches are relevant to estimating public health effects of tobacco
and, therefore, the FDA will likely engage in various methods of data integration,
synthesis, and analysis, including, but not limited to, simulation and modeling. It
is critical that these approaches are transparent and reproducible.

Recommendation 9: The FDA should develop and use an approach to data
integration that is explicit and transparent with regard to the importance of
the different outcomes, that uses optimal available evidence, and that
employs objective and reproducible methods for data integration.

Governance of Studies

Finding 10: Independent Oversight and Conduct of Studies. It has been
established in public records and as a matter of law that the tobacco industry has
engaged in illegal and improper practices, including the destruction and
manipulation of scientific data. As a result, the tobacco industry is profoundly
isolated from the mainstream scientific community. Many major universities have
policies against acceptance of tobacco funding, and many high-impact scientific
and medical journals will not accept tobacco industry-supported manuscripts. The
consequence of this isolation is a lack of the expertise and the resources necessary
to produce high-quality science across the range of disciplines to support an
application to market an MRTP. Use of a trusted third party, particularly for
products developed by the tobacco industry, could provide an avenue for the
production of credible evidence needed by the FDA to evaluate tobacco products.
Ultimately, such a research structure could encourage and support the production
and dissemination of credible and reliable evidence about the effects of tobacco
products on the public’s health.

Recommendation 10: MRTP sponsors should consider use of independent
third parties to undertake one or more key functions, including the design
and conduct of research, the oversight of specific studies, and the distribution
of sponsor funds for research. Such independent third parties should be
approved by the FDA in advance of the research.

Finding 11: Public Disclosure of Research. Public availability of data not only
builds credibility and public trust, but it also benefits the public as it allows for
independent analysis of study methods and data. The model of Clinicaltrials.gov
is particularly compelling and relevant, and a similar model of public accounting
and open disclosure should be expected of the tobacco industry.
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Recommendation 11: The FDA should require all MRTP sponsors to place
all data generated in the development and marketing of the MRTP in a
public repository selected by the FDA.

Finding 12: Proper Conduct of Research. Standards for the conduct of science and
the protection of human research participants have been established for
biomedical research enterprises not only in academics but also in commercial
research. FDA has the tools to ensure studies adhere to established standards in
the drug development framework, which can be applied to the development of
MRTPs. Those standards not only protect human participants, but they also build
credibility into any data that is provided to the FDA, particularly by the tobacco
industry. Institutional credibility and trustworthiness is particularly relevant in this
context, given the history of unethical and illegal practices of the tobacco
industry.

Recommendation 12: The FDA should require studies offered in support of
an MRTP application to adhere to established standards and principles of
good research governance, including appropriately qualified investigators,
transparency, independent institutional review board or ethical review, and
adherence to the Common Rule (21 CFR parts 50 and 56).
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TOBACCO HARM IN THE UNITED STATES

Smoking is the leading cause of preventable morbidity and mortality in the United States,
contributing to approximately 443,000 premature deaths each year nationally (CDC, 2008).
Cigarette smoking is the most common form of tobacco use; there are an estimated 46.6 million
current adult smokers, and initial use of tobacco typically occurs in youth (CDC, 2010; HHS,
1994). Many of the approximately 1,000 adolescents who initiate smoking each day continue use
to become regular adult smokers (SAMHSA, 2011).

Smoking-related disease causes more deaths than alcohol, illicit drug-use, homicide, and
suicide combined (Mokdad et al., 2004). In total, tobacco-related mortality amounts to
approximately 5.1 million years of potential life lost per year (CDC, 2008). Lung cancer,
ischemic heart disease, and chronic obstructive pulmonary disease (COPD) are the leading
causes of smoking-attributable deaths (CDC, 2008). Smoking can also increase a person’s risk
for stroke and other forms of cancers. A list of documented diseases and conditions that are
caused by cigarette smoking can be found in Table 1-1. In total, cigarette smoking accounts for
approximately 80 percent of deaths from COPD, and at least 30 percent of deaths due to cancers
(CDC, 2008). Another 8.6 million smokers in the United States live with a smoking-attributable
illness (CDC, 2009a). Smoking also imposes enormous costs on the U.S. health care system and
economy, with an estimated $193 billion in losses due to health care costs and productivity
losses per year (CDC, 2008).

Cigarette smoking is harmful for non-users as well. Secondhand smoke (also called
environmental tobacco smoke, involuntary smoke, or passive smoke) is responsible for
approximately 50,000 annual deaths, largely due to lung cancer, coronary heart disease, and
sudden infant death syndrome (HHS, 2006).

Other forms of tobacco use, such as smokeless tobacco products and cigars, also have
harmful consequences. Smokeless tobacco use—primarily in the form of chewing tobacco and
snuff—causes cancer of the oral cavity and pancreas and other oral health problems such as gum
recession and leukoplakia (IARC, 2007).

19
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TABLE 1-1 Diseases and Conditions Caused by Active Cigarette Smoking“

Disease Effects
Malignant Tumor sites for which there is sufficient evidence:
neoplasms ” = Oral cavity

= Oropharynx, nasopharynx, and hypopharynx
= Qesophagus (adenocarcinoma and squamous-cell carcinoma)
= Stomach

= Colorectum

= Liver

= Pancreas

= Nasal cavity and paranasal sinuses

= Larynx

= Lung

= Uterine cervix

= Qvary (mucinous)

= Urinary bladder

= Kidney (body and pelvis)

= Ureter

= Bone marrow (myeloid leukaemia)

Tumor site for which there is limited evidence:
* Female breast

Cardiovascular = Coronary heart disease
diseases = Cerebrovascular disease
= Atherosclerosis
= Aortic aneurysm

Respiratory = Chronic obstructive pulmonary disease (bronchitis, emphysema,
diseases in adults chronic airway obstruction)
= Pneumonia
= Premature onset of and an accelerated age-related decline in lung
function
= All major respiratory symptoms (e.g., coughing, phlegm,
wheezing, dyspnea)
= Poor asthma control

Respiratory = [mpaired lung growth
diseases in young = Respiratory symptoms and asthma-related symptoms (e.g.,
people wheezing) in childhood and adolescence
= FEarly onset of lung function decline during late adolescence and
early adulthood
Reproductive and = Sudden infant death syndrome
perinatal = Reduced fertility in women
conditions “ = Fetal growth restriction

= Low birth weight

= Premature rupture of the membranes

= Placenta previa

= Placental abruption

= Preterm delivery and shortened gestation
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= Respiratory distress syndrome

Cataracts

Hip fractures

Low bone density

Peptic ulcer disease in persons who are Helicobacter pylori

positive

= Diminished health status (i.e., increased absenteeism from work,
increased use of medical care services)

= Adverse surgical outcomes related to wound healing and

respiratory complications

Miscellaneous ¢

SOURCE:

“Modified from Giovino (2007). Reprinted from American Journal of Preventive Medicine, Vol 6,
Supplement 1, Gary A. Giovino, The Tobacco Epidemic in the United States, S318-S326, Copyright
2007, with permission from Elsevier.

’Data from Secretan et al. (2009). Reprinted from from The Lancet Oncology, 10(11), Secretan, B., K.
Straif, R. Baan, Y. Grosse, F. El Ghissassi, V. Bouvard, L. Benbrahim-Tallaa, N. Guha, C. Freeman, L.
Galichet, and V. Cogliano, A review of human carcinogens—Part E: tobacco, areca nut, alcohol, coal
smoke, and salted fish, 1033-1034, Copyright 2009, with permission from Elsevier.

“ Data from Giovino (2007).

The United States faces particular challenges with youth smoking. Of the approximately
1 million people who start smoking regularly each year, 39.5 percent are under the age of 18
(SAMHSA, 2011). Like adult smokers, quit rates remain low in adolescent smokers
(Mermelstein, 2003). It is estimated that 50 percent of those who start smoking in adolescence go
on to smoke for 16 to 20 years (Pierce and Gilpin, 1996).

Since the mid 1960s when smoking rates among adults in the United States peaked at
over 42 percent, efforts to reduce cigarette use have made significant progress (CDC, 1999).The
current prevalence of cigarette use is 20.6 percent among adults and 19.5 percent in youth (CDC,
2010). These tobacco control efforts have been recognized by the Centers for Disease Control
and Prevention (CDC) as a major public health achievement, both of the 20th century and of the
first decade of the 21st century (CDC, 2011a). Despite this improvement in the past half century,
however, progress has stalled in recent years. After substantial declines in adult smoking rates
through the 1980s and 1990s, the rate of U.S. adult smokers has remained relatively static, from
20.9 percent in 2004 to 20.6 percent in 2009 (CDC, 2010). This lack of continued progress is
also seen in youth smoking rates. Between 1997 and 2003, smoking prevalence among high
school students declined substantially from 36.4 percent to 21.9 percent; this decline slowed
from a youth smoking rate of 21.9 percent in 2003 to 19.5 percent in 2009 (CDC, 2011a).

Current disparities in tobacco use patterns are another cause for concern; trends in
smoking show higher tobacco use rates among certain ethnic and racial minority groups, persons
with low socioeconomic status, sexual minorities, and people in the South and Midwest of the
United States (CDC, 2011b; HHS, 1998).

In spite of the well-established health risks for smoking and other forms of tobacco use,
some individuals still choose to use tobacco for a number of potentially desired effects or
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outcomes. These effects or outcomes may range from perceived social benefits (Halpern-Felsher
et al., 2004), to discrete physiological effects (Vezina et al., 2007), or even the mere enjoyment
of the flavor and aroma of tobacco. While the ultimate decision of whether the benefits outweigh
the risks is up to the individual, the committee firmly maintains that the individual and public
health hazards of tobacco use far outweigh any potentially desired effects of tobacco use.

HARM REDUCTION

The concept of harm reduction informs the public health rationale for permitting the
development and potential marketing of modified risk tobacco products (MRTPs). The basic
premise of harm reduction is the continuation of a potentially hazardous or dangerous behavior,
with the aim of decreasing the potentially adverse consequences of these behaviors (Marlatt,
2002). The reduced risk can be for either participants or nonparticipants of the potentially
harmful activity. Harm reduction is most typically associated with illicit substance use, including
opioid substitution therapies, needle exchange programs, and supervised injecting sites. Harm
reduction strategies can incorporate a wide spectrum of individual tactics, from safer use, to
managed use, to complete abstinence from the risk behavior. In the context of tobacco harm
reduction, “a product is harm reducing if it lowers total tobacco-related mortality and morbidity,
even though use of that product may involve continued exposure to tobacco-related toxicants”
(IOM, 2001).

Modification of the risk profiles of tobacco products is only one of several potential
tactics to reduce the harm of tobacco. In addition to preventing initiation of tobacco use and
promoting cessation of tobacco use, MRTPs with reduced risk profiles may potentially lessen the
harm of tobacco for the substantial portion of U.S. smokers who are unable or unwilling to
abstain. Of the 46 million adult smokers in the United States, an estimated 70 percent of smokers
wish to quit completely, and approximately 45 percent of smokers attempt to quit each year
(CDC, 2002, 2009b). However, only approximately 6 percent of the smokers who attempt to quit
are successful for 1 month or more (HHS, 2000). Tobacco harm reduction efforts target users
that are unwilling or unable to quit as one component of a comprehensive, multifaceted strategy
to minimize the negative health effects of tobacco use.

In 2001 the Institute of Medicine (IOM) specifically addressed the potential of tobacco
harm reduction in Clearing the Smoke. Assessing the Science Base for Tobacco Harm Reduction.
The report articulated six principle conclusions:

1. For many diseases attributable to tobacco use, reducing risk of disease by reducing
exposure to tobacco toxicants is feasible.

2. PREPs' have not yet been evaluated comprehensively enough (including for a
sufficient time) to provide a scientific basis for concluding that they are associated
with a reduced risk of disease compared to conventional tobacco use.

3. Surrogate biological markers that are associated with tobacco-related diseases could
be used to offer guidance as to whether or not PREPs are likely to be risk-reducing.

' PREPs or potential reduced-exposure products are defined in Box 1-2.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Scientific Standards for Studies on Modified Risk Tobacco Products
INTRODUCTION 23

4. Currently available PREPs have been or could be demonstrated to reduce exposure to
some of the toxicants in most conventional tobacco products.

5. Regulation of all tobacco products, including conventional tobacco products as
recommended in [IOM (1994), as well as all other PREPs is a necessary precondition
for assuring a scientific basis for judging the effects of using PREPs and for assuring
that the health of the public is protected.

6. The public health impact of PREPs is unknown. They are potentially beneficial, but
the net impact on population health could, in fact, be negative.

In the report, the IOM also suggests a research agenda for evaluating the potential for
harm reduction of PREPs (IOM, 2001). Since the publication of Clearing the Smoke, significant
advances have been made in the science of evaluating tobacco products (Carter et al., 2009;
Cohen et al., 2009; Hatsukami et al., 2005, 2006, 2007, 2009; O’Connor et al., 2009; Shields,
2002). Also, in following the report’s conclusion that harm reducing products might be possible,
tobacco companies have developed a large number of PREPs. Several products remain on the
market; however, no products have been proven to reduce harm or risk.

HISTORY OF TOBACCO REGULATION IN THE UNITED STATES

The Family Smoking Prevention and Tobacco Control Act of 2009 (FSPTCA)” grants the
Food and Drug Administration (FDA) broad authority to regulate the manufacturing,
distribution, and marketing of tobacco products. This law marks an important turning point in the
history of tobacco control in the United States. In fewer than 70 years, the profile of tobacco has
changed from that of a popular luxury item associated with athletes, movie stars, and celebrities,
to that of a highly regulated public health hazard. However, despite decades of heightened
concern and public awareness, smoking is still the leading cause of preventable death in the
United States.

Modern tobacco control began in the 1940s and 1950s with scientific and public health
authorities establishing through emerging evidence that smoking causes disease. Prior to the
1940s, little existing evidence linked tobacco use to disease. As late as the 1950s, certain
cigarettes were still marketed with explicitly positive health claims. The 2001 IOM report
chronicled the early health claims of tobacco manufacturers in response to the health concerns of
smokers (IOM, 2001).

Evidence collected in the 1940s and 1950s confirmed the link between smoking and lung
cancer. Landmark publications from Richard Doll and Austin Hill, and from Ernst Wynder and
Evarts Ambrose Graham, provided convincing evidence that smoking caused lung cancer (Doll
and Hill, 1950, 1956; Wynder and Graham, 1950). In 1962, a report from the Royal College of
Physicians of London reaffirmed findings that smoking significantly increased the risk of death
from lung and heart disease (Royal College of Physicians, 1962). In 1964, the Surgeon General
released a report that authoritatively linked smoking to lung cancer, cardiovascular disease, and
emphysema (U.S. Public Health Service, 1964).

? Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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In addition to authoritatively linking smoking to disease, the Royal College of Physicians
and the Surgeon General reports also directed the evidence to policy makers and the public with
recommendations to reduce the harm of smoking. The Royal College report specifically
recommended preventive measures including filtration of smoke, modifications of tobacco, and
discouragement of smoking. The report also made specific recommendations for government
action, including public education, taxation, and restrictions on advertisement and smoking in
public places.

In response to the Surgeon General’s report, which stated that “cigarette smoking is a
health hazard of sufficient importance in the United States to warrant appropriate remedial
action” (U.S. Public Health Service, 1964), Congress passed the Federal Cigarette Labeling and
Advertising Act of 1965 requiring that the statement, “Caution: cigarette smoking may be
hazardous to your health,” be placed on every cigarette package. In 1970, Congress strengthened
the regulation through the Public Health Cigarette Smoking Act, which banned cigarette
advertisements on any medium of electronic communication subject to the jurisdiction of the
Federal Trade Commission. In total between 1965 and 2000, Congress passed six pieces of
legislation to address the harm of tobacco use, including:

e the Federal Cigarette Labeling and Advertising Act of 1965;°

e the Public Health Cigarette Smoking Act of 1970;*

e the Alcohol and Drug Abuse Amendments of 1983;

e the Comprehensive Smoking Education Act of 1984;°

e the Comprehensive Smokeless Tobacco Health Education Act of 1986; and

e the Alcohol, Drug Abuse, and Mental Health Administration Reorganization Act
of 1992.°

Additional smoking-related regulations and interventions have followed, with the
recognition of secondhand smoke as a serious public health hazard (IOM, 2010), including the
restriction of smoking in government facilities and on all commercial U.S. airline flights. (See
Table 1-2 for a summary of significant milestones in addressing indoor tobacco smoke exposure
in the United States.)

In 1996, 13 years before the passage of the FSPTCA, the FDA unsuccessfully attempted
to assert regulatory authority over tobacco. The FDA argued that tobacco products fell within its
purview, claiming that nicotine is a drug, and that cigarettes and smokeless tobacco are

3 Federal Cigarette Labeling and Advertising Act of 1965, Public Law 89-92, 79 Stat. 282 (July 27, 1965).

* Public Health Cigarette Smoking Act of 1970, Public Law 91-222, 84 Stat. 87 (April 1, 1970).

> Alcohol and Drug Abuse Amendments of 1983, Public Law 98-24, 97 Stat. 175 (April 26, 1983).

® Comprehensive Smoking Education Act of 1984, Public Law 98-474, 98 Stat. 2200, 98th Congress (October 12,
1984).

7 Comprehensive Smokeless Tobacco Health Education Act of 1986, Public Law 99-252, 100 Stat. 30, 99th Congress
(February 27, 1986).

¥ Alcohol, Drug Abuse, and Mental Health Administration Reorganization Act of 1992, Public Law 102-321, 106
Stat. 323,102nd Congress (July 10, 1992).
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combination products that consist of the drug (nicotine) and device components intended to
deliver nicotine to the body.’ Based on this framework, the FDA issued a regulation that
included

e prohibiting the sale of tobacco products to individuals under 18;

e prohibiting free samples and the sale of tobacco products through vending
machines and self-service displays, except in facilities that ensures that no person
under age 18 is present;

e restricting advertising exposed to children and adolescents to black-and-white,
text-only displays;

e prohibiting billboards and outdoor advertising within 1,000 feet of schools and
public playgrounds;

e prohibiting the sale or distribution of brand identified promotional nontobacco
items; and

e prohibiting sponsorship of sporting and other events in the name of a product.

The authority of the FDA to regulate tobacco and to enforce these rules was challenged
by the tobacco industry, and in 2000 the Supreme Court held that Congress did not intend for the
FDA to have the authority to regulate tobacco products.'® This created a major barrier to the
federal regulation of tobacco products. Without explicit authorization from Congress, the FDA
would not have power to regulate tobacco.

Individual states still retained independent authority to regulate tobacco, and they have
made significant reforms through both litigation and legislation. For example, most states have
enacted laws banning smoking in public spaces. Table 1-2 displays significant scientific reports
and clean-air policies enacted in the United States since 1971, when the Surgeon General first
proposed a federal smoking ban for public spaces (IOM, 2010). Detailed information on these
milestones are outlined in the Surgeon’s General 2006 report, The Health Consequences of
Involuntary Exposure to Tobacco Smoke (HHS, 2000).

’ 61 Federal Register 44396-45318; 21 C.F.R. Parts 801, 803, 804, 807, 820, and 897.
" FDA v. Brown and Williamson, 529 U.S. 120 (2000).
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TABLE 1-2 Summary of Milestones in Decreasing Indoor Tobacco Smoke in the United States

Year Event
1971 The Surgeon General proposes a federal smoking ban in public places.
1972 The first report of the Surgeon General to identify secondhand smoke as posing a

health risk is released.

1973 Arizona becomes the first state to restrict smoking in several public places. The
Civil Aeronautics Board requires no-smoking sections on all commercial airline
flights.

1974 Connecticut passes the first state law to apply smoking restrictions in restaurants.

1975 Minnesota passes a statewide law restricting smoking in public places.

1977 Berkeley, California, becomes the first community to limit smoking in restaurants

and other public places.

1983 San Francisco passes a law to place private workplaces under smoking
restrictions.
1986 A report of the Surgeon General focuses entirely on the health consequences of

involuntary smoking, proclaiming secondhand smoke a cause of lung cancer in
healthy nonsmokers. The National Research Council issues a report on the health
consequences of involuntary smoking. Americans for Nonsmokers’ Rights
becomes a national group; it had formed as the California Group Against
Smoking Pollution.

1987 The U.S. Department of Health and Human Services establishes a smoke-free
environment in all its buildings, affecting 120,000 employees nationwide.
Minnesota passes a law requiring all hospitals in the state to prohibit smoking by
1990. A Gallup poll finds, for the first time, that a majority (55 percent) of U.S.
adults favor a complete ban on smoking in all public places.

1988 A congressionally mandated smoking ban takes effect on all domestic airline
flights of 2 hours or less. New York City’s ordinance for clean indoor air takes
effect; the ordinance bans or severely limits smoking in various public places and
affects 7 million people. California implements a statewide ban on smoking
aboard all commercial intrastate airplanes, trains, and buses.

1990 A congressionally mandated smoking ban takes effect on all domestic airline
flights of 6 hours or less. The U.S. Environmental Protection Agency (EPA)
issues a draft risk assessment of secondhand smoke.

1991 The National Institute for Occupational Safety and Health issues a bulletin

recommending that secondhand smoke be reduced to the lowest feasible
concentration in the workplace.
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Year

Event

1992

1993

1994

1995

1996

1997

1998

Hospitals applying to the Joint Commission on Accreditation of Healthcare
Organizations for accreditation are required to develop a policy prohibiting
smoking by patients, visitors, employees, volunteers, and medical staff. The EPA
releases its report classifying secondhand smoke as a group A carcinogen (known
to be harmful to humans), placing secondhand smoke in the same category as
asbestos, benzene, and radon.

Los Angeles passes a ban on smoking in all restaurants. The U.S. Postal Service
eliminates smoking in all facilities. Congress enacts a smoke-free policy for
Special Supplemental Food Program for Women, Infants, and Children clinics. A
working group of 16 state Attorneys General releases recommendations for
establishing smoke-free policies in fast-food restaurants. Vermont bans smoking
in all public buildings and in many private buildings open to the public.

The U.S. Department of Defense prohibits smoking in all indoor military
facilities. The Occupational Safety and Health Administration proposes a rule
that would ban smoking in most U.S. workplaces. San Francisco passes a ban on
smoking in all restaurants and workplaces. The Pro-Children Act requires persons
who provide federally funded children’s services to prohibit smoking in their
facilities. Utah enacts a law restricting smoking in most workplaces.

New York City passes a comprehensive ordinance effectively banning smoking
in most workplaces. Maryland enacts a smoke-free policy for all workplaces
except hotels, bars, some restaurants, and private clubs. California passes
comprehensive legislation that prohibits smoking in most enclosed workplaces.
Vermont’s smoking ban is extended to include restaurants, bars, hotels, and
motels except establishments holding a cabaret license.

The U.S. Department of Transportation reports that about 80 percent of nonstop
scheduled U.S. airline flights between the United States and foreign points will be
smoke free by June 1, 1996.

President Clinton signs an executive order establishing a smoke-free environment
for federal employees and all members of the public visiting federally owned
facilities. The California EPA issues a report determining that secondhand smoke
is a toxic air contaminant. Settlement is reached in the class-action lawsuit
brought by flight attendants exposed to secondhand smoke.

The U.S. Senate ends smoking in the Senate’s public spaces. California law takes
effect banning smoking in bars that do not have a separately ventilated smoking
area. The Minnesota tobacco-document depository is created as a result of a
tobacco-industry settlement with Minnesota and Blue Cross and Blue Shield of
Minnesota. U.S. tobacco companies are required to maintain a public depository
to house more than 32 million pages of previously secret internal tobacco
industry documents.
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Year Event
2000 The New Jersey Supreme Court strikes down a local clean-indoor-air ordinance

adopted by the city of Princeton on the grounds that state law preempts local
smoking restrictions. A congressionally mandated smoking ban takes effect on all
international flights departing from or arriving in the United States.

2002 New York City holds its first hearing on an indoor smoking ban that would
include all bars and restaurants. The amended Clean Indoor Air Act enacted by
the state of New York (Public Health Law, Article 13-E), which took effect July
24,2003, prohibits smoking in virtually all workplaces, including restaurants and
bars. The Michigan Supreme Court refuses to hear an appeal of lower-court
rulings striking down a local clean-indoor-air ordinance enacted by the city of
Marquette on the grounds that state law preempts local communities from
adopting smoking restrictions in restaurants and bars that are more stringent than
the state standard. Delaware enacts a comprehensive smoke-free law and repeals
a preemption provision precluding communities from adopting local smoking
restrictions that are more stringent than state law. Florida voters approve a ballot
measure that amends the state constitution to require most workplaces and public
places—with some exceptions, such as bars—to be smoke free.

2003 Dozens of U.S. airports—including airline clubs, passenger terminals, and
nonpublic work areas—are designated as smoke free. Connecticut and New York
enact comprehensive smoke-free laws. Maine enacts a law requiring bars, pool
halls, and bingo venues to be smoke free. State supreme courts in lowa and New
Hampshire strike down local smoke-free ordinances, ruling that they are
preempted by state law.

2004 Massachusetts and Rhode Island enact comprehensive smoke-free laws. The
International Agency for Research on Cancer issues a new monograph identifying

secondhand smoke as “carcinogenic to humans.”

2005 North Dakota, Vermont, Montana, and Washington enact 100 percent smoke-free
workplace and/or restaurant and/or bar regulations.

2006 New Jersey, Colorado, Hawaii, Ohio, and Nevada enact 100 percent smoke-free
workplace and/or restaurant and/or bar regulations.

2007 Louisiana, Arizona, New Mexico, New Hampshire, and Minnesota enact 100
percent smoke-free workplace and/or restaurant and/or bar regulations.

2008 Illinois, Maryland, lowa, and Pennsylvania enact 100 percent smoke-free
workplace and/or restaurant and/or bars regulations.

2009 Oregon and Nebraska enact 100 percent smoke-free workplace and/or restaurant
and/or bars regulations.

2010 Wisconsin, Michigan, North Carolina, and Kansas enact 100 percent smoke-free
workplace and/or restaurant and/or bars regulations.
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Year Event

As of Oct. 7,2011  Across the United States, 21,875 municipalities are covered by a 100 percent
smoke-free provision in workplaces, and/or restaurants, and/or bars by a state,
commonwealth, or local law; this represents 79.6 percent of the U.S. population.

The District of Columbia and 39 states have local laws in effect that require 100
percent smoke-free workplaces, and/or restaurants, and/or bars.

SOURCE: Derived from IOM (2010) with additional information from the American Nonsmokers’
Rights Foundation (2011) and the Robert Wood Johnson Foundation (2011).

Lawsuits filed by state attorneys seeking reimbursement for the costs of tobacco-related
disease have had a profound effect, with the resulting settlements leading to significant
restrictions on the tobacco industry that were previously not attainable. Many of these
restrictions were a result of the Master Settlement Agreement (MSA), which was signed in
November 1998. The MSA was a contractual agreement between the Attorneys General of 46
states and the largest U.S. cigarette companies. The companies accepted limitations and
restrictions on certain marketing practices, and agreed to annual payments over a 25-year period
to the states to contribute towards the economic costs of tobacco-related disease. A list of the
restrictions on the advertising practices from the MSA can be found in Box 1-1.

In 1999, the federal government followed the successes of state Attorneys General and
filed a lawsuit to reclaim health care expenses caused by tobacco-related disease. Specifically,
the Department of Justice filed a lawsuit against the tobacco industry for violating the Racketeer
Influenced and Corrupt Organizations (RICO) Act, seeking to “disgorge” billions of dollars in
profits from past unlawful activities, and to prevent the tobacco industry from engaging in future
fraudulent and unlawful conduct. The court eventually ruled that the government could not
recover monetary damages, but did require the tobacco industry to engage in corrective
advertising, to stop deceptive labels including the terms “low tar” or “light”, and to submit to
judicial oversight.'" The RICO rulings are discussed in further detail in Chapter 2.

As a result, prior to the passing of the FSPTCA, tobacco regulation consisted of a
patchwork of policy and regulation from various sources of authority: federal law, state law, the
tobacco MSA, and RICO lawsuit rulings. These pieces of regulation were inadequate to address
major systemic causes of tobacco use and tobacco-related disease in American society.

" United States v. Philip Morris USA, Inc., et al., 449 F. Supp. 2d 1, 26 (D.D.C. 2006).
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BOX 1-1
Advertising, Promotion, and Marketing Restrictions Resulting from the Master Settlement
Agreement

Entered on November 23, 1998, the Tobacco Master Settlement Agreement placed restrictions
on tobacco product advertising, marketing, and promotion. The MSA:

¢ prohibited tobacco companies from targeting youth in the advertising, promotion, or
marketing of their products;

e banned the use of cartoons in advertising;

o limited each company to brand-name sponsorship of one sporting or cultural event a year,
excluding concerts, team sports, events with a significant youth audience, or events with
underage contestants;

e banned public transit advertising;

e banned outdoor billboard advertising, excluding billboard advertising for brand-name
sponsored events;

o limited advertising outside retail stores to signs no bigger than 14 square feet;

e banned company payments to promote tobacco products in various media, including movies
and TV;

e banned non-tobacco apparel with brand-name logos except at brand-name sponsored
events;

e banned gifts of non-tobacco items to youth in exchange for tobacco products;

e restricted the use of nationally recognized non-tobacco brand names for tobacco products;
and

¢ limited free samples of tobacco products to adult-only facilities.

SOURCE: Adapted from Congressional Research Service. 2009. FDA tobacco regulation: The Family
Smoking Prevention and Tobacco Control Act of 2009.

The need for comprehensive and systemic regulation of tobacco at a national level has
been recognized for many years. In 1994, the IOM stated that a comprehensive national tobacco
control strategy should include a regulatory component. The IOM recommended that “Congress
should enact legislation that delegates to an appropriate agency authority to regulate tobacco
products for the dual purposes of discouraging consumption and reducing the morbidity and
mortality associated with use of tobacco” (I0OM, 1994). In 2001, the IOM specifically addressed
the question of PREPs and recommended the development of a surveillance system and a
strengthened federal regulation of all modified tobacco products (IOM, 2001). In 2007, an IOM
report gave extensive and detailed recommendations for federal regulation, including the specific
recommendation that “Congress should confer upon the FDA broad regulatory authority over the
manufacture, distribution, marketing, and use of tobacco products” (IOM, 2007).
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FSPTCA OVERVIEW

The FSPTCA codified the recommendation from the 2007 IOM report, amending the
Food, Drug and Cosmetic (FD&C) Act to grant the FDA broad authority to regulate tobacco
products. Under the FSPTCA, a tobacco product is defined as, “any product made or derived
from tobacco that is intended for human consumption, including any component, part, or
accessory of a tobacco product (except for raw materials other than tobacco used in
manufacturing a component, part, or accessory of a tobacco product).” Under Section 301 of the
FD&C Act, any adulterated or misbranded product is prohibited from being introduced into
interstate commerce. Chapter IX articulates the definitions of adulterated or misbranded tobacco
products. Among other things, Chapter IX gives the FDA authority to regulate the sale,
distribution, labeling, and advertising of tobacco products, to set product standards, and to
require reporting and disclosure of tobacco product ingredients and components.

SECTION 911

This report provides advice to the FDA on the minimum scientific standards for studies
on MRTPs. Under Section 911 of the FSPTCA, the FDA is required to develop regulations or
guidance, in consultation with the IOM, on the evidence that product sponsors should submit in
filing an application to market an MRTP. This committee and the report adopt the definitions
used in the legislation (see Box 1-2) and also take into account the regulatory framework
established by the act in making any conclusions or recommendations.

Pursuant to the FSPTCA, no MRTP may be marketed without an order for sale from the
Secretary of the U.S. Department of Health and Human Services (HHS). Under the FSTPCA, an
MRTP is defined as any tobacco product that is sold or distributed for use to reduce harm or the
risk of tobacco-related disease. The FSPTCA also specifies that a product will be categorized as
an MRTP, and therefore be regulated under Section 911, if any labeling or advertising represents
implicitly or explicitly that a product is reduced in risk or harm, or is free of or contains a
reduced amount of a substance. Furthermore, any action that a tobacco product sponsor takes
directed towards consumers through the media that would be reasonably expected to result in
consumers believing a product is reduced in risk or exposure, or contains a reduced amount of a
substance, renders the product subject to regulation under Section 911. A product must also
obtain FDA approval to market or advertise the product using descriptors such as light, low,
mild, or other similar descriptors. Smokeless tobacco products are not considered an MRTP
solely because they use the word smokeless or other similar descriptors; if the smokeless tobacco
product sponsor wishes to make additional modified risk claims, then the product must first
apply for this claim. A product that is intended for tobacco cessation that is regulated by Chapter
V of the FD&C Act cannot be considered an MRTP (for further detail, see Box 1-2).

To obtain an order for the sale of any new product, or for a new modified risk claim on an
existing product, the manufacturer is required to submit an application to the FDA, which must
include comprehensive documentation about the intended advertising and labeling, conditions of
use, formulation, all documents relating to the products’ effect on health, and information on
how consumers actually use the product.
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Under the FSPTCA the Secretary may only issue an order for the sale of an MRTP if the
Secretary finds that the product that is the subject of the application meets one of two public
health standards: either (1) an empirically demonstrated Modified Risk claim, or (2) a Special
Rule for Certain Products claim, specifying a reduced exposure product. The determination of
whether an order is granted under either the Modified Risk standard or the Special Rule for
Certain Products must be based on scientific evidence submitted by the applicant.

BOX 1-2
Definitions and Historical Comparisons

Definition of MRTP from FSPTCA Section 911, Subsection (b), “Definitions”:

(1) MODIFIED RISK TOBACCO PRODUCT- The term “modified risk tobacco product” means any
tobacco product that is sold or distributed for use to reduce harm or the risk of tobacco-related
disease associated with commercially marketed tobacco products.

(2) SOLD OR DISTRIBUTED-

(A) IN GENERAL- With respect to a tobacco product, the term “sold or distributed for use to
reduce harm or the risk of tobacco-related disease associated with commercially marketed
tobacco products” means a tobacco product—

(i) the label, labeling, or advertising of which represents explicitly or implicitly that—

(1) the tobacco product presents a lower risk of tobacco-related disease or is less
harmful than one or more other commercially marketed tobacco products;

(I1) the tobacco product or its smoke contains a reduced level of a substance or
presents a reduced exposure to a substance; or
(1) the tobacco product or its smoke does not contain or is free of a substance;

(i) the label, labeling, or advertising of which uses the descriptors “light,” “mild,” or “low” or
similar descriptors; or

(iii) the tobacco product manufacturer of which has taken any action directed to consumers
through the media or otherwise, other than by means of the tobacco product’s label,
labeling, or advertising, after the date of enactment of the Family Smoking Prevention and
Tobacco Control Act, respecting the product that would be reasonably expected to result in
consumers believing that the tobacco product or its smoke may present a lower risk of
disease or is less harmful than one or more commercially marketed tobacco products, or
presents a reduced exposure to, or does not contain or is free of, a substance or
substances.

(B) LIMITATION- No tobacco product shall be considered to be “sold or distributed for use to
reduce harm or the risk of tobacco-related disease associated with commercially marketed
tobacco products,” except as described in subparagraph (A).

(C) SMOKELESS TOBACCO PRODUCT- No smokeless tobacco product shall be considered
to be “sold or distributed for use to reduce harm or the risk of tobacco-related disease
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associated with commercially marketed tobacco products” solely because its label, labeling, or
advertising uses the following phrases to describe such product and its use: “smokeless
tobacco,” “smokeless tobacco product,” “not consumed by smoking,” ‘does not produce smoke,”
“smokefree,” “smoke-free,” “without smoke,” “no smoke,” or “not smoke.”*

Subsection (c) “Tobacco Dependence Products:”

A product that is intended to be used for the treatment of tobacco dependence, including smoking
cessation, is not a modified risk tobacco product under this section if it has been approved as a drug
or device by the Food and Drug Administration and is subject to the requirements of Chapter V.

From Clearing the Smoke: Assessing the Science Base for Tobacco Harm Reduction
The etymology of the term “Potential reduced-exposure products” or “PREP”:

Many tobacco and cigarette-like products have been introduced in the distant and recent past that
do, under measurement systems such as the smoking machine, result in decreased emission of
some toxicants compared to conventional products. These products could, therefore, potentially,
results in reduced exposure to toxicants. The committee uses “potentially,” because whether
exposure to tobacco toxicants is reduced depends on the user’s behavior, such as frequency and
intensity of use. Reduced exposure, however, does not necessarily assure reduced risk to the user
or reduced harm to the population. Therefore, and in order to avoid misinterpretation, the committee
will use the generic phrase “potential reduced-exposure products,” or PREPs, when discussing
modified tobacco products, cigarette-like products (whether tobacco containing or not) developed
for their tobacco harm reduction potential (IOM, 2001).

Comparison of “PREPs” and “MRTPs”

The term PREPs is not used by the committee and will not be included in this report. The term
“PREPs” was coined in Clearing the Smoke to describe a category of products that theoretically
could be used for tobacco harm reduction. While the term “PREPs” has been adopted within the
academic literature following Clearing the Smoke, the passing of the FSPTCA has created a
statutory definition that relates to PREPs. PREPs might be understood as a category of potential
MRTPs that have not yet been shown to reduce exposure or risk. The task of this committee is
essentially to advise the FDA in identifying scientific standards for studies to produce evidence
showing that a PREP actually does reduce exposure, harm to users, and can protect public health.
An MRTP may be thought of as a PREP that has been validated according to standards set in the
FSPTCA and by the judgment of the FDA.

To issue an order pursuant to the Modified Risk standard, the Secretary must find that the
applicant has demonstrated that the product, as actually used by consumers, will (1) significantly
reduce harm and the risk of tobacco-related disease to individual tobacco users, and (2) benefit
the health of the population as a whole, taking into account both users and nonusers of the
product. Under the Modified Risk standard, the orders expire after a time specified within the
order.

21t should be noted that some products, including some existing smokeless tobacco products, may be marketed
without an order if they do not make a reduced risk or exposure claim. Products that do not make a claim or
representation of reduced risk or exposure are not subject to regulation under section 911, and are not addressed in
this report.
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Under the Special Rule for Certain Products, the Secretary may issue an order for the sale
of a reduced-exposure product for which there is inadequate long-term epidemiologic data to
support a finding under the Modified Risk standard. The specific conditions that must be met for
approval under the Special Rule for Certain Products are outlined in Sec. 911(g)(2). Orders
granted under the Special Rule for Certain Products, cannot last longer than 5 years.

The law also specifies public health considerations that the Secretary must take into
account when evaluating whether to issue an order, either under the Modified Risk standard or
the Special Rule for Certain Products. These considerations are outlined in Section 911(g)(4),
and include the health risks to individual current users, the likelihood that users will quit or that
nonusers will start using the product, and the risks compared to cessation products.

If an order is approved, product sponsors are required to comply with certain conditions
for marketing, as well as requirements to conduct postmarket surveillance and studies of the
product to determine the impact of the order on consumer perception, behavior, and health.
Results of the postmarket surveillance and studies must be submitted to the Secretary annually.
Additionally, the Secretary can withdraw authorization, after an opportunity for hearing, if the
product sponsors either fail to fulfill their obligations under the law, or if new evidence
demonstrates that marketing of the product is not consistent with protecting the public’s health.

COMPARISON OF REGULATORY FRAMEWORKS

The statutory framework established by the FSPTCA for regulation of MRTPs shares
certain similarities with the existing regulatory frameworks for pharmaceuticals, biologics, and
devices. For instance, the power of the FDA to inspect facilities and records, to require record
keeping and reporting of data on health effects, and to require good manufacturing practices are
generally consistent. In particular, all potential MRTPs must undergo a premarket approval
process similar to new drugs and high-risk devices. However, tobacco products, including
MRTPs, are fundamentally different than other products regulated by the FDA: tobacco products
are inherently hazardous, addictive products. As a result, there are several significant differences
in the regulatory standards and requirements established by the FSPTCA that are worth mention.

First, the standard to issue an order for the marketing of an MRTP is a public health
standard. According to the FSPTCA, the Secretary’s actions regarding tobacco products, such as
setting product standards or restricting sales of certain products and advertising, must be based
on a finding that the action is “appropriate for the protection of public health.” In Section 911 the
law specifies that the Secretary must take into account the effect of the product on nonusers
when evaluating whether to issue an order for the sale of an MRTP."? The law also requires the
Secretary take into account the increased or decreased likelihood of tobacco users quitting and
non-users initiating, and the risks and benefits compared to other smoking cessation products.

This public health standard is a significant departure from the standards for drugs and
devices. Generally, to obtain approval, drug and devices must be shown to be “safe and
effective” for the individual research participant or consumer. In contrast, MRTPs are potentially
hazardous to the user and are never truly “safe” or “effective” in the sense that the product will
improve health of the user. The rationale for issuing an order for the sale of MRTP is not that the

" 911(g)(1)(b) and 911(g)(2)(B)(4).
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products are safe and may improve health for individual users, but rather, that marketing the
products may reduce the overall negative health effects in a population. To obtain an order to sell
an MRTP, an MRTP candidate sponsor must demonstrate to the FDA that the overall burden of
tobacco-related disease and death will be lower with the MRTP on the market than if it were not
on the market.

Second, product sponsors are required as a condition of obtaining an order to market an
MRTP, to conduct postmarket studies and surveillance, and to report the data to the FDA
annually. In contrast, at this point in time, drug and device manufacturers are generally not
required to conduct postmarket studies of their products as an obligatory condition of approval.

Third, orders for the marketing of an MRTP must expire, and manufacturers must reapply
for additional orders to allow for the ongoing sale of a product. MRTPs granted orders to market
under the Special Rule for Certain Products are given a maximum of 5 years, while the terms of
the orders granted under the Modified Risk standard are unspecified by the law. Following the
expiration of an order, MRTP sponsors may obtain a renewal based on the filing of a new
application. In contrast, drug and device sponsors do not have to reapply and essentially repeat
the premarket approval process after a specified period of time.

BURDEN OF PROOF

The Secretary’s decisions on whether an action will be appropriate for the protection of
public health must be based on scientific evidence. According to the FSPTCA, a determination to
allow for the marketing of an MRTP can be based on scientific evidence submitted by the
product sponsor and on other scientific evidence made available to the Secretary.

The committee maintains that the burden of proof rests on the applicant. That is, the
product sponsor that is applying for an order to market an MRTP bears the responsibility of
producing evidence in support of an application, including the evidence necessary to demonstrate
that an order is appropriate for the protection of public health. Without evidence, the Secretary
cannot determine that issuing an order for the sale of an MRTP is appropriate for the protection
of public health.

COMMITTEE CHARGE AND STATEMENT OF TASK

Origin of Task

In Section 911(1)(2) of the FSPTCA, Congress specifies that regulations and guidance on
the scientific evidence required for the assessment and review of applications for a modified risk
claim for a tobacco product must be developed in consultation with the IOM. The law states:

The regulations or guidance issued under paragraph (1) shall be developed in
consultation with the Institute of Medicine, and with input of other appropriate
scientific and medical experts, on the design and conduct of such studies and
surveillance.

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Scientific Standards for Studies on Modified Risk Tobacco Products

36 SCIENTIFIC STANDARDS FOR STUDIES ON MODIFIED RISK TOBACCO PRODUCTS

Statement of Task

Pursuant to the legislation, the FDA Center for Tobacco Products (CTP) engaged the
IOM to advise the agency. In discussing the scope of the report, the CTP and the IOM agreed
that the committee would address premarket and postmarket studies in support of MRTPs, and
that postmarket surveillance would be excluded from the report to maintain appropriate focus
and depth within the study time frame (see Box 1-3).

Scope of Task

The committee’s interpretation of the task was informed by the text of the legislation and
by input from the project sponsor in a public meeting. The law specifically states that regulation
or guidance shall be developed in consultation with the IOM on both the design and conduct of
studies. As such, the committee found authority to address not only issues concerning research
methods and scientific standards, but also issues concerning research conduct and governance.

The CTP also provided direction about the task to the committee during an open session
of the first committee meeting. In a presentation to the committee, CTP Director, Dr. Lawrence
Deyton, emphasized that the committee should advise CTP on the “types and characteristics” of
evidence needed to evaluate an application for an order to market an MRTP. The Director also
specifically reminded the committee that it must take into account the population health
regulatory standard described in the law. Finally, Dr. Deyton described tasks that he regarded as
outside the committee’s charge. Specifically, he indicated that he did not expect the committee
to:

e assess the evidence for any particular products;

e opine on whether any tobacco products or classes of products are potential candidates
for modified risk determination;

e offer regulatory principles;

e define or recommend a conceptual or regulatory framework for modified risk
assessment; and

e define terms from the act, such as “reasonably likely” or “measurable and substantial
reduction.”

BOX 1-3
Statement of Task

The Institute of Medicine will establish a committee of 15 public health and medical
experts to advise the Food and Drug Administration on the minimum standards for scientific
studies to support the marketing of modified risk tobacco products and for post market studies
of approved products.
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The statutory mandate and the limits articulated by the sponsor presented a challenge to
the committee. On one hand, the law clearly placed the conduct of scientific studies within the
scope of the IOM’s task; on the other hand, the director indicated that the committee should not
address regulatory principles. Furthermore, the state of tobacco science and regulation was well
developed, with a significant existing body of literature on the evaluation and regulation of
tobacco. As such, the committee concluded it would be inefficient and unproductive to simply
reiterate basic scientific principles and review existing literature on tobacco. Accordingly, the
committee sought to provide insight and direction to CTP without usurping the judgments that
should be left to the agency and the Secretary.

COMMITTEE PROCESS

With this task in mind, the IOM convened a committee of 15 experts. The committee
conducted five meetings between February and September 2011. During these meetings,
committee members heard from a wide variety of experts and stakeholders, including individuals
representing the tobacco industry, researchers, public health experts and advocates, and
government. The committee also extensively reviewed literature including original peer-
reviewed research articles and published reports. In the course of deliberations, the committee
commissioned work from and consulted with external experts to gain additional expertise.

OVERVIEW OF THE REPORT

This report is organized into six chapters. Chapter 2 discusses the standards for
governance and the conduct of studies that are necessary to produce reliable and credible data to
support a tobacco product’s application for a modified risk claim. Chapters 3 through 5 then
address the types and designs of studies available to assess these products’ impact on an
individual’s health and on the population’s health. Chapter 3 discusses studies on the health
effects of the products, such as product composition, biomarkers, preclinical studies, clinical
studies, and epidemiologic studies. Chapter 4 reviews the research methods to study the
addictive potential of the product. This information provides evidence on the implications for
human behavior patterns and public health risks. Chapter 5 outlines the standards for studies
needed to address both consumer and nonconsumer risk perceptions and communication
surrounding modified products. Issues of participant recruitment, measurement, and data analysis
are also detailed in Chapter 5. In the final chapter, Chapter 6, the committee discusses the
integration of these various classes of evidence required for informed decision making by the
FDA. The committee presents their overarching findings and recommendations at the end of
Chapter 6.
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2

Governance and Conduct of Studies

Under subsection (1) paragraph (2), the Family Smoking Prevention and Tobacco Control
Act of 2009 (FSPTCA)' specifically directs the Food and Drug Administration (FDA) to develop
regulations or guidance in consultation with the Institute of Medicine (IOM) “on the design and
conduct of such studies and surveillance” (emphasis added). The specific requirement to advise
the FDA on guidance and regulation for the conduct of studies is significant, as conduct
encompasses more than sound study design and research methods.

A proper study design can produce meaningful results, while an improper study design
produces meaningless data. In contrast, the improper conduct of scientific studies may
encompass not only poor study design and execution, but also unethical or illegal activity.
Consequences of improper conduct, such as the falsification, manipulation, or destruction of
research findings, not only result in a loss of trust and credibility, but they can also result in
significant harm. It is critical that all data submitted in support of modified risk tobacco product
(MRTP) applications are developed, generated, analyzed, and presented in a way that protects
and maximizes credibility, scientific rigor, and public trust.

The mandate to advise the FDA on the conduct of studies was viewed as particularly
important by the committee, given the history of the tobacco industry’s efforts to obscure the true
health effects of smoking. While the industry currently acknowledges the health risks of
smoking, this history continues to affect the legitimacy of self-sponsored research associated
with their products. To provide confidence in the face of the history of tobacco industry-
sponsored and tobacco industry-conducted research, additional measures may be required
beyond what otherwise might be expected of industries.

The mandate to advise to the FDA on the conduct of studies presented a unique challenge
to the committee. The committee concluded that it would be neither helpful nor adequate to
simply rearticulate minimum standards for research conduct; the basic standards for the ethically
and socially responsible conduct of science are well established. The committee felt strongly that
mechanisms to enforce or otherwise affirm minimum standards for the conduct of studies should
be addressed, and would be of much greater relevance to the FDA. As such, in this chapter the
committee addresses not only the principles for ethical and proper conduct of research, but the
governance mechanisms to ensure the ethical and proper conduct of research as well.

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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This chapter begins with a brief retelling of the history of tobacco research. The next
section explores how the absence of governance and a history of improper conduct have resulted
in a situation where the tobacco industry currently lacks the ability to independently produce and
disseminate comprehensive and credible data about tobacco products. The chapter concludes
with a discussion of one or more independent organizations that may be needed for the
governance of tobacco industry studies in support of applications to market MRTPs.

HISTORY OF SCIENTIFIC RESEARCH FUNDED OR CONDUCTED BY THE
TOBACCO INDUSTRY

To provide proper context for the committee’s recommendations regarding the design
and conduct of studies to support the marketing of MRTPs, it is necessary to briefly review the
history of, and lessons learned from, research conducted, funded, or supported by the tobacco
industry and its affiliate organizations. An earlier report from the IOM provides a more thorough
review of the history of tobacco harm reduction approaches and products (IOM, 2001), so the
current section is designed to briefly review the major issues.

Historical Overview of Tobacco Harm Reduction

The issue of reducing the harm associated with tobacco use emerged very early in the
growth of the cigarette market in the United States. In the 1930s and 1940s, before smoking-
related health effects began to be widely publicized, a prominent focus of advertising campaigns
was irritation, which served as a proxy for health concerns as it was linked to prevalent theories
of cancer (Kozlowski and O'Connor, 2010). The mentholated cigarette brand “Kool” was
marketed in ways that highlighted the “soothing” properties and claimed to help ease cold
symptoms (Sutton and Robinson, 2004). After the publication of epidemiologic evidence of the
harms of cigarette smoking (Doll and Hill, 1950, 1952, 1954; Wynder and Graham, 1950),
filtered cigarettes were heavily promoted to smokers to allay health concerns. This resulted in the
so called “tar derby” where manufacturers competed to win customers on the basis of lower
reported tar and nicotine in cigarettes (Hoffmann and Hoffmann, 1997). On July 18, 1957, John
Blatnik led 6 days of Congressional hearings on filtered cigarette advertising,” the first of its kind
in exploring the marketing of tobacco products (Harris, 2011). These hearings revealed that
much of this marketing was fallacious, in that filters were largely ineffective, and that tar and
nicotine numbers were largely incomparable between brands because manufacturers used
different testing methods. The Federal Trade Commission (FTC) and the industry came to an
agreement to not use tar and nicotine numbers in advertising in 1960, and themes in cigarette
advertising turned more toward lifestyle and imagery (Kozlowski and O'Connor, 2010). By the
1960s, the cigarette market had shifted toward filtered brands.

The demonstration that cigarette tar could induce cancer in animal models resulted in the
identification of tar as the primary aspect of concern (Wynder et al., 1953). This led to a
widespread belief that reducing exposure to “tars” and nicotine would mitigate some of the
associated health risks. Early epidemiologic findings appeared to support this view, inasmuch as
those who used filtered brands were somewhat less likely to develop lung cancer (Wynder and

2 U.S. Congress, House of Representatives. Subcommittee of the Committee on Government Operations. False and
misleading advertising (filter-tip cigarettes). 85th Cong., 1st Sess. July 18-26, 1957.
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Stellman, 1979). At the time, however, it was not broadly accepted that smoking was driven by
nicotine addiction, nor that smokers might adjust their smoking behaviors to maintain their
accustomed nicotine doses (NCI, 2001). In the early 1960s, the FTC began working with
industry to refine a test method to compare brands, and this was implemented beginning in 1964
(NCI, 1997). Many public health advocates and institutions, including the National Cancer
Institute (NCI), believed that publicizing tar values and switching to lower tar cigarettes would
generate a public health gain (Hoffmann and Hoffmann, 1997). Tragically, rather than
decreasing disease risk, the use of these products likely had a profoundly negative effect on the
public’s health (NCI, 2001).

In 1968, in response to calls for greater attention to the problem of lung cancer associated
with smoking, the NCI established the Tobacco Working Group, an advisory group to establish a
research agenda on the development of less hazardous cigarettes (Parascandola, 2005a, 2005b).
This working group comprised members from government, academia, and the tobacco industry.
From 1968 through about 1980, the Smoking and Health Program spent over $50 million in
research, 74 percent of which was directed toward chemical and biological assays of cigarette
prototypes (Parascandola, 2005a). Documents revealed that the industry members of the working

group helped to set research priorities and steer research findings and reporting (Parascandola,
2005b).

Internal tobacco industry documents provided insight into the industry’s knowledge of
the relationships between cigarette smoking behaviors and cigarette design. The industry’s
greater knowledge of human smoking behavior allowed for the design of “elastic” products, from
which different amounts of smoke (and nicotine) could be extracted to satisfy consumer needs
(Hammond et al., 2006; Kozlowski and O'Connor, 2002). Tobacco companies used many
techniques to continue the appearance of relatively healthier cigarettes (Pollay and Dewhirst,
2002). Product features intending to lower toxin yields, as measured by the FTC machine,
included air dilution and the reduction of tobacco density (NCI, 2001). The dilution of
mainstream smoke by air could be accomplished in a number of ways, including increased paper
porosity and diffusivity, porous tipping, and the inclusion of ventilation holes in the filter. These
features acted to increase burn rate and to reduce the concentration of smoke taken at the tip. The
reduction of tobacco density was achieved though engineered tobaccos, such as “expanded”
tobacco, which was essentially “puffed” using gases to decrease density. This modification was
advantageous for tobacco companies because less dense cigarettes burn more quickly when left
in smoking machines, meaning that the measured tar yields were reduced by virtue of decreasing
the number of puffs taken. Filter ventilation, however, was the key feature that drove cigarette
elasticity. Ventilation holes were often placed in locations that are likely covered by the
smoker’s lips or fingers. Because they also acted to cool smoke and reduce the puff
concentration, they also served to make the smoke taste and feel lighter to the smoker
(Kozlowski and O'Connor, 2002). Finally, the inclusion of ventilation holes reduced resistance to
draw, which in turn made it easier for smokers to draw more smoke from the cigarette for a
given amount of puffing effort (Kozlowski and O'Connor, 2002; NCI, 2001). Some products
were explicitly designed to be highly elastic, including the product Barclay, introduced by
Brown & Williamson in the early 1980s. The filter design used grooved air channels that made it
very easy for smokers to compensate, while giving very low yield for tar, nicotine, and carbon
monoxide. The FTC eventually ruled the FTC method did not accurately measure the brand’s
delivery (Kozlowski et al., 2005).
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Initially, lower-tar cigarettes were marketed as distinct brands. However, this changed
when Philip Morris introduced Marlboro Lights in 1972, beginning a broad trend toward product
line extensions (Pollay and Dewhirst, 2002). Line extensions carried associations with the parent
brand (e.g., taste, quality), and likely attracted more smokers to switch to lower-tar cigarettes.
The history of light and low-tar cigarettes shows that tobacco harm reduction research—despite
its potential reduced risk—deserves careful and unique considerations, as the migration of
smokers towards lower yield cigarettes has not improved either the health of individuals nor the
public (Harris et al., 2004; NCI, 2001; Thun and Burns, 2001).

In the 1980s, industry research and development turned toward more radical
reengineering of products, in part as a result of rising litigation risk and in response to a growing
smoke-free environments movement. In 1989, R.J. Reynolds introduced Premier, which it
claimed as a smokeless cigarette. This product was withdrawn and later reengineered as Eclipse,
which continued to be sold until 2008. Philip Morris tested various versions of an electrically
heated cigarette smoking system, which used an external heating element to heat tobacco on
specially designed cigarettes to produce smoke. The Accord, the first such system, was
introduced in 1990, and the most recent incarnation was the Heatbar, tested by Philip Morris
International in Switzerland from 2006—-2009. Other approaches focused on applying technology
to selectively reduce toxicants in traditional cigarette designs (e.g., Advance, Marlboro
UltraSmooth, and Omni).

Early in the 2000s, evidence began to emerge from Sweden that showed dramatic
reductions in smoking-related disease coincident with a rise in the use of snus, a form of moist
smokeless tobacco (Foulds et al., 2003; Henningfield and Fagerstrom, 2001). Snus, as produced
in Sweden, was regulated as a food product and thus subject to quality controls that led
manufacturers to reduce levels of toxicants such as nitrosamines and heavy metals. These data
encouraged some in tobacco control that harm reduction was possible if smokers could be
convinced to adopt use of smokeless tobacco (Kozlowski, 2007), while others raised serious
concerns about unintended consequences (Tomar et al., 2009). This message was seized upon in
the United States, where smoke-free restrictions were growing, and existing smokeless tobacco
companies began to aggressively court smokers. By 2009, the two major smokeless tobacco
companies—Conwood Sales Company, LLC, and U.S. Smokeless Tobacco Company—had been
purchased by the leading cigarette manufacturers (R.J. Reynolds Tobacco Company and Philip
Morris, respectively), horizontally integrating the tobacco market. Both companies introduced
forms of snus into the U.S. market, carrying cigarette brand names (Marlboro and Camel).

Other tobacco products have also been promoted as having potential for harm reduction.
In 2001, Star Scientific introduced dissolvable tobacco products (Ariva and later Stonewall),
lozenges made from powered tobacco that would be used orally and disintegrate. In 2009, R.J.
Reynolds followed suit with Camel Strips, Sticks, and Orbs, all different configurations of
dissolvable tobacco. In 2006, electronic nicotine delivery systems (commonly referred to as e-
cigarettes) emerged; these products have a physical form that resemble a traditional cigarette, but
they use electrical heating elements to vaporize a nicotine containing glycerol solution. Some
scientists have suggested these products hold promise for harm reduction, if subject to proper
testing, regulation, and quality control (Etter et al., 2011).
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Scientific Research Conducted, Funded, or Supported by the Tobacco Industry

In examining scientific standards for the design and conduct of studies related to MRTPs,
an additional relevant consideration is the past behavior of the newly regulated industry.
Cigarette manufacturers stated for over six decades, either implicitly or explicitly, that cigarettes
were not dangerous to health (Cummings et al., 2002; Cummings, 2003). However, industry
officials and tobacco scientists were aware of smoking’s relationship to cancer risks as early as
the 1940s, with broad internal acceptance seen by the late 1950s (Cummings et al., 2007). The
wide discrepancy between internal knowledge and public posturing required efforts to maintain a
perception among the general public and policy makers that scientific controversy still
surrounded the relationship between smoking and health, and scientific research was essential to
this.

Like most industries, tobacco manufacturers have maintained significant research and
development arms, with a significant portion focused on product development and testing. Much
of this was directed toward optimizing products in terms of taste and nicotine delivery (Carpenter
et al., 2007; Cook et al., 2003; Harris, 2011; Hurt and Robertson, 1998; Megerdichian et al.,
2007; Wayne et al., 2004). However, the tobacco industry has also engaged in health-relevant
research on its products, including nicotine self-administration (DeNoble and Mele, 2006),
mental illness (Hirshbein, 2011), and the composition and toxicity of secondhand smoke (Schick
and Glantz, 2007a). Philip Morris determined that cigarette filters released inhalable fibers, yet
never reported this to consumers (Pauly et al., 2002). Documents reveal that lawyers exerted
considerable control over internal research, primarily to guard against product liability lawsuits
(Hanauer et al., 1995). Industry scientists did publish selected internal research, sometimes in the
form of monographs or conference proceedings (Dunn, 1973; International Smoking Behaviour
Conference and Raymond E. Thornton, 1978), and toxicological and chemical research was
often published over the years. In addition to the recognized tobacco-specific journals Tobacco
Science and Beitraige zur Tabakforschung (Contributions to Tobacco Research), tobacco
industry scientists and consultants served on editorial boards of a number of scientific journals,
including Indoor and Built Environment, Inhalation Toxicology, Regulatory Toxicology and
Pharmacology, Mutagenesis, and the Journal of Clinical Epidemiology (Bitton et al., 2005;
Garne et al., 2005).

A number of companies also sponsored external research, and a review of documents
found that tobacco industry lawyers, rather than scientific merit, heavily influenced the selection
of external research programs with the intent to improve public relations, divert public focus
away from the negative health consequences of tobacco use, and influence policy (Bero et al.,
1995). The tobacco industry’s scientific consulting program on secondhand smoke was largely
attorney managed and intended to sway public opinion, but it also influenced funded scientists in
terms of how they could express their research in public debates and conferences (Muggli et al.,
2003). Further analyses of documents show a 40-year effort by Philip Morris USA to fund and
influence the work of Dr. Ernst Wynder, a highly respected researcher on smoking and health
(Fields and Chapman, 2003). The industry sought to fund research into alternative explanations
of smoking-health links, including genetics (Gundle et al., 2010), stress (Landman et al., 2008;
Petticrew and Lee, 2011), personality factors (Eysenck, 1991), and environmental pollution.
Cataldo et al. (2010) describe industry efforts to gain control of the Framingham heart health
cohort study by funding its principal investigator, so as to gain access to the dataset to produce
favorable reanalyses questioning the link between smoking and heart disease. Research on
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secondhand smoke and health was designed and analyzed so as to achieve favorable conclusions
(Barnes et al., 2006; Neilsen and Glantz, 2004; Ong and Glantz, 2000; Schick and Glantz, 2005;
Tong et al., 2005; Yano, 2005). Other studies have shown that research funded by industry
tended to come to different conclusions about secondhand smoke health effects (Barnes and
Bero, 1998) and the economic impacts of smoking restrictions (Scollo et al., 2003).

The Tobacco Industry Research Committee, which was created in 1954 in response to
emerging evidence of smoking-related cancer risks, later subdivided into the Council for
Tobacco Research (CTR), which funded research, and the Tobacco Institute (TT), which focused
on lobbying and communications. While the CTR existed, nominally, to fund independent
research into smoking and health, it was part of the broader public relations approach to
questioning the validity of smoking-health links. Internal documents show that the organization
was controlled by industry lawyers and funded special projects to favored scientists who would
reliably cast doubt on smoking-disease claims (Bero et al., 1995). Similarly, the Center for
Indoor Air Research (CIAR), organized in 1988, funded external peer-reviewed research as well
as special projects. CIAR was formed in response to growing calls to limit indoor smoking, and
in particular the 1986 Surgeon General’s report on involuntary smoking. Barnes and Bero (1996)
examined the CIAR’s project portfolio and showed that while 70 percent of the peer-reviewed
projects were on topics not related to secondhand smoke, 63 percent of the special projects were
related to secondhand smoke. Furthermore, while only 2 percent of the peer-reviewed projects
had what could be termed “pro-industry” conclusions, the special projects showed 29 percent in
favor of industry (Barnes and Bero, 1996). The industry also supported the Associates for
Research into the Science of Enjoyment (ARISE), an organization created in 1988 in direct
response to the classification of nicotine as an addictive drug by the U.S. Surgeon General
(Landman et al., 2008; Smith, 2006). ARISE aimed to tout the health benefits of the use of legal
substances such as tobacco in terms of stress relief and performance enhancement, and received
over 90 percent of its support from the tobacco industry. While ARISE did not sponsor research,
it did organize symposia, conferences, and publications that served to disseminate its members
research (many of whom were funded by the tobacco industry). The Master Settlement
Agreement dissolved TI, CTR, and CIAR in 1998.

Racketeer Influenced and Corrupt Organizations (RICO) Findings

In 1999, the federal government filed against the tobacco industry (Phillip Morris USA,
R.J. Reynolds, Brown & Williamson, British American Tobacco, Lorillard, and Liggett) for
violating the Racketeer Influenced and Corrupt Organizations (RICO) Act. District Judge Gladys
Kessler stated in her 2006 findings of fact that the tobacco companies “conspired together to
violate the substantive provisions of RICO.” A key element furthering the conspiracy was the
coordination of research activities (such as those described above) designed to cast doubt on the
health risks of smoking. Kessler noted in the findings of fact that

Defendants attempted to and, at times, did prevent/stop ongoing research, hide
existing research, and destroy sensitive documents in order to protect their public
positions on smoking and health, avoid or limit liability for smoking and health-
related claims in litigation, and prevent regulatory limitations on the cigarette
industry.’

? United States v. Philip Morris USA, Inc., et al., 449 F. Supp. 2d 1, 26 (D.D.C. 2006).
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While the government was not permitted to recover monetary damages (disgorgement of
illegal profits, which were estimated at $280 billion), the defendants were ordered to engage in
corrective advertising, remove misleading labels from products, and submit to judicial oversight.
The ruling has survived several levels of appeal. Most recently, Philip Morris et al., have argued
that FDA regulation is a sufficient deterrent to future violations, and thus the RICO case should
be vacated. In a recent opinion, Judge Kessler noted that FDA regulation was unlikely to deter
defendants’ future bad acts because they were vigorously fighting the regulations via other court
cases and regulatory challenges.”

Conclusions on Scientific Research Funded or Conducted by the Tobacco Industry

The history of research conducted, funded, or supported by the tobacco industry is not
raised to be retributive or punitive, but simply to acknowledge that past actions reflect on the
credibility of the industry’s current research, which may pose a problem for regulators,
particularly in the contentious area of MRTPs.

An additional concern is that any perception of cavalier attitudes to tobacco research may
tarnish the reputation of the FDA itself. The tobacco control statute places a high-capacity and
historically well-trusted agency in the practice of regulating a commodity quite different from
the products historically under its purview. The FDA catries a near-unique stature in the degree
of public trust it has received, and there are plausible reasons to believe that this reservoir of
public trust has imparted stability to the agency and has rendered its difficult combination of
tasks easier (Carpenter, 2010).

If data generated for the FDA by tobacco companies is perceived to lack credibility, the
FDA could in general, and the Center for Tobacco Products (CTP) could in particular, find its
reputation, its scientific credibility, and its public trust severely compromised and perhaps
irreversibly damaged. This reputational damage to the FDA and to public health institutions is a
critical issue. Concerns about problematic data have surfaced occasionally in the past with the
pharmaceutical industry; there is little reason to think that such scandals will not arise with the
tobacco industry. Yet given any scandal, the consequences of the perception that the FDA and
the CTP wrongly trusted tobacco industry claims will be far worse in terms of public, scientific,
and legislative credibility.

These concerns are not isolated; similar concerns have been raised by the National
Advisory Council on Drug Abuse (NACDA). In providing guidance to the National Institute on
Drug Abuse (NIDA) about providing research funding to potential grantees who also receive
money from the tobacco industry, the NACDA made several points to consider, including that
receiving funding from the tobacco industry could compromise perceived objectivity and
credibility of research, and that “any connection between tobacco industry supported research (or
tobacco industry scientists) and NIDA could negatively impact NIDA’s credibility and the
public’s trust in NIDA funded research” (NIDA, 2011).

* United States v. Phillip Morris, Inc. 2011 U.S. Dist. (D.D.C., June 22, 2011).
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RELEVANCE OF THIRD-PARTY GOVERNANCE

The conduct of tobacco product research presents a case that is unique from other FDA-
regulated commodities. First, there is profound public distrust in both the tobacco industry and in
the research it sponsors. Since the 1960s, public trust in tobacco companies has been at historical
lows compared to virtually all other institutions or industries (American Legacy Foundation,
2004; Ashley and Cohen, 2003; Harris Interactive, 2004; NCI, 2008), and these patterns have not
abated in recent years (Harris Interactive, 2010). Prior to the FSPTCA, commercial tobacco
products were not regulated by the FDA (White et al., 2007). As a result, compared to other
industries that develop products also requiring premarket approval (the drug and device
industries), the tobacco industry does not possess, and will not possess for some time to come,
the same degree of organization; accepted measures, methods, and models; and routine
involvement and consultation of qualified experts.

The fundamental problem that confronts the FDA is a critical shortage of credible and
reliable evidence about the effects of MRTPs. The history of public distrust and the absence of
governance in the tobacco industry have created an isolated industry that lacks not only the
expertise to produce the necessary range of credible and reliable data, but it also lacks the
trustworthiness to acquire external expertise and avenues to disseminate acquired data. The
committee also recognizes that other industries, including the pharmaceutical and device
industries, may develop and sponsor MRTP candidates, and while these institutions should also
be held to high standards for the design and conduct of studies, they may not have to overcome
the same hurdles in maintaining or restoring credibility to their research.

Role of Governance in Sustaining Credibility in Tobacco Industry Research

The idea that research on commercial products that carry public health risks should be
supervised, funded, or structured by independent entities has important precedents and models
(Marks, 1997). When pharmaceutical and medical product companies engage universities,
medical schools, or research hospitals to conduct research, the institutions conducting the
research studies contractually embed research autonomy into the funding arrangements, and all
such studies in human subjects are approved by institutional review boards (IRBs) before they
commence. So too, human subjects research is overseen by the National Institutes of Health, the
Office of Human Subjects Research of the Public Health Service, and the FDA itself. This is true
of all researchers receiving public funds and those conducting research on an FDA-regulated
product (FDA, 2010; HHS, 2009; White et al., 2007). Academic and medical journals also
exercise a gatekeeping and oversight role for clinical research with human subjects.

The production of reliable and credible data depends upon building rigor, oversight, and
independence into the entire research process. It is well recognized that data problems often
cannot be detected after study completion; therefore, integrity and accountability need to be built
into the research throughout the study’s execution. For balanced and rigorous evaluation of data
in support of any marketing application, the FDA has traditionally expected or required
independent oversight. Unlike the tobacco industry, clinical research models in the
pharmaceutical industry were developed in academic medicine and pharmacology circles in the
20th century, with significant input from pharmaceutical industry partnerships, which had from
the 1940s onward sought pharmacological, statistical, and other medical expertise for the
improvement of their experimental methods (Marks, 1997). Various officials and bureaus of the
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FDA itself also participated in the modernization of the research paradigm in pharmaceuticals,
either through regulation or through advisory or participatory roles (Carpenter, 2010). The
credibility of data in support of new pharmaceutical products or medical devices is, in other
words, supported by a national and global infrastructure of research that has taken decades to
evolve, and even now it is not free of problems.

The FSPTCA places the CTP in a difficult position. The center will now be regulating
tobacco companies as product sponsors, without the long-run institutional knowledge of these
companies that is gained through decades of regulation and oversight. There is not an established
set of regulatory practices for the review of MRTPs, nor is there an established set of federal
research standards for the design, conduct, analysis, monitoring, and completion of studies in
support of MRTPs. Development of the “clinical trial” industry for MRTPs is, in a sense, being
initiated in the next few years, as current tobacco industry practices suggest a degree of
immaturity in the development of methods, measures, and standards (Rees et al., 2009).

While industry- and company-sponsored studies were very common, they have been
largely unregulated in the way pharmaceutical trials have been, and they lack the same level of
oversight, governance, and rigor. A related point is that as major academic journals increasingly
refuse to publish tobacco industry-funded research, they do not provide their traditional
gatekeeping or oversight role via peer review. This hypothesis gains credence from studies of
tobacco industry research, including research done by some of the largest and most established
companies, where independent researchers have found significant problems with governance. In
one examination of over 73 different studies with human subjects conducted by R.J. Reynolds
from 1985 to 2000, White et al. (2007) reported that “in all 73 studies, [informed] consent
procedures failed to meet five or more human subjects research standards” (emphasis added).
Although R.J. Reynolds formed a human subjects review committee in 1985, the authors
conclude that “the committee’s structure and procedures did not meet generally accepted
practices of the time regarding community representation, written procedures for adverse events,
and other factors” (White et al., 2007).

Similarly, in a December 2009 review of industry research on potential reduced-exposure
products (PREPs), Rees et al. (2009) suggests that the industry is catching up to clinical
methodology standards now broadly accepted in the academic and medical realms. Basic good
research practices such as documentation of data and analysis appear to be lacking from internal
industry records, as well as cutting-edge methods of trial design, adaptation of design to
hypothesis, and statistical analysis (Rees et al., 2009). Furthermore, switching paradigms that
accommodate dual use of a PREP and conventional product, and switching to nicotine
replacement therapy or cessation were not observed (Rees et al., 2009). As PREP assessment
methods continue to be refined, such methods have become increasingly important to
independent investigators. Clinical trial methods need to reflect real-life use patterns within the
context of a research study, including ad libitum use of a PREP alone or in combination with
conventional products, as well as employment of rigorous controls such as nicotine replacement
therapy or forced switching conditions. Perhaps the narrow objective of demonstrating reduced
exposure risk compared with a conventional product in support of product claims has constrained
the scope of clinical research methods used by the industry.

Since the tobacco industry is currently limited in its ability to produce credible and
comprehensive data, at least part of the research base in support of an MRTP may need to be
generated by researchers and organizations independent of the sponsors of the MRTP in
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question. Rees et al. (2009) concludes that “research independent of the tobacco industry is
essential to provide an effective and unbiased evaluation of industry claims” and notes that
“claims for PREPs, both implied and explicit, must ultimately be evaluated independently, by the
broader scientific community, using validated assessment strategies and accepted clinical
methodology.” Such independent research oversight would support the generation of credible
and scientifically rigorous data that meet the unique challenges that tobacco product research
presents.

Conduct and Publication of Tobacco Industry Research

The FSPTCA requires product sponsors to provide evidence that the issuance of an order
for the sale of an MRTP will benefit public health, including the effect of marketing the product
on users and nonusers of tobacco products. As discussed in later chapters, an essential element in
establishing the public health benefit of an MRTP is assessing the effect of the product on high-
risk populations, in particular, adolescent populations. As such, it is inevitable that product
sponsors will need to collect extensive data on the effect of products in these populations in both
pre- and postmarket studies. This poses a significant problem to product sponsors, as the tobacco
industry currently lacks expertise and experience in conducting behavioral and addiction
research in high-risk populations. Recognizing the risks involved, some tobacco companies
appear resistant to the notion of conducting the research themselves. This issue was specifically
discussed with industry representatives during an open meeting of the committee in May 2011.
Representatives from multiple tobacco companies acknowledged that while research on
adolescent populations is relevant to support an MRTP application, the companies were at that
time reluctant to commence such research and were seeking guidance from the FDA on how best
to proceed. In a personal communication, Lars-Erik Rutqvist, Senior Vice President of Scientific
Affairs of Swedish Match, indicates that industry is very unlikely to conduct research on
“sensitive subpopulations such as adolescents...” due to “...ethical and product stewardship
concerns.” If the position of Swedish Match is generally representative of the tobacco industry,
than the risks and issues inherent in research on adolescent and other high-risk populations seem
likely to dissuade most tobacco companies from conducting the research themselves. Without a
framework that allows the industry to fund independent investigation on adolescents and other
high-risk populations, it is likely that major gaps in knowledge about MRTPs will remain.

To assess the health impacts of an MRTP, product sponsors may have universities and
research hospitals conduct the requisite studies with tobacco-industry and MRTP-sponsor
funding. There are at least two problems with which a university- or hospital-based research
model that the FDA and the scientific community may need to grapple. Firstly, many universities
disallow tobacco industry funds in support of research on tobacco or tobacco products. As of
March 2007, more than 20 academic institutions in the United States instituted policies banning
tobacco industry funding of tobacco research. Secondly, even if a university permits tobacco-
funded research on its campus, it does not ensure the resulting research will be widely trusted or
considered valid by the broader scientific community. The CTP will wish to avoid a regime
where product sponsors simply “forum shop” or “venue shop” for those institutions—
characterized by a least common denominator of standards—that will permit industry-funded
research on tobacco claims. One way of doing so would be to prescribe that whenever a tobacco

3 Personal communication, Dr. Lars E. Rutqvist, Swedish Match AB, Stockholm Sweden, August 5, 2011.
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company that contracts with a university to conduct tobacco industry funded research in support
of an MRTP application, it must include in the contract certain essential conditions designed to
assure the independence, integrity, and transparency of research.

Similarly, many medical and scientific journals have refused, and will continue to refuse,
to publish research funded by tobacco companies or affiliated foundations or institutes. The
passage of the FSPTCA will not alone change this fact. If the research supporting MRTP claims
is of sufficient academic quality for publication in an academic journal, this refusal of journals to
publish tobacco-sponsored research may be de facto prohibitive. Alternatively, if the CTP
requires any substantial part of the portfolio of research supporting an MRTP application to
consist of actual published research, it may be difficult for sponsors to meet this standard. If a
governance framework is created that fosters credible and trustworthy tobacco research, journals
may be willing to reconsider acceptance of tobacco industry-sponsored manuscripts.

An additional concern relates to the experience and qualifications of investigators
conducting tobacco research. Use of unqualified or inexperienced investigators not only
increases the risk for poorly conducted research, but it also undermines the credibility of the
research findings and research sponsor. Furthermore, use of unqualified and inexperienced
investigators may expose research participants to greater risks for harm. It is in the best interest
of all stakeholders involved in the evaluation of an MRTP to maintain high standards for the
qualifications of investigators. This is embodied in the FSPTCA: according to Section 911(i)(2),
the qualifications and experience of investigators conducting postmarket surveillance of MRTPs
must be reviewed and approved by the Department of Health and Human Services (HHS)
Secretary. The credibility of the investigators is equally important. Investigators should be free
from real or perceived conflicts of interest and biases. It is critical that the investigators involved
in research in support of MRTPs and potential MRTPs have adequate qualifications, experience,
and credibility.

Another critical component of the FSPTCA assures that MRTP sponsors make and
follow through with commitments to design, conduct, and report on postmarketing studies with
thoroughness and diligence. The commencement and completion of postmarketing studies has
long been a difficult area of regulation for the FDA, especially for phase IV studies in the area of
prescription drug regulation. These studies have often been slow to be completed and in some
cases tardy to commence, and a number of independent entities have expressed their concern
about the FDA’s ability to commit product sponsors to finish these studies with the due diligence
the law requires (Glasser et al., 2007; HHS, 1996; U.S. Government Accountability Office,
2009; Wood et al., 1998). This has been partially addressed by the Food Drug Administration
Amendments Act,® which grants the FDA authority to regulate Phase IV studies and apply
penalties if they are not conducted in a timely fashion. Like other features of FDA regulation
(e.g., drugs with accelerated approval based upon studies using surrogate endpoint measures) the
marketing approval for an MRTP claim under Section 911 of the FSPTCA is, according to law, a
conditional and provisional approval. In accordance with the FSPTCA, when the FDA approves
an MRTP, it will plan a series of postmarketing studies designed to address questions that were
not fully answerable at the premarket stage. An independent tobacco research governance entity
(TRGE) can play an important role in the design of these studies and in the monitoring of their
completion.

% Food and Drug Administration Amendments Act of 2007, Public Law 110-85, 121 Stat. 823 (September 27, 2007).
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Ethical Considerations of Tobacco Research

Robust standards for the ethical conduct of research have been developed to guide studies
that involve human participants. Prominent examples include the Nuremburg Code, the Belmont
Report, the Declaration of Helsinki, and the International Conference on Harmonisation
Guideline for Good Clinical Practice. These documents, and in particular the Belmont Report,
inform the federal regulations for the protection of human research participants, collectively
known as the Common Rule, (specifically 21 Code of Federal Regulations [CFR] parts 50 and 56
for FDA regulations). The committee affirms the protections enforced by the Common Rule as
requisite in all tobacco studies that involve human participants. In addition to the basic
protections afforded by the Common Rule, the committee identified several ethical issues in
tobacco research worth particular attention.

The first issue is the risk of conducting clinical trials of MRTPs or other tobacco products
in populations with a high risk for tobacco initiation and addiction, including but not limited to
adolescents, certain ethnic minorities, and individuals with mental health disorders.
Randomization of participants to a product known to be potentially addictive and hazardous is
ethically problematic. The committee maintains that the only circumstances under which an
MRTP should be provided to high-risk individuals is when (1) the individual is a current user of
conventional tobacco products, (2) the individual does not want to quit using tobacco products or
the individual wants to quit using tobacco products, but is unable to quit; 3) the MRTP is not
more hazardous than conventional tobacco products, and (4) at the end of the trial the individual
is offered the best available treatment option for tobacco cessation.

A related issue is research involving individuals who do not use tobacco products or
tobacco product users who are on the verge of quitting. There are certain groups of people such
as adolescents or individuals who are tobacco naive, who are at risk for starting to use an MRTP
and who may be especially vulnerable to developing nicotine dependence. Data on their initial or
early reactions to the use of such products are relevant to an estimation of public health risk. In
fact, a comprehensive analysis of potential public health impact demands that their vulnerability
to chronic MRTP use (and subsequently, other tobacco use) be empirically or experimentally
addressed. However, there are clear potential risks to providing an MRTP or other tobacco
products to such populations: e.g., experimental use might foster addiction and life-long use,
with all its negative consequences. A decision to engage in research with such populations
would, therefore, require the careful consideration of the potential risks and benefits. Generally,
the committee concludes that:

a. Research involving users of tobacco products is ethically permissible as long as the
exposures in the study are not more risky than the hazards from their current tobacco
use (i.e., the MRTP being tested is less dangerous than a cigarette for a smoker).
Also, standard of care cessation treatment should be made available.

b. Survey research or perception/messaging research among non-smokers is acceptable
where the non-smokers are not being exposed to the product.

c. Experimental research that exposes non-users to products is ethically problematic; but
such research cannot completely be ruled out because it could provide critically
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valuable information. The ethics, risks, and benefits need to be determined on a case
by case basis.

Although practically challenging and ethically problematic, research involving high-risk
populations is essential to ascertain the characteristics and mechanisms that make them more
susceptible to tobacco use. Understanding these characteristics and mechanisms can help
estimate the effect of marketing MRTPs, and can inform interventions to reduce the rates of
tobacco use in these populations.

The third issue is the risk of improperly disclosing the substance abuse of a minor to the
minor’s parents or guardians in the process of obtaining parental consent for research. Generally,
it is critical that a minor’s assent and parental consent be obtained prior to any research involving
the minor. However, there are circumstances where obtaining parental consent for the minor’s
participation in research will disclose information about the minor’s behavior, including
potentially illegal behavior. Disclosure of this information is problematic as it may result in a
number of unwanted consequences for the minor. While the assent of minors is always
necessary, investigators should also be cognizant for circumstances where obtaining parental
consent will violate the confidentiality of the study participant, and where waiver of parental
consent is warranted.

A last issue is the inclusion of individuals from high-risk groups with reduced decision-
making capacity. Some populations at a high risk for tobacco use, such as adolescents and
populations with mental health issues, may have a higher prevalence of individuals with reduced
decision-making capacity. When investigators are conducting research involving these high-risk
groups, they should be particularly cautious about the inclusion of individuals who lack the
capacity to provide meaningful consent.

TOWARD A TOBACCO RESEARCH GOVERNANCE ENTITY

To improve the credibility of the studies in support of an MRTP application under
Section 911, tobacco product sponsors and the CTP should consider facilitating the creation of a
third party or third parties for the conduct and oversight of these studies. The committee will not
recommend a specific model for adoption, but it will instead discuss existing arrangements in
other fields and the general properties of a governance entity that would be desirable or
appropriate in the MRTP field.

Health Effects Institute Model and Other Potential Organizational Models

The idea for an independent research entity in a contentious area of research on public
health risks is not new. In 1980 the Environmental Protection Agency (EPA) and the automobile
industry agreed to create a new governance and research organization to resolve conflicts over
research on health and air quality. The EPA and automakers had clashed over standards on which
the federal government wrote rules enforcing the National Ambient Air Quality Standards and
the tailpipe emissions standards of the late 1970s. Because there was little agreement on the
science supporting air quality regulations, it was increasingly difficult for dialogue between
industry and regulators to proceed. Led by the efforts of Cummins Engine executive Charles
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Powers and EPA official Michael Walsh, the Health Effects Institute (HEI) was created in 1980
(Jasanoft, 1990; Keating, 2001).

The HEI is a nonprofit corporation with approximately one-half of its funding coming
from the automobile industry and the other half coming from the federal government and other
government sources. HEI is based in Boston, Massachusetts, and well situated among the top
research universities and hospitals. A number of scholarly analyses have described the HEI as
having successfully managed the boundary between industry and government, as well as
between the research community in health effects and the research community in air quality
(Keating, 2001).

The HEI has multiple roles, including the funding of research through competitive
requests for applications (RFAs). These RFAs serve, like those developed by a grant agency, to
create open competition. Such open competition ensures that research funds will not be directed
consistently or privately to those recipients most likely to produce certain outcomes, and it also
promotes implicit competition among researchers on the basis of research quality and rigor rather
than upon loyalty to the financial sponsor.

The relevant organizational structure of the HEI includes a board of directors and three
committees. The board of directors is independent of the sponsors of the institute, and it “acts as
the principal guardian of the HEI’s objectivity” (quoted in Keating, 2001). The board monitors
potential conflicts of interest and oversees the institute’s staff, checks appointments to its expert
committees, and monitors sponsored research projects. Below the board rest three committees.
The Health Research Committee develops 5-year plans for research and awards research funds to
investigators. The Health Research Committee also oversees research investigators and their
work. Independently of the Health Research Committee, the Health Review Committee evaluates
research produced by HEI-funded investigators and interprets the meanings of such research for
policy makers. A third committee, the special Committee on Emerging Technologies, examines
new fuels and their potential environmental and health impacts. A key feature of this structure is
the independence of the board of directors from the sponsors and from the staff, and the
independence of the two principal committees from one another (Keating, 2001).

The Health Research Committee develops and publishes the RFAs through which
competitive research is applied for and ultimately funded. Project selection is undertaken by
expert panels that convene under the authority of the committee and review and rank
applications. The committee and HEI staff often work with the sponsor of the successful
application to refine the scope and methods of the research project, examining research design,
methods of analysis, and data. When research commences, the research committee oversees the
research, reviewing progress reports from the investigators, overseeing quality audits of the
project research, and visiting the investigators’ research sites.

There are important limits to the HEI model that must be considered when thinking about
it as a possible prototype for a TRGE. Perhaps the most important difference between the HEI
and any TRGE is that the HEI does not fund projects in support of marketing applications;
rather, it funds projects that contribute to general knowledge. Hence the commercial stakes of the
research funded by the HEI may be somewhat less than the kind of research that could be funded
by a TRGE. In particular, it may be problematic for individual tobacco companies to contribute
funds to a TRGE if those funds will be used to fund research that potentially benefits a
competitor’s product more than its own product. As such, it will important to distinguish
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between two different types of research: (1) individual product testing, and (2) research that
contributes to general knowledge, including research on better methods for product testing.
Institutions like HEI may be better suited to develop study methods or standards, rather than
individual product evaluation. It should also be noted that the public health standard articulated
in the FSPTCA is different than any other existing premarket approval standard. Additionally,
the level of public, medical, and academic distrust in the tobacco industry and its research is
much greater than any that has ever buffeted the automobile industry. Important issues of trust
would need to be confronted in order for any such model to be entertained.

Another possibility for an organizational model lies in the Reagan-Udall Foundation
(RUF), which advises the FDA on modernizing regulatory science. It conducts and oversees
studies on regulatory science, particularly in the emerging fields of pharmacogenomics and
genomic-based prediction of drug response and adverse event risk. The RUF receives grants
from independent foundations for its work in advancing regulatory science, ranging from work in
systems toxicology funded by the Komen Foundation to work on antitubercular drugs in the
critical path to tuberculosis drug regimens. The RUF has a board of directors composed of a
diverse mix of consumer representatives, industry representatives, scientific and medical
authorities, and government officials; none of these groups accounts for a majority of the board’s
members. The foundation has implemented a number of strategies to attempt to ward off conflict
of interest and undue industry influence. RUF prohibits board members from participating in any
activity or matter in which they have a financial interest. RUF board members must also openly
disclose any financial interest they may have, or have had in the past, in entities doing business
with the RUF and in any FDA-regulated entity. Additionally, the board requires conflict-of-
interest measures be undertaken for each individual project the foundation undertakes. All
projects undertaken by the RUF are reviewed by its board of directors and are subject to an
independent review. While the RUF has some features, it has not existed for as long as the HEI,
and thus it has far less of a track record. It also has no experience in funding projects. Still, the
attempted controls for bias and conflict of interest are potentially noteworthy in thinking about a
TRGE.

It should be noted that several third-party institutions have been engaged in independent
tobacco research, including the Life Sciences Research Office and the Institute for Science and
Health. However, the credibility and independence of these organizations have been questioned,
which illustrates the importance of oversight, transparency, and governance (Schick and Glantz,
2007b).

Possible Design and Structure of a TRGE

Funding of the TRGE

A TRGE could receive funding from a mix of public and private sources. Independent
organizations and foundations would also provide potential sources of funds, especially those
foundations specializing in health research and risk reduction. The consideration of industry
funding would need to be cautious. Unregulated or unstructured industry funding could
potentially contribute to a perception of bias, so it is quite possible that the funding from tobacco
companies and potential MRTP sponsors could be structured in a tax-like manner. The HEI
model of regular, equalized contributions from members of the industry—with expected
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contributions independent of research and no bargaining over HEI governance between
contributions—would be a useful model for consideration.

Oversight Board

A board of directors or general oversight board for any TRGE should be placed in a
position of responsibility for maintaining the credibility and objectivity of the organization. It
would be critical to ensure that a TRGE board be independent both of the FDA and the
tobacco/MRTP industry. It would be prudent to institute a conflict-of-interest policy with
prohibitions on participation in any matter where the board member may have a financial or
other conflict of interest or plausible bias. An oversight board would need to be composed of a
diverse membership—nontobacco-related businesses, medicine and academics, consumers—
with each individual openly disclosing any potential conflicts of interest. A board could assist the
entity in selecting research contractors in any research competition.

Research Protocol Advice

An important feature of the entity would be in ensuring the independent design of
research protocols by researchers. Independence of research design from the study sponsor is a
critical feature of rigorous research, as the design of a study (its measures, its statistical methods,
even the particulars of the hypothesis tested, duration of treatment and other features) can deeply
shape the research outcome. If research funding were provided through the TRGE, the
competition might create additional incentives to cleave to robust research design models.

Organization, Oversight, and Training

As with the HEI, a TRGE could monitor contractors’ research performance, provide staff
members and/or training for IRB members at universities and contract research organizations,
and set up Data Monitoring Committees (DMCs), including Data and Safety Monitoring Boards
(DSMBs) and Observational Study Monitoring Boards (OSMBs). Given the nascent character of
research in the MRTP field, it would be important for any research team to receive and consider
advice midstream on study conduct. Independent monitoring of IRBs and
DMCs/DSMBs/OSMBs would also be important, given the lack of broad university- and
hospital-based experience in conducting research on MRTPs. It is doubtful that the CTP would
be able to handle these responsibilities on its own.

Contract Mechanisms

A TRGE could fund research in several ways. It could issue contracts to independent
investigators or contract research organizations, including commercial laboratories as well as
hospital or academic contract research organizations. Another possibility and one well worth
considering would be an RFA model, not unlike the model of the HEI or the funding models
used by government granting agencies. Upon the preparation of an MRTP application that would
involve premarket or postmarket clinical studies, the TRGE could develop and post an RFA for
each study—or suite of studies—that the sponsor would need to have performed in order for an
MRTP application to be considered complete by the CTP. Some (if not many) of the details of
these studies would be left unspecified at the time of the RFA, so that upon the award of an
investigator contract the TRGE could participate in the design of the study.
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Quality Control

It would be critical for any TRGE to ensure adherence to rigorous quality control
measures on the part of researchers conducting studies for an MRTP application to the FDA.
Keating identifies a

zealous approach to quality control on the part of HEI-funded investigators.
Adherence to quality control guidelines and favorable reports from quality
assurance audits, along with rigorous peer review, are the first line of defense
against attacks on the credibility of the research (Keating, 2001).

The TRGE could promulgate good research practices for MRTPs in conjunction with
academic specialists (e.g., Rees et al., 2009). Consistent with the HEI model and with other
forms of research governance at universities and hospitals, the TRGE could perform scheduled
or random data audits and other forms of site-specific research investigation. The TRGE could
also assist the CTP in ensuring that postmarket studies are being launched, monitored, and
completed in a timely fashion.

CONCLUSIONS

After extensive consideration of both the unique nature of the tobacco industry, the
FSPTCA, and other relevant precedent, the committee identified a number of potential
considerations that should guide the governance of tobacco industry studies.

1. Research Funding. While the funding of such research will usually originate
with the company developing the product, there may be cases where sponsors
themselves may wish to have the research overseen or conducted
independently. The FDA should expect that some of the research performed
for MRTP applications that it reviews will be performed or conducted
independently, by choice of sponsor. This raises the issue of how such third-
party research can be governed.

2. Research with Special Populations. In some cases, especially that of
experimentation with adolescents or populations vulnerable to high use rates,
the FDA may wish to require or expect that research should be overseen by an
independent third party who would be the recipient of tobacco industry study
funding but would be responsible for

e choice of investigators,
e funding of investigators,
e oversight of studies,

e data collection,

e analysis of results, and

e publication of results.
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Data Transparency. It is critical that the public have access to the totality of
the data on MRTPs; therefore, all trials should be registered on the National
Library of Medicine website Clinicaltrials.gov with the same time limits
defined in the Food and Drug Administration Amendments Act (FDAAA) of

2007.

In addition, for the same reasons, all trial results should be posted at
clinicaltrials.gov within 6 months of the last research participant
completing the trial, the trial being terminated, or there being no
further activity in the trial.

Companies may attest annually to their posting of results and trials.
The FDAAA penalties for nonposting should apply to tobacco studies.

Engaging Academic Researchers. Where a third-party entity carries out some
or all of the research, such an entity should work with representatives of
academic medical centers and scientific journals to develop a transparent
funding process for tobacco studies that will allow academic medical centers
to accept such funding and will satisfy the journal editors’ requirements
regarding independence from tobacco funding.

Communicating Risks and Benefits. Marketing materials for MRTPs should
only be allowed to use the conclusions from studies reached by the analysis of
the independent entity described above.

Research Oversight. Where independent research entities are used, any
independent institute:

should have as its mission the performance of high-quality studies to
determine the risks of modified tobacco products;

should be governed by individuals appointed by an organization
independent of the tobacco industry and with sufficient scientific
stature to inspire public confidence; and

should receive “core funding” from a tax on tobacco products that will
maintain its basic functions, while individual studies will be funded by
the interested companies.
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Evidence Base and Methods for Studying Health Effects

Decades of research on the health effects of tobacco use have generated overwhelming
evidence to support the conclusion that tobacco use causes disease. An inference of causality
requires evidence along the causal pathway from exposure to disease, including evidence on the
effects of tobacco from experimental and observational study designs, and from investigations
into the biological mechanisms of disease. A widely cited criteria for making a causal inference
in epidemiology and public health are the Hill Criteria (Weed, 2000). The judgment that tobacco
use causes diseases such as lung cancer and heart disease has been based on evidence from a
wide range of investigations that fulfill the requirements of the Hill Criteria. This has been
thoroughly reviewed and documented in reports of the Surgeon General on tobacco, such as the
2004 and 2010 reports (HHS, 2004a, 2010).

The evaluation of the health effects and mechanisms of modified risk tobacco products
(MRTPs) is a closely related enterprise. Development of many MRTPs will be based on existing
evidence and knowledge of the mechanisms of tobacco related disease. In general, MRTPs are
designed to remove or block a step in the causal pathway between tobacco exposure and disease.
As such, evidence about how an MRTP intervenes on the causal pathways for tobacco related
disease will be critical. However, inferences about the health effects of an MRTP based on prior
knowledge of the causal pathways of tobacco disease, while relevant, will not be sufficient to
inform regulatory decisions. Independent evidence on the health effects of the MRTP will be
necessary. The study of the health effects of tobacco use can provide an illustrative precedent for
the evaluation of MRTPs. The same range of research methods employed to establish a causal
relationship between tobacco and disease will be needed to provide evidence on the health
effects of MRTPs on both individual and public health. This chapter discusses that evidence and
provides guidance on how the Food and Drug Administration (FDA) should consider different
types of that evidence in its decision-making process. The chapter begins with a discussion of the
composition of modified tobacco products. The committee then discusses biomarkers of MRTPs,
including biomarkers of exposure and biomarkers of effects. Next, it discusses preclinical and
clinical studies, including the advantages and disadvantages of those studies, and what evidence
the various study types can provide to inform the FDA’s decisions on MRTPs.
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PRODUCT COMPOSITION

Smokeless tobacco products, such as oral snuff, and combusted tobacco products, such as
cigarettes, are the main types of tobacco products used in the United States (SAMHSA, 2007).
The composition of tobacco and tobacco smoke has been the subject of intense study for at least
the last 60 years, and studies have identified more than 8,000 constituents of tobacco and tobacco
smoke (Rodgman and Perfetti, 2009). Validated methods are available to quantify many
constituents of tobacco and tobacco smoke (Borgerding and Klus, 2005; Rodgman and Perfetti,
2009), and the chemical composition can have a large effect on the potential health risks of a
given product. Product composition, including how the constituents compare to other products,
therefore, is an important aspect of any new product. Although different tobacco products
continue to be introduced, this section discusses the types of tobacco products currently
available, the methods for analyzing them, and the commonly reported constituents. Smokeless
products are discussed first, followed by a discussion of combusted products.

Smokeless Tobacco Products

Types of Smokeless Products

Smokeless tobacco products used in the United States include moist snuff and chewing
tobacco (for oral use), and dry snuff (for nasal use). Types of chewing tobacco include plug,
twist, and loose leaf varieties. The use of chewing tobacco and dry snuff has declined over time.
Oral moist snuff is by far the most popular kind of smokeless tobacco in the United States
(Federal Trade Commission, 2007). Oral moist snuff is used by placing the tobacco—either
loose or packaged in a tea bag-like sachet—in the space between the cheek and gum, or lip and
gum. Generally, oral moist snuff is not chewed. Brands such as Copenhagen and Skoal,
manufactured by Altria Group, Inc., and Grizzly and Kodiak, marketed by Reynolds American,
Inc., are common.

The use of any form of smokeless tobacco has declined substantially between 1986 and
2003 (Nelson et al., 2006); in this time period, there was an approximately 5 percent decrease in
overall smokeless tobacco sales (in pounds) (Federal Trade Commission, 2007). However, the
use of moist snuff or dip increased by approximately 87 percent over the same period (Nelson et
al., 2006). In 2005, total dollar sales for moist snuff accounted for over 80 percent of total sales
for smokeless tobacco (Federal Trade Commission, 2007). In 2008, 3.5 percent of Americans
aged 12 or older (0.4 percent of women aged 12 or older and 6.8 percent of men aged 12 or
older) had used a smokeless tobacco product in the previous month (SAMHSA, 2011).

Moist snuff for oral use contains both high salt and high moisture content (Stepanov et
al., 2010). When placed in the oral cavity, the product generates excess saliva, usually requiring
spitting. Recently, the tobacco industry has introduced and promoted spit-free smokeless tobacco
products. These new products, such as Camel Snus and Marlboro Snus, contain low moisture
content and are distributed in small pouches of flavored tobacco. The products have been
marketed to current cigarette smokers for situations where smoking is prohibited (Hatsukami et
al., 2007a). These products have design features in common with snus products that have been
used in Sweden for many years. Users of Swedish Snus place the product between the gum and
upper lip; it does not usually stimulate salivation. Other new smokeless tobacco products
continue to appear. These include dissolvable products such as Camel Orbs (a pellet), Camel
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Sticks (a twisted toothpick-size stick), and Camel Strips (a film strip placed on the tongue). All
of those new products are made from finely ground flavored tobacco (Rainey et al., 2011).

Methods of Analysis

Methods of analysis of the components of smokeless tobacco are standardized (IARC,
2007; Richter and Spierto, 2003; Richter et al., 2008; Song and Ashley, 1999; Stepanov and
Hecht, 2005; Stepanov et al., 2008, 2010). Smokeless tobacco analyses include analyses for
moisture content, pH, and components. Moisture content can be determined by the difference in
weight before and after drying. For measurement of pH, the tobacco is extracted with water and
the pH is determined with a pH meter. Nicotine can be determined by extraction of the tobacco
and analysis by combined gas chromatography-mass spectrometry (GC-MS) or high-
performance liquid chromatography-mass spectrometry (LC-MS). Minor tobacco alkaloids such
as nornicotine and anatabine are extracted, derivatized by reductive alkylation, and determined
by gas chromatography-tandem mass spectrometry (GC-MS/MS). Tobacco-specific nitrosamines
are extracted and analyzed by either gas chromatography with nitrosamine selective detection or
by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Both conventional and
supercritical fluid extractions have been used. Polycyclic aromatic hydrocarbons can be
quantified by extraction with cyclohexane followed by solid-phase extraction and GC-MS.
Aldehydes are measured by extraction, derivatization with 2,4-dinitrophenylhydrazine, and GC-
MS. Anions such as nitrate, nitrite, and chloride are determined by anion exchange with
conductivity detection.

Laboratory analysis of constituents in these products would be a standard first step in the
initial evaluation of any new product. These analyses are generally quite straightforward
involving standard methods of extraction, sample cleanup, analyte identification, and
quantitation. Data from diverse laboratories involved in the analysis of various products give
comparable results for most analytes. There are differences in the literature in the manner in
which the analytical data are expressed. Some investigators have expressed their data per dry
weight of product, while others use wet weight, or even portion size. Since traditional moist
snuff products typically contain about 50 percent water, it is crucial to recognize the manner in
which the data are being expressed and to take this into consideration when making judgments
on constituent levels. The expression of constituent levels per dry weight of product, with
inclusion of data on water content is standard (Stepanov et al., 2008). Since portion sizes are
fixed in the products encased in tea-bag like sachets, it is also important to report constituent
levels per portion size for these products.

Laboratory analysis of constituents, however, may not reflect constituent uptake under
conditions of use. Biomarker of exposure studies, described below, provide a more realistic
indication of exposure.

Commonly Reported Constituents

Thousands of compounds have been identified in unburned tobacco (Rodgman and
Perfetti, 2009), but routine analyses of smokeless tobacco have focused on relatively few of these
compounds thought to be critical in its biological activities (IARC, 2007; Richter and Spierto,
2003; Richter et al., 2008; Song and Ashley, 1999; Stepanov and Hecht, 2005; Stepanov et al.,
2008, 2010). Commonly reported constituents include tobacco-specific nitrosamines, nicotine
and minor tobacco alkaloids, nitrite, nitrate and other anions, metals, aldehydes, and polycyclic
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aromatic hydrocarbons. Nicotine is generally reported as protonated and unprotonated
(determined by measuring pH of the product). This is important because unprotonated nicotine is
absorbed more readily through the oral mucosa than protonated nicotine. Plasma nicotine levels
are directly related to pH of the product: higher pH values lead to higher levels of plasma
nicotine (IARC, 2007). Minor tobacco alkaloids might, along with nicotine, contribute to
addiction. Unlike cigarette smoke, the most common strong carcinogens in smokeless tobacco
products are tobacco-specific nitrosamines. Extensive data demonstrating their presence in parts
per million quantities, greater than nitrosamine concentrations in any other consumer product
intended for oral use, are available (IARC, 2007; Richter et al., 2008; Stepanov et al., 2008).
Levels of polycyclic aromatic hydrocarbons and aldehydes have been less frequently reported
(Stepanov et al., 2008, 2010).

There is solid evidence that nicotine is addictive, but little evidence of addictive potential
for other constituents of smokeless tobacco products. With respect to the induction of cancer, it
is suspected but not proven that tobacco-specific nitrosamines play a major role, while other
compounds such as polycyclic aromatic hydrocarbons and aldehydes may also contribute. There
may be other unidentified or unrecognized compounds in smokeless tobacco that contribute in
important ways to its adverse health effects. Among the thousands of identified compounds in
smokeless tobacco products, the 28 currently identified carcinogens represent only a small
fraction (IARC, 2007; Rodgman and Perfetti, 2009). Furthermore, seemingly innocuous
compounds such as sodium chloride, which occurs in amounts over 5 percent in some smokeless
tobacco products (IARC, 2007), could exacerbate the effects of carcinogens by leading to local
irritation, among other effects (Stepanov et al., 2008).

Combusted Products

Types of Products

Cigarettes are by far the most used combusted tobacco product. In 2009, there were over
46 million cigarette smokers in the U.S., about 20.6 percent of the adult population (CDC, 2010).
Between the mid-1960s and 2004, cigarette smoking among adults decreased from
approximately 42 percent to 21 percent; however, prevalence has not changed substantially since
then (CDC, 1999, 2011b). Additionally, after substantial declines (66 percent) in cigar
consumption from 1964 to 1993, consumption rates for cigars increased by close to 50 percent
from 1993 to 1997 (NCI, 1998). In 2010, 5.2 percent of Americans aged 12 or older had smoked
cigars in the past month (SAMHSA, 2011). Other combusted products include pipes and water

pipes.
Methods of Analysis

Since combusted products are burned, their constituents cannot simply be extracted as
with smokeless tobacco products. Various machine methods attempt to simulate the smoking of
tobacco products, and the smoke is collected and analyzed (IARC, 2004). Different organizations
use different methods for generating smoke. For example, the International Organization for
Standardization and the U.S. Federal Trade Commission smoking regimen uses a 35 mL puff
every 60 seconds, and a puff duration of 2 seconds, with the filter ventilation holes (if present)
open. Health Canada uses an intense smoking regimen with a 55 mL puff every 30 seconds, and
a puff duration of 2 seconds, with the filter ventilation holes completely blocked. The
Massachusetts Department of Health method has a 45 mL puff every 30 seconds, and a puff
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duration of 2 seconds, with the filter ventilation holes 50 percent blocked. It is widely recognized
that none of these methods accurately reproduces the many ways smokers actually use cigarettes,
but the methods can be used for comparison of one product to another (IARC, 2004).

Researchers can collect and analyze both mainstream smoke, which emanates from the
filter end of the cigarette, and sidestream smoke, which emanates mainly from the burning tip of
the product. For collection, a glass fiber filter separates arbitrarily gas phase constituents from
total particulate matter, which collects on the filter (Adam et al., 2006). Once the combusted
material is collected, the methods of analysis of the various constituents of cigarette smoke have
some similarities to those used for smokeless tobacco. Because the products of combustion are
generally more complex than those obtained by extraction of unburned tobacco, multiple
extraction or purification steps are often necessary before the analysis can be completed, usually
by GC-MS or LC-MS/MS techniques (IARC, 2004).

Laboratory analyses by machine smoking would be a standard first step in the initial
evaluation of any new product, even though it is widely recognized that this approach has
limitations. Machine smoking methods do not replicate human smoking conditions because
smokers may vary their way of smoking a cigarette depending on many factors. Important
among these is the well-established phenomenon of compensation, in which smokers may alter
their method of smoking in order to compensate for lower machine measured amounts of
nicotine and other constituents. They accomplish this in a number of different ways including
increasing puff number or volume, and blocking filter vents (NCI, 2001). Under a given set of
machine smoking conditions, analyses of particular constituents are generally well standardized
leading to reasonable agreement in constituent levels among different laboratories. However,
formalized interlaboratory comparisons have only been carried out for a few constituents. When
reporting constituent levels for any product, it is crucial to describe the type of smoking regimen
that has been used.

There is no proven method to replicate the many ways humans smoke cigarettes. The
World Health Organization, under the Framework Convention on Tobacco Control, has adopted
the approach of expressing machine-measured constituents per mg of nicotine for use in
regulation, as this would presumably mitigate some of the effects of compensation (Burns et al.,
2008). However, this approach is untested in a regulatory setting.

The measurement of smoke constituents can be challenging. Even measurement of
parameters seemingly as simple as pH and free nicotine have led to controversy (Chen and
Pankow, 2009; Pankow et al., 2003).

Commonly Reported Constituents

The FDA has developed a list of “harmful and potentially harmful constituents in tobacco
products and tobacco smoke” that includes over 100 constituents from various classes of
chemicals (FDA, 2011a, 2011c). These include “tar,” nicotine and minor tobacco alkaloids,
carbon monoxide (CO), nitrogen oxides, polycyclic aromatic hydrocarbons, tobacco-specific
nitrosamines, volatile nitrosamines, aldehydes, aromatic amines, metals, phenols, ketones,
volatile hydrocarbons such as benzene and butadiene, ethylene and propylene oxide, furan,
hydrazine, hydrogen cyanide, heterocyclic aromatic amines, nitrogen compounds, pyridine, vinyl
chloride, polonium-210, and others. The majority of these constituents have been routinely
analyzed, and extensive data are available on their concentrations in tobacco smoke (Chen and
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Moldiiveanu, 2003; Counts et al., 2004; Ding et al., 2006, 2007; Gregg et al., 2004; Hammond
and O’Connor, 2008; IARC, 2004; Roemer et al., 2004).

Furthermore, the same considerations discussed above with respect to smokeless tobacco
apply to combusted products. It is not certain that the current list of harmful and potentially
harmful constituents is complete. There may be other constituents among the more than 8,000 in
tobacco and tobacco smoke (Rodgman and Perfetti, 2009) that are important but currently
unrecognized. It is also known that there are interactions between carcinogens and tumor
promoters or cocarcinogens that may not be recognized when simply analyzing a list of
compounds (HHS, 2010; IARC, 2004).

Summary of Product Composition

Analysis of smokeless tobacco products or combusted products can be achieved using
standardized and validated methods for a variety of constituents. While there could be some
inter-laboratory differences in results of these analyses, most data are generally comparable for a
given product. In the analysis of smokeless tobacco products, the method of extraction and the
method of expressing the results need to be taken into account when comparing data. In the
analysis of combusted products, the method of machine smoking is critical when comparisons
are to be made. None of the standard machine smoking methods replicate human smoking
conditions, but these methods can be useful for comparison of different products under
comparable conditions.

BIOMARKERS

Studies of tobacco and tobacco-related diseases use a number of different biomarkers,
and the validity of those biomarkers are key to the validity of the studies; biomarkers will
continue to play an important role in the FDA’s regulation of MRTPs. The FDA will be making
regulatory decisions about the marketing of MRTPs in the immediate future, but the latency
period between tobacco exposure and the development of major clinical adverse health
consequences is usually quite long. Validated biomarkers and other surrogates of tobacco-related
disease outcomes that can provide information over a shorter time frame, therefore, will play a
critical role in the evaluation of MRTPs. The Family Smoking Prevention and Tobacco Control
Act of 2009 (FSPTCA) highlights the importance of addressing biomarkers and surrogates when
it specifies that regulations or guidance issued by the Agency shall “include validated
biomarkers, intermediate clinical endpoints, and other feasible outcome measures, as
appropriate.”’

Terminology around biomarkers can be a controversial issue. Over the course of
evaluating both the statutory language and the prevailing literature, the committee encountered
inconsistencies in the definitions for terms central to this discussion, including the terms
“biomarker,” “surrogate,” “intermediate endpoint,” and “endpoint.” The committee also found it
important to differentiate between biomarkers of exposure and biomarkers of effect or risk. In
this report, the committee broadly categorizes biomarkers as biomarkers of exposure and
biomarkers of risk, and further distinguishes among specific types of biomarkers of risk.
Specifically, the committee adopts the definitions articulated in the Institute of Medicine’s

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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(IOM’s) 2010 report, Evaluation of Biomarkers and Surrogate Endpoints in Chronic Disease
(IOM, 2010). Relevant definitions from that report are presented in Box 3-1. Biomarkers of
exposure and biomarkers of risks are discussed below.

Biomarkers of Exposure

Biomarkers of human exposure to specific constituents of tobacco products may be the
constituents themselves; metabolites of the constituents in urine, blood, breath, saliva, nails, or
hair; or protein- or DNA-binding products (adducts) of the constituents or their metabolites.
These biomarkers have the potential to bypass many of the uncertainties in product analysis and
provide a realistic and direct assessment of carcinogen and toxicant dose in an individual. It
should be emphasized however that the biomarkers discussed here are virtually all biomarkers of
exposure to specific tobacco or tobacco smoke constituents. In most cases, they have not been
validated as biomarkers of risk. Furthermore, these biomarkers are derived from specific
constituents of tobacco products thought to be harmful to the consumer, but there may be
unknown or unmeasured constituents that are also harmful, or there may be combination effects
of individual constituents that cannot be recognized by measurement of individual biomarkers of
exposure. Presently, there is no single accepted biomarker that predicts the risk of disease in
people who use tobacco products.

BOX 3-1
Definitions Related to Biomarkers, Clinical Endpoints, and Surrogate Endpoints

Biomarker: A characteristic that is objectively measured and evaluated as an indicator of normal
biological responses, pathogenic processes, or pharmacologic responses to an intervention

Biomarker of exposure: The chemical, or its metabolite, or the product of an interaction between a
chemical and some target molecule or cell, that is measured in a compartment in an organism

Biomarker of risk: A biomarker that indicates a risk factor for a disease

Clinical endpoint: A characteristic or variable that reflects how a patient or consumer feels, functions, or
survives

Surrogate endpoint: A biomarker that is intended to substitute for a clinical endpoint. A surrogate
endpoint is expected to predict clinical benefit (or harm or lack of benefit or harm) based on
epidemiologic, therapeutic, pathophysiologic, or other scientific evidence.

SOURCE: Adapted from IOM (2010).
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Analytical Validation

These biomarkers of exposure to tobacco toxicants and carcinogens are most frequently
quantified by LC-MS/MS, GC-MS/MS, and related techniques. The first step in validation is
analytical validation. This topic has been previously discussed in detail in a recent IOM report
(IOM, 2010). Chapters of this 2010 report are provided in Appendix B.

Validation with Respect to Product Use

The second step in validation of a biomarker of exposure to tobacco toxicants and
carcinogens is demonstrating that the biomarker is actually related to tobacco product exposure.
The most reliable method of demonstrating this relationship is to assess levels of the biomarker
after a research participant has stopped using the tobacco product. In one representative study,
researchers assessed at various times (3, 7, 14, 21, 28, 42, and 56 days) the persistence of eight
tobacco smoke carcinogens and toxicant biomarkers in the urine of 17 people who had stopped
smoking. The biomarkers were metabolites of 1,3-butadiene, acrolein, crotonaldehyde, benzene,
ethylene oxide, pyrene (a representative polycyclic aromatic hydrocarbon), and nicotine-derived
nitrosamine ketone (NNK), a tobacco specific N-nitrosamines (TSNA). These biomarkers, which
are described in more detail below, include some of the major carcinogens and toxicants present
in cigarette smoke. Levels of all these biomarkers—except for 1,3-butadiene metabolites (called
dihydroxybutyl mercapturic acid)—decreased significantly after 3 days of smoking cessation (P
<.001). The rate of decrease for most of the biomarkers were rapid, reaching nearly their
ultimate levels (81-91 percent reduction) after 3 days, while that of the NNK metabolite (called
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol and its glucuronides [total NNAL]) was gradual,
reaching a 92 percent reduction after 42 days. The decrease in the pyrene metabolite was variable
among research participants, reaching about 50 percent of baseline, consistent with other
common environmental sources of pyrene, such as diet. These results demonstrated that all
biomarkers investigated in this study except dihydroxybutyl mercapturic acid were related to
cigarette smoking (Carmella et al., 2009). A similar study carried out in smokeless tobacco users
demonstrated the reduction of total NNAL after cessation of product use (Hecht, 2002).

Another method of validating tobacco carcinogen and toxicant biomarkers with respect to
tobacco product exposure is to compare their levels in smokers and nonsmokers. Numerous
studies of this type have been reported, and individual biomarkers are described in an upcoming
section and presented in Table 3-1. Biomarkers of exposure of tobacco-specific compounds such
as NNK, N-nitrosonornicotine (NNN), and nicotine are not found in non-tobacco users unless they
have been exposed to secondhand tobacco smoke (see Table 3-1). Other biomarkers, such as
those related to combustion products such as pyrene, are detected in both smokers and non-
smokers because they occur not only in tobacco products but also in the diet and polluted air.
Therefore, some of the ranges of values overlap between smokers and nonsmokers, as shown in
Table 3-1. However, biomarker levels are consistently higher in smokers compared to those in
nonsmokers in individual studies (Hecht et al., 2010). Biomarkers of the tobacco-specific
compounds are similar in smokers and smokeless tobacco users, while those of some of the
volatile organic combustion products are considerably lower in smokeless tobacco users (Hecht,
2002; Hecht et al., 2010).
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Exposure to secondhand cigarette smoke can contribute to biomarker levels in
nonsmokers, but the levels are generally small, about 1-5 percent of the levels in smokers (Hecht
et al., 2010). Some biomarkers that are consistently elevated in nonsmokers exposed to
secondhand tobacco smoke are cotinine, a major metabolite of nicotine, and NNAL and its
glucuronides, metabolites of NNK (Hecht, 2002, 2003b; HHS, 2006). Cut points in these
biomarkers for distinguishing light smokers from nonsmokers exposed to secondhand smoke
have been discussed (Goniewicz et al., 2011).

Validation with Respect to Disease Risk

One approach to determining the relationship of exposure biomarkers to disease risk is to
carry out prospective epidemiologic studies, or cohort studies. In these studies, samples from
healthy research participants are collected and stored, and demographic and lifestyle data are
obtained using questionnaires. The participants are then followed for years, and eventually
diseases such as cancers will occur in some of them. The stored samples from these research
participants are retrieved, along with samples from appropriately matched controls that remain
disease free, to form a nested case-control study. These samples can be analyzed for the
biomarkers to determine their relationship to disease. The magnitude of the relationship to
disease risk for each biomarker or their combinations can be evaluated using standard statistical
analysis methods. Although there are certain limitations of this approach, which have been
discussed (Rundle and Ahsan, 2008), such epidemiologic studies with prospective study design
and objective measurements of biomarkers in biospecimens would provide a direct link of the
disease of interest to the biomarker and its parent compound. The relationship of tobacco
carcinogens and toxicant biomarkers to cancer and other diseases has been examined in only
limited prospective studies to date. Examples are cotinine and total NNAL with respect to lung
cancer. In one prospective study, serum cotinine was related linearly to lung cancer risk, with no
suggestion of a plateau at high exposure levels (Boffetta et al., 2006). Two molecular
epidemiologic studies related total NNAL to lung cancer risk. In the first study, researchers saw
a dose-dependent association between urinary levels of total NNAL and risk of lung cancer
(Yuan et al., 2009). In relation to lowest quartile of total NNAL, the risk of lung cancer
associated with the second and third tertiles were 1.43 (95% CI, 0.86-2.37) and 2.11 (95% CI,
1.25-3.54), respectively (P for trend = .005) after adjustment for number of cigarettes smoked
per day, number of years of cigarette use, and total cotinine (cotinine plus its glucuronide).
Smokers in the highest tertiles of total urinary NNAL and cotinine displayed an 8.5-fold
increased risk for developing lung cancer as compared to smokers in the lowest tertiles of these
measures but otherwise similar in smoking history. A second study also showed this association
using prospective measurements of total NNAL in serum, although no relationship with cotinine
was seen (Church et al., 2009). Prospective measures have also been used to evaluate the
association between baseline cotinine and cardiovascular disease (Whincup et al., 2004).

Description of Some Widely Used Biomarkers of Exposure

This section provides greater discussion on the common biomarkers of exposure.
“Nicotine equivalents,” the combination of nicotine, cotinine, 3'-hydroxycotinine, and their
glucuronides, represent 73—96 percent of the nicotine levels delivered to a user of tobacco
products (Hukkanen et al., 2005). This combination is widely accepted biomarker of nicotine
uptake that directly measures, to a high percentage, the nicotine dose.
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Total NNAL, the sum of free and glucuronidated NNAL, and total NNN, the sum of free
and glucuronidated NNN, are biomarkers of uptake of the carcinogenic tobacco-specific
nitrosamines NNK and NNN (Hecht, 2008). NNK and NNN always occur together in tobacco
products and they are potent carcinogens in laboratory animals (IARC, 2007). Nicotine
equivalents, total NNAL, and total NNN are unique biomarkers because of their tobacco
specificity. They are only detected in people exposed to tobacco products or (for nicotine
equivalents and occasionally NNN) in people who use nicotine replacement products (Stepanov
et al., 2009). As indicated in Table 3-1, the levels of these biomarkers in nonusers of tobacco
exposed to secondhand tobacco smoke are generally considerably low compared to those
observed in users of tobacco products.

1-HOP is a biomarker of exposure to polycyclic aromatic hydrocarbons, tobacco smoke
particulate phase constituents, and products of incomplete combustion. These compounds are
also commonly found in polluted air and the diet. Many polycyclic aromatic hydrocarbons are
potent carcinogens in laboratory animals. The most widely studied polycyclic aromatic
hydrocarbon carcinogen is benzo[a]pyrene (BaP). Polycyclic aromatic hydrocarbons always
occur as mixtures, and 1-HOP, which is a metabolite of the noncarcinogen pyrene, an ever-
present component of these mixtures, is a widely accepted biomarker of exposure to this class of
compounds.

The mercapturic acids MHBMA, SPMA, HPMA, HBMA, and HEMA are biomarkers of
the tobacco smoke gas phase constituents 1,3-butadiene, benzene, acrolein, crotonaldehyde, and
ethylene oxide, respectively (Carmella et al., 2009). 1,3-Butadiene, benzene, and ethylene oxide
cause tumors in multiple organs of mice and rats (HHS, 2004b; IARC, 2008). Both acrolein and
crotonaldehyde are associated with lipid peroxidation and perhaps inflammation (Chung et al.,
1999; Thompson and Burcham, 2008). Acrolein reacts with the p53 gene at codons associated
with lung cancer, a phenomenon also observed in studies of polycyclic aromatic hydrocarbon
diol epoxide metabolites (Feng et al., 2006b). Acrolein is an intense irritant and cilia-toxic
compound (IARC, 1995). Acrylonitrile, acrylamide, and 4-aminobiphenyl are also well
established carcinogens (HHS, 2004b; IARC, 1987, 1999b; Klaunig, 2008) .

CO competes with oxygen for binding to hemoglobin and hinders the ability of oxygen to
be released from hemoglobin. Although smokers are unlikely to experience acute CO-related
symptoms (Scherer, 2006), CO is believed to impair oxygen delivery and cause complications of
atherosclerosis and other cardiovascular diseases in smokers (HHS, 2004a).

Among the compounds related to the biomarkers, NNK and NNN, BaP, 1,3-butadiene,
benzene, ethylene oxide, cadmium, and 4-aminobiphenyl are considered “carcinogenic to
humans” by the International Agency for Research on Cancer (IARC, 1987, 1999a, 2006, 2007,
2008; Straif et al., 2005) and potentially may be involved in causing different types of cancer in
tobacco users (Hecht, 1999, 2003a, 2010). Many of these compounds also have considerable
toxic effects. Additionally, NNK, NNN, BaP, 1,3-butadiene, benzene, acrolein, acetaldehyde,
formaldehyde, and CO were recommended for regulation under the World Health Organization’s
Framework Convention on Tobacco Control (Burns et al., 2008).

These and other widely used biomarkers of exposure are presented in Table 3-1, which
presents urinary biomarkers, hemoglobin adduct biomarkers, and others. Recent data on the
range of values for these biomarkers of exposure are given for both smokers and nonsmokers.
While the ranges of values for smokers and non-smokers overlap for certain biomarkers in the
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table, biomarker levels are consistently elevated in smokers in the individual studies referenced
in the table.

Examples of Other Biomarkers of Exposure

Examples of some other exposure biomarkers include urinary or plasma phenanthrene
tetraol and phenanthrols (Church et al., 2010; Hecht et al., 2005), 3-hydroxybenzo[a]pyrene and
BaP tetraols (Forster et al., 2008; Zhong et al., 2010), and hydroxyfluorenes (Jacob et al., 2007)
for polycyclic aromatic hydrocarbons; DNA adducts of various compounds in white cells and
various tissues (Phillips, 2002); 3-ethyladenine in urine (Feng et al., 2006a); and 2-
cyanoethylmercapturic acid in urine for acrylonitrile (Scherer et al., 2010).

A group of biomarkers related to inflammation, oxidative stress, and other conditions that
could be influenced by tobacco products have been termed “biomarkers of potential harm” by
authors from Altria, and these might be considered as risk biomarkers. Some of these, such as
markers of oxidative damage, straddle the border between exposure and effect markers because
they are caused by exposure to tobacco products but do not directly result from a known
measured constituent of these products. One example is 8-epi-prostaglandin F2a, an established
biomarker of oxidative damage, which is significantly higher in smokers than in nonsmokers
(Frost-Pineda et al., 2011).

“Biomarkers of potential harm” also include those biomarkers related to inflammation
(such as white blood cell count, high-sensitivity C-reactive protein [CRP], fibrinogen, and von
Willebrand’s factor) and platelet activation (such as 11-dehydrothromboxane B,) as well as
triglycerides and alkaline phosphatase, all of which were significantly elevated in smokers,
including in one recent study which examined the relationship between these biomarkers,
machine-measured tar yields, and biomarkers of exposure to cigarette smoke constituents in over
3,500 smokers and over 1,000 nonsmokers (Frost-Pineda et al., 2011; Liu et al., 2011). Body
mass index, smoking duration, cigarette tar category, and some biomarkers of exposure were
significant factors in multiple regression models for the biomarkers of potential harm. Body mass
index was the highest ranking factor in the models for white blood cell count, high-sensitivity
CRP, fibrinogen, and 8-epi-prostaglandin F,,, while gender and smoking duration influenced 11-
dehydrothromboxane B, and von Willebrand’s factor. Overall, the relationship between cigarette
smoking, biomarkers of exposure, other factors, and these biomarkers of potential harm was
quite complex (Liu et al., 2011).

Analysis of spent filters has also been used to estimate exposure. Examples include the
measurement of solanesol, nicotine, NNK, and acrolein in filters. In some studies, these
measurements correlated with urinary exposure biomarkers (Mariner et al., 2010; Morin et al.,
2010; Pauly et al., 2009).

Examples of Biomarker Application in Product Evaluation

Exposure biomarkers are useful in evaluating new products which, according to
laboratory analyses, have lower levels of certain constituents. Studies of this type have been
reviewed (Hatsukami et al., 2007b). Some typical results are presented here.

Omni cigarettes were advertised as having reduced carcinogens, including nitrosamines
and polycyclic aromatic hydrocarbons. Decreases of 53 percent in levels of NNK and 20 percent
in levels of pyrene in smoke were advertised, based on machine measurements. Smokers were
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randomized to use either the Omni cigarette or medicinal nicotine and exposure biomarkers were
assessed for a 4-week period. The reductions in total NNAL were only 21 percent in those who
used the Omni cigarette compared to baseline levels with their usual brand, while there was no
significant reduction in 1-HOP (Hatsukami et al., 2004).

Quest cigarettes were available with deliveries of 0.3 mg nicotine per cigarette or 0.05
mg nicotine per cigarette. When smokers switched from their customary brand to the 0.05 mg
nicotine yield cigarette for 6 weeks, they experienced significant reductions in cotinine (96
percent), total NNAL (78 percent), total NNN (67 percent), 1-HOP (36 percent), HPMA (56
percent), and SPMA (69 percent). In addition to these reductions, the 0.05 mg cigarette was
associated with relief from withdrawal symptoms from the users’ usual cigarette (Hatsukami et
al., 2010).

In a 4-week study of smokeless tobacco users who switched from their usual
conventional brand of smokeless tobacco to either Swedish Snus or the nicotine patch, total
NNAL levels decreased significantly, although the overall mean total NNAL level was
significantly lower for research participants who switched to the nicotine patch than for research
participants who switched to snus. These results are consistent with the lower levels of NNK in
Swedish Snus than in conventional moist snuff products available in the United States
(Hatsukami et al., 2004).

In a recent study, smokers were randomized to receive the smokeless tobacco products
Camel Snus, Taboka, or medicinal nicotine over a 4-week period in which they quit smoking.
Significant reductions of exhaled CO, urinary cotinine, and total NNAL were observed in all
groups. A significant reduction of total NNN was also observed in the treatment groups, except
for the Camel Snus group. Total NNAL levels were greater in the Camel Snus group than in
those who used medicinal nicotine (Kotlyar et al., 2011). These results reflect the lower levels of
NNK and NNN in these products compared to the amounts delivered in cigarette smoke.

Cross-sectional studies of biomarkers and product use have also been reported. In one
study, data from the U.S. National Health and Nutrition Examination Survey (1999-2008) were
used to evaluate levels of biomarkers of a variety of toxicants and carcinogens in smokers
compared to smokeless tobacco users. Smokeless tobacco users had higher levels of several
polycyclic aromatic hydrocarbon biomarkers, as well as higher levels of total NNAL, than did
nonusers of tobacco. Of 33 biomarkers analyzed, 18 were significantly lower in smokeless
tobacco users than in smokers, while 10 of the 33 biomarkers were not different. The levels of
the other 5 biomarkers, including total NNAL, were higher in smokeless tobacco users than in
smokers (Naufal et al., 2011).

In summary, biomarkers can provide a more realistic assessment of the consumer’s
exposure to carcinogens and toxicants in tobacco products than simple analyses of the products
because laboratory analyses cannot fully duplicate human use conditions. In most cases, the
general trend of laboratory results is reflected in the biomarker data.

Summary of Biomarkers of Exposure

Validated tobacco carcinogen and toxicant biomarkers of exposure for a variety of
compounds are now available. Measurement of a panel of these biomarkers in an appropriately
conducted study can provide a realistic assessment of human uptake of a variety of toxicants and
carcinogens in tobacco products. Many studies of this type do show a relationship between
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product constituent levels and biomarker levels, but the relationship is not always
straightforward. If the panel of biomarkers presented were decreased to the levels found in
nonsmokers, it is likely that there would be a beneficial effect on health, but this has not been
proven. Some tobacco carcinogen and toxicant biomarkers such as cotinine and total NNAL have
been related to cancer risk in molecular epidemiologic studies, but most of the biomarkers
discussed here would still be best described as exposure biomarkers, pending the availability of
more data.

In summary, the evaluation of new products would always include standard laboratory
analyses of constituents as a first step. Whether differences in constituent levels translate to
differences in exposure to tobacco carcinogen and toxicant biomarkers requires testing in an
appropriately designed clinical study.

Although many studies have shown a relationship between individual constituents of
tobacco products and chronic diseases, there is no proof that any individual constituent or group
of constituents is responsible for a given disease. Therefore, it is possible that constituents that
play a decisive role in disease causation are simply not being measured, or that there are
interactive effects among constituents that are critical in disease etiology but are not taken into
account in the analyses. There may also be interactions between particular constituents and
biological processes such as inflammation that are not fully captured by biomarker analyses.
There are also limited dose response data relating constituents such as TSNAs, polycyclic
aromatic hydrocarbons, volatile organic compounds, or heavy metals to specific diseases, and
therefore reductions in the levels of a particular chemical or class of chemicals cannot be reliably
generalized to a reduction in disease.

A particularly important question is whether a given measurement has evolved from
being a “biomarker of exposure” to a “biomarker of risk” or “surrogate endpoint for disease.”
The committee recognizes that this question could be critical in the design of studies on MRTPs.
For example, studies on smokeless tobacco products would produce significantly lower
biomarkers of volatile combustion products (such as CO, acrolein, and benzene) than studies on
combusted products because smokeless tobacco products do not deliver significant quantities of
these materials. Epidemiologic studies demonstrate that the risk for lung cancer is higher in
smokers than in smokeless tobacco users. Furthermore, when smokers stop smoking, their risk
for lung cancer gradually decreases over a period of years. Based only on these facts, one might
propose for example that exhaled CO is a biomarker of risk because it would clearly decrease
when one stopped smoking and presumably when a smoker switched to smokeless tobacco. But
there is no biological rationale for this observation, since CO is not known to be involved as a
causative agent for lung cancer. Therefore, the committee believes that, for a biomarker of
exposure to be accepted as a biomarker of risk or a surrogate endpoint for disease, there should
be a strong biological rationale as well as compelling data from clinical or epidemiologic studies.
Presently, there are only limited data on the relationship of exposure biomarkers to chronic
disease.

There is no standard approved design for clinical trials in which new products would be
evaluated with respect to biomarker outcomes. This topic has been reviewed recently, and further
studies are required (Hatsukami et al., 2009).
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Biomarkers of Risk

The validity of a study that uses a biomarker of risk is only as good as the validity of the
biomarker. The utility of biomarkers of risk ultimately hangs on the assumption that they not
only correlate to the clinical endpoint of interest, but also that the biomarker will fully capture
the complete effect of an intervention on the clinical endpoint (Prentice, 1989).

Biomarkers of risk can include blood, other bodily fluid, or tissue markers and risk
factors that relate to the natural history and progression of specific diseases and conditions.
However, they cannot be considered as markers of disease occurrence on their own. Further, a
single biomarker could be a predictor of many diverse conditions, such as markers of systemic
inflammation or other immune system dysfunction (e.g., cytokines or CRP, blood
immunoglobulin A levels or eosinophil counts). Another example of a biomarker that could
predict many conditions is high levels of oxidative stress. Other biomarkers are applied to
particular conditions such as cardiovascular disease (e.g., high-density lipoprotein or low-density
lipoprotein cholesterol) or adult-onset diabetes (e.g., glucose intolerance, intermediate fasting
blood glucose levels, glycosylated hemoglobin levels), but again, they are not indicators of the
disease per se. Some biomarkers of disease can be extremely complex at the cellular or
molecular level, such as rates of nuclear DNA repair, which can predict the occurrence of
various cancers or other systemic conditions, but do not necessarily indicate disease presence.

While more speculative, another related issue relevant to future use of biomarkers is the
concomitant use of pharmacological (“chemo-preventive”) interventions that may be used to
prevent cancer or other conditions. There are currently, for example, several candidate
pharmacological interventions for human cancer chemoprevention. These are based mostly on
basic research, but are also subject to human testing, including certain vitamins, resveratrol,
polyamines, and flavanoids. While none of these are fully proven in humans at the present time,
in the future it is conceivable that as these products emerge as proven preventive entities, tobacco
products that contain some of these agents may emerge, and complicate the regulation of health
claims. As is currently the case, some of these may be marketed as dietary supplements, or under
the umbrella of the “nutraceuticals” movement. Regulators should be alert to the emergence of
such combination products, and refer to Section 201 (rr)(4) of the Federal Food, Drug, and
Cosmetic Act (as amended by the FSPTCA), which states that a “tobacco product shall not be
marketed in combination with any other article or product regulated under this Act (including a
drug, biologic, food, cosmetic, medical device, or a dietary supplement).””

Surrogate Endpoints in the Study of Disease Outcomes

Surrogate endpoints are a set of predisease measures that are not clinically overt
conditions but nonetheless represent nascent or early pathological processes for many subsequent
clinical conditions. The presumption, with varying amount of evidence, is that some portion of
these early processes progress over time to produce overt clinical illness. For many years, there
has been substantial concern about adopting surrogate endpoints as the sole measure of
therapeutic efficacy in clinical trials, particularly since there are very important counterexamples
in the history of drug regulation where surrogate endpoint control did not lead to disease
prevention or amelioration; such intermediate endpoints included blood pressure control,
antiarrhythmic treatments and cholesterol-lowering agents.

* Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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The standards for using biomarkers of risk as surrogate endpoints are even more stringent
as “the surrogate endpoints should be a perfect proxy for the effect of an intervention on the
recipient’s risk of important clinical outcomes” (IOM, 2010). It is not uncommon, however, for
potential surrogate endpoints to fail to predict clinical outcomes. According to Fleming and
DeMets (1996), such failures often occur because: (1) the surrogate endpoint does not affect the
same pathophysiologic pathway that leads to the clinical outcome of interest; (2) there are
multiple causal pathways linked to a particular clinical outcome, but the intervention in question
only affects one pathway mediated through the surrogate among several causal pathways linked
to the disease; (3) the surrogate under study is insensitive to or is not a part of the causal pathway
of the intervention’s effect, or is insensitive to its effect; or (4) the intervention results in
additional mechanisms of action independent of the disease process. The pharmacologic
suppression of ventricular arrhythmias in the post-myocardial infarction setting well illustrates
this. Premature ventricular contractions in the presence of ongoing myocardial damage or
ischemia confer a poor prognosis, and it was thought that the pharmacologic suppression of these
would result in clinical benefit. In fact, however, the Cardiac Arrhythmia Suppression Trial
demonstrated that the suppression was harmful (CAST II Investigators, 1992).

The ideal setting for the use of a surrogate endpoint is when the surrogate endpoint lies
along the only causal pathway of the clinical endpoint’s process, and the surrogate’s effect
mediates the intervention’s entire effect on the clinical outcome. Ideally, one should have a
thorough understanding of the disease process and causal pathways, as well as a deep
appreciation of the intervention’s mechanisms of action. Admittedly, that is unlikely to occur
with MRTPs that have a multiplicity of biological and organ system effects. It is important,
therefore, to validate a surrogate used to assess the health effects of MRTPs. To be validated, it is
essential that its effect be simultaneously, prospectively, and directly assessed against the desired
clinical endpoint. In 2010, the IOM published a comprehensive report on the evaluation of
biomarkers and surrogates, Evaluation of Biomarkers and Surrogate Endpoints in Chronic
Disease; the committee refers the reader to that report for a detailed description of standards for
the evaluation of biomarkers and surrogates. Appendix B presents the framework developed by
that committee.

Since most chronic disease progression occurs over a pathogenic continuum, it is possible
that in some circumstances surrogate endpoints that are close to overt illness end of the spectrum
may have value in MRTP assessment. There may be instances where endpoints, such as coronary
calcification levels or abnormal bone architecture and density, may be adequate to be considered
in product evaluation studies. Endpoints will require a thorough evidence review and explicit
specification, and could possibly improve the MRTP evaluation process. Furthermore, some of
the outcomes can only be obtained with invasive procedures, and may not be suitable for all
research studies.

It should be noted that with respect to reflecting true disease outcomes, biomarkers have
been controversial. In general, because there have been many documented instances where
pharmacological alteration of biomarker levels has not led to disease progression in the predicted
direction, biomarkers have received limited credibility as disease endpoints (Hatsukami et al.,
2006; Hecht et al., 2010). In general, they are not acceptable alternatives to true disease
endpoints.
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PRECLINICAL STUDIES

Preclinical assessment is an established step in the evaluation of any new product. In the
case of a potential MRTP, the first step would be the analysis of harmful and potentially harmful
constituents, as discussed in previous sections. This would be followed by in vitro toxicity and
genetic toxicology tests in bacterial and mammalian systems. In these tests, extracts or fractions
of the MRTP would be compared to standard conventional products. Although all in vitro tests
have limitations, the collective results can nevertheless provide potentially useful information. If
the results of these tests signaled decreased activity compared to a standard conventional
product, the evaluation would proceed to the next stage of studies with laboratory animals. The
potential MRTP would again be compared to a standard conventional product using a suitable
animal model system. Finally, the evaluation would proceed to short-term genetic toxicology
tests in people who used the new or conventional product. The choice of the comparison product
in all of these studies is clearly important. Generally, initial comparisons should be between
products of the same class, either combusted or noncombusted. The committee discusses the
selection of comparison products further in Chapter 6.

Preclinical studies of the effects of smokeless tobacco products and combusted tobacco
products are discussed below.

Smokeless Tobacco Products

Reviews of in vitro assays (Johnson et al., 2009) and animal models (IARC, 1985, 2007;
IARC, 2004; Secretan et al., 2009) for the evaluation of smokeless tobacco or smokeless tobacco
extracts have been published. Table 3-2 summarizes preclinical studies for the evaluation of
harms from smokeless tobacco products.

In Vitro Studies

In vitro laboratory assays include the Ames test, and tests on cytotoxicity, proliferation,
and programmed cell death (apoptosis); these tests provide routine tandem toxicology analyses.
Mutation induction by Salmonella typhimurium in the Ames test or toxicologic effects noted in
various human or animal cells are evaluated after exposure to smokeless tobacco extracts. As
depicted in Table 3-2, smokeless tobacco extracts are a product of physical (e.g., grinding, freeze
drying) or chemical methods (e.g., organics: dimethylsulfoxide, methylene chloride, methanol,
acetone, ethanol; or inorganics: buffered salt solutions [Hanks, phosphate buffered saline, saline],
and water or artificial saliva) (Bernzweig et al., 1998; Lindemann and Park, 1988; Merne et al.,
2004; Rohatgi et al., 2005; Shirname-More, 1991; Yildiz et al., 1999).

Further assessment of genotoxic activities of smokeless tobacco extracts requires
standardization not only for the method of extraction, but also for levels of moisture and
humectant content.
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With widespread use of these aforementioned cell assays, molecular expression patterns
for epithelial and mesenchyme cells are also routinely determined using multispectral cytometric
instruments. However, this approach should not ignore normal physical adherence characteristics
of experimental cell targets such as epithelial and mesenchymal cells that adhere to tissue culture
surfaces; false positive or negative results may be obtained in comparison to nonadherent
immune cells that are also examined using flow cytometry. Furthermore, introduction of new
smokeless tobacco products will require incorporation of additional cell laboratory designs to
evaluate genotoxic potential.

An important cell culture design improvement is a raft three-dimension assay. This
design uses mimicry of human mucosa structure to assess genotoxic responses. In addition,
commercial molecular kits are available to facilitate examination for genotoxic change among
target cells. Some of these kits permit tagging and identification of chemical substances in cell
sites, silencing of specific RNAs, transfection of genetic material to modify specific cellular
pathways, or immortalization of epithelial cells, which facilitates cell culture growth (Andrei,
2006; Andrei et al., 2010; Singh and Nalwa, 2011).

A consistency of cell number, type, and differentiation of cell type is achievable.
However, specific attention to cell features of primary cells in comparison to immortalized (or
transformed immortalized, malignant cell lines) is suggested. It is also a practical conclusion that
persistent genotoxic cell harm will result in a redesign of the smokeless tobacco product.

Furthermore, it is also expected that assays will address loss of normal cell physiology as
reflected not only in regards to cancer, but also infection, inflammation, respiratory, or
cardiovascular disease processes. These latter pathologies are often neglected in cell studies, but
they are suspected to be indirect targets for ST-derived substances.

Animal Studies

Animal models for the evaluation of harm from smokeless tobacco or smokeless tobacco
extracts products have included Syrian hamster buccal pouch; various strains of rats that are
exposed through the diet; or various strains of rats which have undergone surgery to produce a
lip canal that allows placement of smokeless tobacco into a tube of mucosa (e.g., F344, Sprague
Dawley, Wistar, and SD). Dietary exposure among transgenic mice has also been reported.

A concentration and use pattern consistent with human exposure to smokeless tobacco
products should be employed in animal models, but this has not been achieved. Previous studies
used smokeless tobacco extracts or derivative concentrations several fold above the single self-
administered exposure by humans (Hoffmann and Adams, 1981; Palladino et al., 1986).
Moreover, smokeless tobacco and smokeless tobacco extracts handling and storage under
carefully controlled conditions is required to prevent inappropriate formation of TSNAs
(Brunnemann et al., 2002; Djordjevic et al., 1993).

At best, animal models mimic human tissue responses. However, in our present situation
with the introduction of new spit-less smokeless tobacco products (e.g., additives flavorings),
there is an increased difficulty to achieve this goal and evaluate chemical and biologic interplay
in animals. Furthermore, attention needs to be focused upon direct contact of pathology sites in
the oral cavity, gingiva/periodontum, and in nondirect contact disease tissues in respiratory and
cardiovascular sites, which have been reported to be under the oral tissue’s influence (Fisher et
al., 2005; Ismail et al., 1983).
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Animal models provide avenues to assess direct tissue damage. Additionally, animal
models also offer opportunities to determine—prior to tumor induction in the oral cavity—
infection, inflammation, or major organ damages in locations other than the site of smokeless
tobacco application.

Epithelial oral pathology changes, benign tumors, and malignant tumors are observed in
animal models and humans after exposures to smokeless tobacco or smokeless tobacco extracts
products under various study conditions. However, under identical experimental conditions, not
every study produced tumors (described in Table 3-2). In response to this observation and to
enhance tumorigenesis, a combination of smokeless tobacco exposure with chemical promoters
(in comparison to only smokeless tobacco exposures) was used to produce more local and distant
tumors. A reevaluation of smokeless tobacco with promoters is still required to include human
carcinogens such as BaP or viral infection patterns similar to human exposure.

It is also recognized that differences between animal species as reflected by liver
microsome activity, cytochrome P450 expressions, or disposition of smokeless tobacco- or
smokeless tobacco extract-derived substances result in a variability of tumor induction.
However, a consistent tissue response trend is expected to determine genotoxicity or tissue harm
(Leslie et al., 2007; Wu et al., 2002).

Persistent observed formation of tumors or pathologies associated with increased
infection, inflammation, or respiratory or cardiovascular harm will be causes for redesign of
smokeless tobacco products.

Combusted Products

A number of in vitro and animal studies have investigated the effects of combusted
tobacco products on cancer- and noncancer-related endpoints. Table 3-3 summarizes the key
models used in those studies.

Cell-Based Models

Evaluation of Oxidative and Nitrosative Stress: Oxidative and nitrosative stress is produced
by combustible tobacco products, and these reactive oxygen species and reactive nitrogen
species (ROS/RNS) lead to modifications of DNA, proteins, and lipids. Extract of combustible
products can be made by collecting the particles or passing the smoke through a saline solution.
Detection of some individual ROS/RNS components can be measured directly, such as
superoxide (luminol, dihydroethidium) or nitric oxide (2,3-diaminonapthalene) (Bertram et al.,
2009; Peluffo et al., 2009). Additionally, many of the oxidative modifications to macromolecules
can also be detected, including oxidatively modified DNA (8-hydroxy-deoxyguanosine) (Bond et
al., 1989), lipids (malodialdehyde, 4-hydroxynonenal), and proteins (3-nitrotyrosine).
Mammalian cells contain large concentrations of the antioxidant glutathione, which scavenges
ROS/RNS, resulting in oxidation of glutathione. The ratio of reduced/oxidized glutathione can be
quantified to determine the antioxidant capacity of the cells (Sussan et al., 2009). Cells that are
undergoing oxidative stress have a decline in their pool of reduced glutathione and an increase in
oxidized glutathione. Furthermore, cells respond to oxidative stress by up-regulating a large
number of stress response antioxidant and phase II detoxification genes that are aimed at
removing the stress and restoring homeostatic glutathione levels. The expression or activity of
many of these proteins, including NRF2, SOD1, NQO1, and HMOX-1, can be quantified by
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quantitative PCR, Western blots, or commercially available activity assays (Malhotra et al.,
2008).

Evaluation of Inflammation: In vitro measures of inflammation are primarily based on
production of cytokines and chemokines by epithelial, smooth muscle, and inflammatory cells
(Baarsma et al.; Mortaz et al., 2009; Starrett and Blake, 2011). Individual cytokines can be
measured at both the protein and messenger RNA (mRNA) level. Enzyme-linked
immunosorbent assay (ELISA) and Western blot assays can be used to measure protein levels,
while quantitative polymerase chain reaction (PCR) can be used to measure mRNA levels.
Additionally, nuclear factor kappa B (NF-kB) represents a major pro-inflammatory transcription
factor, and its activity often correlates with inflammation (Zhou et al., 2011). Thus,
transcriptional activity of NF-kB can be quantified via a DNA-binding assay. Other signaling
cascades, such as mitogen-activated protein kinase (MAPK) signaling, can also result in
proinflammatory responses, and activation of these pathways can be detected via specific
antibodies that detect the phosphorylated forms of key effector proteins (Cheng et al., 2009).

Evaluation for Mucus Production (Biphasic Culture): Mucus is secreted by airway epithelial
cells. A recent advance in culturing airway epithelial cells in vitro is the development of a
biphasic culture system in which epithelial cells are maintained in an air-liquid medium interface
(Whitcutt et al., 1988). This culture system reflects the in vivo situation and allows further cell
differentiation. Quantifying airway mucin synthesis in culture often relies on the characteristics
of several biochemical properties of mucin, such as amino acid and carbohydrate compositions,
molecular size and enzymatic characterization, and the presence of O-glycosidic bonds in the
isolated molecules (Kim et al., 1985; Wu et al., 1985, 1991). However, these characteristics
cannot be used practically in the routine quantification of mucin synthesis and mucous cell
population in culture. Several monoclonal antibodies that are useful in the identification of
mucous cell population and the quantification of mucin synthesis have been developed (Basbaum
et al., 1986; Lin et al., 1989; St. George et al., 1985).

Evaluation for Endothelial Activation: Recent studies suggested the involvement of
endothelial cells in the pathogenesis of cigarette smoke-induced diseases like emphysema,
chronic obstructive pulmonary disease (COPD) and cancer. Extracts of smokeless tobacco also
induce proinflammatory changes in cultured human vascular endothelial cells. Activation of
endothelial cells following exposure with cigarette smoke extract can be assessed by measuring
several different biochemical markers (Chen et al., 2004; Chen et al., 2009; Furie et al., 2000;
Guarino et al., 2011). For example, expression of adhesion molecules, such as intercellular
adhesion molecule-1 (ICAM-1), E-selectin, and vascular cell adhesion molecule (VCAM) 1 can
be assessed by Western blot or ELISA. Other markers of endothelial activation, including von
Willebrand’s factor and thrombomodulin can also be assessed by ELISA. Activated endothelial
cells also express cytokines, such as interleukin 8 (IL-8) and monocyte chemotactic protein-1
(MCP-1), that can be measured as described above. Expression of these activation markers result
in enhanced binding of endothelial cells to leukocytes, which can be observed in coculture
experiments where monocytes are added to a monolayer of endothelial cells. In these
experiments, adhesion is determined through quantification of bound monocytes.
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Animal Models

Experiments exposing animals to tobacco smoke have been conducted in hamsters, rats,
mice, dogs, rabbits, nonhuman primates, and ferrets. While it is informative to observe the
effects of tobacco products in live animal models, it is not possible to mimic human use patterns
of combusted products in laboratory animals. This necessarily introduces some artificiality to the
experiments, and limits meaningful extrapolation of the findings from animal models to human
effects.

Non-cancer Disease Rodent Models for Combusted Products: Combusted tobacco products
present a risk for pulmonary inflammation and COPD that needs to be evaluated in preclinical
models. Multiple animal models of emphysema exist, although the only true inhalation model is
the cigarette smoke model of emphysema (Harvey et al., 2011; Rangasamy et al., 2004). There
are a variety of commercially available exposure systems, which consists primarily of either
whole-body exposure systems or nose-only exposure systems. Whole-body exposure systems are
advantageous in their ability to more carefully regulate the concentration of smoke in the
exposure chamber over a period of hours. On the other hand, nose-only exposures typically
expose individual mice directly to the smoke from one or a small number of cigarettes, resulting
in a potent, although relatively short, exposure. Comparisons of the two methods demonstrate
increased levels of carboxyhemoglobin in the rodents exposed via the nose-only method
compared to whole-body exposure (Mauderly et al., 1989). Both methods are widely used, and
emphysema has been demonstrated after six months in whole-body (Clauss et al.; Ma et al.,
2005; Sussan et al., 2009; Yoshida et al.) and nose-only exposure systems (Churg et al., 2009;
Hautamaki et al., 1997). Both exposure models result in increased oxidative stress, inflammation,
and apoptosis in the lungs, and also result in alveolar destruction and airspace enlargement.
These responses are all hallmarks of emphysema. However, chronic bronchitis cannot be
replicated in rodents. Thus, the combustible products can be assessed for oxidative stress,
inflammation, apoptosis, and emphysema in lungs of rodent models.

Chronic exposure to combusted products also causes defects in pulmonary innate
immune response that increases bacterial and viral exacerbations in COPD and other diseases
(Anzueto et al., 2007; Brusselle et al., 2011). Exposure to chronic cigarette smoke causes
immune dysfunction in mice leading to bacterial exacerbations (Harvey et al., 2011). A 1-month
cigarette smoke exposure and staphylococcus enterotoxin-induced exacerbation mouse model
has also been established that shows heightened T-cell and B-cell responses (Huvenne et al.,
2011).

In addition, elastase-induced emphysema has been used as a model to determine the
effects of bacterial colonization and emphysematous lesion formation and inflammation in
hamsters (Wang et al., 2010). Cigarette smoke exposure heightens inflammatory responses in
lungs of mice infected with HIN1 (Bauer et al., 2010). Studies have also established rhinovirus
infections as a mediator of viral exacerbations in COPD patients (Mallia et al., 2011). Enhanced
secretion of chemokines and proteases were seen in each model. Thus, assessment of inhalable
tobacco products should be evaluated for their synergistic action on enhancing the inflammatory
response to virus infection or viral PAMP (poly I:C) in the lungs of rodent models.

Cancer Disease Rodent Models for Combusted Tobacco Products: Some studies have shown
that inhaled tobacco smoke can induce tumors and cancers in animal models, but the data are
inconsistent. Studies in hamsters have produced convincing evidence that exposure to cigarette
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smoke induced an increased incidence of larynx alterations and cancers. In these experiments,
the severity of the alterations correlated to dose and duration, while control hamsters did not
develop any alterations (Dontenwill et al., 1973). Studies in mice and rats have produced less
consistent results, but two relatively recent studies demonstrated significant incidences of
respiratory tract tumors. In a study by Mauderly et al. (2004), rats exposed to cigarette smoke
had a convincing, although moderate, increase in tumors of the lung and nasal mucosa. In a study
by Hutt et al. (2005) with mice, exposure to cigarette smoke significantly increased incidence of
lung adenoma (28.2 percent in treated, 6.7 percent in control), adenocarcinoma (20.3 percent
versus 2.8 percent), total benign pulmonary neoplasms (30.9 percent versus 6.7 percent), and
other changes. Both the Mauderly and Hutt studies were characterized by lengthy exposures to
high concentrations of cigarette smoke. It would be important to replicate these results and to
determine whether either of these protocols could become a standard model for cigarette smoke
evaluation (Hutt et al., 2005; Mauderly et al., 2004).

The A/J mouse is highly susceptible to lung tumor induction and has been widely used as
a screening test system in carcinogenicity evaluations. K-ras oncogene activation is associated
with enhanced risk for lung tumor susceptibility, illustrated by presentation of pulmonary
adenoma. In one replicated exposure protocol, benign lung tumors are reproducibly induced in
this strain by a mixture of 89 percent cigarette sidestream smoke and 11 percent mainstream
smoke, using an exposure period of 5 months followed by a 4-month recovery period. The
response was due to the gas phase of cigarette smoke, and can be used to investigate the effect of
second hand smoke on lung tumorigenesis (Witschi, 2004). Whole-body exposure to diluted
cigarette mainstream smoke for 5 months followed by a 4-month postinhalation period gave a
concentration dependent tumorigenic response, mainly as pulmonary adenomas in A/J mice as
well as in Swiss SWR/J mice. Using this protocol, Stinn et al. (2010) demonstrated that the
particulate phase presented the major tumorigenic potency. Further exploration of these models
for routine evaluation of combusted products would be desirable.

Experiments exposing animals to fractions of tobacco smoke and its condensate have
been conducted to evaluate the carcinogenicity of tobacco smoke constituents. Mouse skin
testing of smoke condensate and its subfractions has consistently demonstrated induction of both
benign and malignant tumors. Mouse skin testing is particularly sensitive to polycyclic aromatic
hydrocarbons, tumor promoters, and cocarcinogens, and should be part of any battery of
evaluative assays. Skin application studies have also been conducted in rats, Syrian hamsters,
and rabbits (IARC, 2004). Table 3-4 summarizes selected studies of carcinogenicity in response
to different methods of tobacco smoke condensate administration.
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Human

Detection of mutagens in the urine of smokers has been shown to be an effective and
reliable method of quantifying human exposure to mutagens created by combusted tobacco
(Kriebel et al., 1985; Putzrath et al., 1981; Yamasaki and Ames, 1977). These methods involve
concentrating organic compounds from urine and evaluating the mutagenicity of the resulting
mixture with the Ames test. Aromatic amines and heterocyclic aromatic amines have particularly
high activities in these assays, so the results obtained from studies of smokers’ urine may mainly
reflect the concentrations of these compounds. Studies have shown that urinary mutagenicity
increases with the number of cigarettes smoked (Kuenemann-Migeot et al., 1996; Tuomisto et
al., 1986), and that mutagenicity of urine from individuals who used products that heat rather
than burn tobacco is similar to that of nonsmokers (DeBethizy et al., 1990; Doolittle et al., 1989;
Smith et al., 1996).

Cytogenetic damage, including micronuclei (Bonassi et al., 2003), sister chromatid
exchange, and other chromosomal aberrations can also be detected in the cells of smokers. Sister
chromatid exchange in peripheral lymphocytes of smokers has been shown to be consistently
higher in smokers than in nonsmokers (Rowland and Harding, 1999; Sarto et al., 1985).

Summary of Preclinical Studies

While preclinical assays for toxicity and carcinogenicity can provide relevant and
meaningful data about tobacco products, these assays are limited in their usefulness in this
regulatory context. For the purposes of evaluating MRTPs, scientific evidence should be able to
support the inference that a particular MRTP will reduce the rates of tobacco-related disease
compared to another conventional product.

Preclinical assays alone are fundamentally incapable of supporting such a claim. The
majority of the technologies used to test in vitro toxicology were not generated for testing
tobacco products and their toxicity (Johnson et al., 2009). These methods “are not reliably
quantitative to allow valid comparisons of substantially different tobacco products with differing
yields of complex chemical mixtures” and “provide data that cannot reliably be extrapolated to
infer human cancer risk” (Johnson et al., 2009). As such, evidence produced by these methods
cannot by itself support the inference that an MRTP will produce less harm than another product.

Nevertheless, preclinical assays of toxicity still play an integral role in the evaluation of
MRTPs. These toxicology methods are primarily intended to be used as screening methods to
identify potential human carcinogens. These assays are essential in identifying particularly risky
or toxic products that should not be tested in humans and for identifying products that have
reasonable potential for success and should therefore proceed to clinical evaluation. The role of
these tests is to ensure that products that proceed to clinical evaluation in people are not
unnecessarily risky and have a reasonable potential to ultimately reduce harm. No one assay can
do this alone, as each assay is limited in its scope. A complete battery of preclinical assays
should be required prior to committing a product to clinical evaluation. At a minimum, the
battery should include assays with consistent and reproducible results and that reach across a
wide spectrum of mechanisms and types of toxicity, such as: (1) in vitro toxicity and genetic
toxicology tests; (2) appropriate animal studies; and (3) urinary mutagenicity and sister
chromatid exchange in smokers. The proper role of these assays is as gatekeepers to long-term
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studies in humans, which include not only studies of health effects in individuals but also studies
of population effects and behavioral effects.

Going forward, it should be anticipated that new assays that specifically focus on tobacco
products, that are intended to produce evidence upon which reliable comparisons can be made
between products, and for which inferences about human effects can be reliably made will be
developed and should be added to the evaluation process. Over time, the assays discussed in this
section may become outdated as technology advances and develops. In the future, it is possible
and indeed likely that new assays will be developed that may specifically focus on tobacco
products. These assays could be designed to produce evidence intended for comparisons between
products, or evidence intended for inference about human effects. These assays should be added
to the evaluation process.

CLINICAL STUDIES

Clinical Trial Methods

The use of appropriately designed clinical trials will be important to establish, whether
use of the MRTP reduces exposure to toxicants or induces positive changes in surrogate markers
as claimed by the manufacturer. While people who have never used tobacco products cannot be
randomized to begin using tobacco products (including MRTPs) in the longer term, there may be
advantages from certain trial designs involving substitution of conventional tobacco products
with the MRTPs. This design has similarities with a clinical trial evaluation of a smoking
cessation intervention. This topic has recently been reviewed (Hatsukami et al., 2009), and so the
committee will not reiterate this material here. Short- and intermediate-term clinical trials—
where the research participants use the product regularly throughout the day rather than in the
confines of a laboratory setting—are thought to provide a better approximation to real-world use.
This is particularly true in regard to the question of an MRTP’s ability to be a substitute for
cigarettes. Typically, there are “forced switching” studies, where the participant ceases using
traditional cigarettes and uses the MRTP for a fixed period of time. Use patterns of the MRTP
can be prescribed (controlled use) or can be left to the participant (ad /ibitum). Such studies can
be conducted in the field (i.e., research participant brings the MRTP home) or in a residential
setting (i.e., research participant is confined for the duration of the study). Residential settings
offer the advantage of stricter control over exogenous factors that could affect biomarkers of
exposure or risk (e.g., diet, environmental exposures, etc.) and facilitate compliance with product
use. However, these are necessarily contrived and so represent a best-case scenario for product
use. Nonresidential studies are more difficult to control and compliance is more difficult to
assure, but they are more accurate representations of user behavior. Studies in this idiom have
consisted of 12—120 participants, typically containing 10-20 participants per experimental arm.
Intermediate-term trials have typically been conducted in the field, but designs have been more
varied, ranging from relatively tight prescription of product use to more observational designs.
Intermediate-term trials have an advantage of stabilization of use of the MRTP with time.

As one can readily appreciate, demonstrating that an MRTP can achieve measurable
changes on clinical endpoints may require large, long-term trials. These designs are sometimes
questionable from a perspective of feasibility, are undoubtedly costly, and can only provide
useful data after years of investigation. In most studies described in the literature, biomarkers of
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exposure (e.g., NNAL, cotinine, 1-HOP) and/or risk (8-epi-prostaglandin F2a, forced expiratory
volume in one second [FEV1], CRP) have been assessed as the main outcomes. The ability to
demonstrate in a randomized trial the significant reduction of a range of biomarkers of exposure
and/or risk, in the absence of significant elevation of others, will be critical to the consideration
of an MRTP application.

There may be other situations where randomized trials can be employed for the
evaluation of specific health effects of MRTPs. While the pathogenesis of the primary tobacco-
related chronic diseases (e.g., various cancers, heart disease, and stroke) is thought to take place
over many years, there are a number of conditions where MRTP effects could be evaluated over
a relatively short (< 2 years) time frame. An emphasis on shorter-term clinical outcomes might
be one important way to achieve relevant information about the potential health impact of an
MRTP. Although not an exhaustive list, Box 3-2 presents a list of examples of health outcomes
that MRTPs might be evaluated for relative to smoking and smoking cessation.

In clinical trial design, the use of at least one control arm is crucial. Previous trials have
employed various control groups, including arms involving those that continued smoking, those
that undertook smoking cessation, and those that switched to medicinal nicotine. Use of a
continued smoking arm is necessary to compare exposure and risk reduction while using novel
products with levels associated with traditional product use. A cessation arm (where participants
may quit with or without pharmaceutical aids) provides researchers with a comparison of the
MRTP with the greatest possible exposure or risk reduction. Broadly speaking, a desirable
outcome for MRTPs would be a pattern of exposure and risk biomarkers closer to the cessation
level than the smoking level. Standard analytical techniques, such as the intention-to-treat
principle, would generally be applied to this fundamental design. It is important to recognize that
no single randomized controlled trial can address all of the health effects caused by tobacco use.
Replication of clinical trial results is an almost universal requirement in the regulation of drugs.
While replication frequently is interpreted as the replication of results using an identical protocol
design, replication requirements can be met by the confirmatory evidence standard. In fact, from
a psychometric point of view, stronger conclusions are possible if congruent results are obtained
using different measures and methods.

Participant selection and recruitment are important considerations for the generalizability
of clinical trial findings. Typically, pregnant and breastfeeding women, children, and those with
unstable physical or mental illness have been excluded from MRTP studies. Typically, minimum
daily cigarette consumption values are specified for smokers (often > 10 cigarettes per day), and
concurrent use of other forms of nicotine or prior experience with the MRTP is proscribed.
Research participants have typically been recruited through community advertising (e.g., flyers,
newspapers) seeking smokers willing to test new and potentially less risky products.
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BOX 3-2
Some Examples of Short-Term Health Outcomes for which MRTPs Might be Evaluated

1. Short-term vascular phenomena, such as intermittent claudication or Raynaud’s disease, which
may be responsive over a short term Ankle-Brachial index

2. Mitigation of tobacco-related skin conditions, such as psoriasis or hyperhidrosis

3. Alterations in surgical wound healing, which are known to be tobacco sensitive

4. Variation in the progression and impact of periodontal disease, which is sensitive to tobacco
use

5. Alteration in the progression or regression of precancerous mucosal lesions in the oral cavity,
where frequent evaluation is feasible

6. Time required for a fracture to heal, also related to tobacco exposure

7. Alteration in the rates of tobacco-related outcomes of pregnancy associated with MRTP use,
including fetal death, premature labor and delivery, and low birth weight infants, could be
assessed in a relatively short period of time

8. Lung function, pulmonary function testing

9. Blood Pressure

The Role of Clinical Trials in the Evaluation of MRTPs for Health Effects

Overall, despite the limitations of clinical trials for product evaluation, the committee

recognizes the critical role for clinical trials in evaluating the effects of MRTPs on human health.
The committee suggests that clinical trial designs consider the following key points, adapted
from recommendations provided by Hatsukami et al. (2009):

Trial designs where biomarkers are used as primary or secondary endpoints should be
informed by the half-life of the biomarker(s) examined and the time needed to
stabilize use behavior of the MRTP. Determining the stabilization of product use
behavior may require a longitudinal trial.

Clinical trial designs should use both a controlled use approach and an ad libitum
approach in complementary studies.

Any clinical trial should include at least two control conditions—usual brand use and
cessation—to allow examination of the relative effects of the MRTP on biomarkers of
exposure or risk.

Short-term residential and nonresidential studies and intermediate-term clinical
studies have different strengths and limitations, and proper evaluation of MRTP
effects may require several or even all these study designs. Use of these different
study designs will assist for cross-validation.

Participants in trials should be drawn from a broad cross-section of the population,
considering sex, race or ethnicity, smoking or tobacco use history, degree of
dependence, stage of change, socioeconomic status, and genetic makeup (e.g., rate of
nicotine metabolism).
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Observational Methods

Observational epidemiologic studies play a critical and central role in the evaluation of
MRTPs. While they will rarely, if ever, have the compelling scientific credibility of experimental
designs, these methods form the basis for most evaluation studies of regulated products in the
community. This is true particularly in the postlicensure/postcertification period, but also during
the initial regulatory evaluation.

Given the great diversity of health consequences of tobacco use (see Table 1-1 in Chapter
1), determining the contrasting potential effects of MRTPs on disease outcomes and population
health is a difficult matter. Long, intensive, and robust studies of actual health outcomes would
be required to fully evaluate the net effects of MRTPs relative to conventional tobacco products.

An exhaustive, multidisciplinary approach to plan and execute epidemiologic studies to
evaluate the relative impact of various MRTPs on health status and outcomes—behavioral,
biochemical, genetic, and pathophysiological—are all necessary at some level. In some cases full
answers may not be possible; however, in many cases, rigorously designed studies are likely to
be extremely useful in making important policy decisions.

This section provides an overview of the types of epidemiologic and related studies that
can address the issues noted above. It is divided into four sections relevant to regulatory and
related policy decisions:

1. considerations on studying disease-exposure associations;
2. general design issues for epidemiologic and related studies;

3. evaluating outcomes for various conditions, including the selection of research
conditions and the contingencies for each disease category; and

4. types of feasible study designs.

Preliminary Considerations in Studying the Disease Outcomes Associated with MRTPs

There May Be Many Potential Types of MRTPs and Many Patterns of Usage

One of the critical general issues in exploring the health impact of MRTPs is the
multiplicity of products that may become available and the potential variation in their
characteristics. Product type and the purported mechanisms by which it is expected to reduce
disease risk by necessity inform the type of epidemiologic studies that can be effective in
evaluating its health effects. If there are many products with potentially diverse pharmacological
and biological effects, evaluating each separately could be a great logistical challenge. In
observational studies, it is axiomatic that the product(s) involved should be unambiguously
identified so the effects of MRTP exposure can be disentangled from other tobacco products.

Based on available information, it may be necessary to combine various products into a
manageable number of analytical categories in order to conduct statistically robust studies. The
construction of these categories should, however, be scientifically credible. A related issue is that
over time individuals using MRTPs may switch products at irregular intervals, use them at

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Scientific Standards for Studies on Modified Risk Tobacco Products

102 SCIENTIFIC STANDARDS FOR STUDIES ON MODIFIED RISK TOBACCO PRODUCTS

varying rates, use them interchangeably, or even use them simultaneously with conventional
tobacco products, making it very difficult to credibly document use patterns that can be related to
health outcomes in observational studies. A similar issue arises if many products are not widely
used in the general population; in this case, there may be insufficient population exposure to
confidently assess particular health outcomes. It is likely that only products with substantial and
long-term general market sales in the general population will be suitable for epidemiologic
assessment of MRTP-related disease occurrence, that is, largely for postcertification activities. It
is also possible that MRTPs that have been consumed in the community over a long period may
have changed in content and exposure yields, thus complicating exposure assessment.

The Diversity of Diseases and Conditions Caused by Conventional Tobacco Products

Tobacco use, particularly cigarette smoking, causes a large number of diseases and
conditions associated with their use (HHS, 2004a, 2006). Diseases and conditions caused by
active cigarette smoking are summarized in Table 1-1. Thus, an important conceptual issue is
which conditions should be evaluated for alteration when evaluating MRTPs. It is obvious that
not all tobacco-related conditions can be assessed, and policy decisions on evaluative strategies
need to be made. Also, it is possible that different MRTPs will have different effects on different
disease processes. For example, there is no necessary a priori reason to believe that an MRTP
that reduces the risk of atherosclerotic disease may yield the same effects on risk of various
cancers, bone fracture, premature delivery, or Alzheimer’s disease. The multiplicity of
potentially available health outcomes requires careful consideration when selecting
epidemiologic study designs. Epidemiologic assessments will be much more efficient if targeted
to specific diseases and conditions based on hypotheses grounded in previous literature reviews
of the product—disease associations, the known chemical constituents of the MRTP, the
constituents to which product users are exposed, and other suggestions from professionals or the
public. It is conceivable or even likely that different types of study designs may be needed for
different disease outcomes. For example, a study evaluating the effects of an MRTP on lung
cancer may be structured differently from one assessing atherosclerotic outcomes. In fact, it is
entirely possible that an MRTP may decrease the risk of some conditions while increasing the
risk of others, even those that are not necessarily caused by tobacco smoking. The design of
studies to assess offsetting risk can be extremely complex, and policy decisions will have to be
made as to how this issue should be regarded. All of this reinforces the need to mandate
epidemiologic precertification studies that are directed by the best exposure and toxicological
data available.

General Design Issues for Epidemiologic and Related Studies of MRTP-Disease
Associations

The Importance of Determining “Acceptable” Effect Size Differences Among Products

As population studies are developed for evaluating the health impact of MRTPs, there
may be value in establishing in advance the policy for interpreting various study effect sizes as
the differences between outcomes of MRTPs versus tobacco emerge. That is, how much of a
decrease in disease rates is important to individuals trying to change their smoking habits, and
what differences should lead to certain regulatory decisions? And how much difference should
occur before a product can be called an MRTP? In general, such policies should be determined
aside from statistical significance, although the latter is important. For example, if an MRTP,
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ceteris paribus, yielded a hypothetical 2 percent reduction in lung or bladder cancer rates over a
defined time period, would that be a suitable basis for regulatory decisions or compelling enough
for a smoker to change products? And what if the effect is different over a longer time period?
Such regulatory decisions may be more problematic given that the impact of the MRTP on other
conditions may not be well understood. Considering acceptable “effect sizes” early on may help
define the sample sizes and other design features of proposed studies.

The structure of studies that contrast risk of disease among MRTPs and conventional
tobacco products is of paramount interest, and, speculatively, many potential MRTPs with
substantial reduction in toxic exposures may show reductions in disease risks. This is likely
given the high toxic exposures that occur due to use of conventional cigarettes. However, studies
that contrast disease risks conferred by competing MRTPs may be more challenging because
exposures are lower and confounding factors may become more important. This problem should
be considered in structuring such studies.

Strategies to Increase the Efficiency of Study Designs in Exploring MRTP-Associated Disease
Risks

In conventional cohort studies, as discussed below in more detail, health outcomes among
those persons using MRTPs are prospectively compared to those using conventional tobacco
products, and it may take many years for answers to appear. This is because the incubation
period of many smoking-related conditions may extend to decades, and there may be no basis for
understanding how long it may take to show differences among those using MRTPs, even with
lesser cumulative exposures to certain tobacco constituents. This is especially true since many
persons in these study cohorts would be former smokers, and disease pathogenesis is already
underway. However, some strategies exist that may be explored to enable acquisition of earlier
answers:

1. Some diseases emerge earlier than others after tobacco initiation, or decrease more
rapidly when conventional tobacco products are withdrawn, and in these situations it
may be possible to acquire earlier answers regarding MRTP health effects. An
important example is coronary heart disease, where withdrawal of cigarette smoking
is associated with a clear reduction in disease risk within a few years of smoking
cessation. Another important example could be evaluating the relative effects of
MRTPs and conventional tobacco products on pregnancy outcomes. While all
pregnant women should be strongly discouraged from all tobacco use, those who
cannot or will not quit may be approached to use alternative products, and answers to
problems such as fetal loss or premature delivery may be available relatively quickly.
Such study designs will require substantial consideration and thorough ethical review.

2. An additional approach is to focus on various population groups that are at
particularly high risk of disease outcomes of interest. One obvious approach is to
enrich disease outcome studies with individuals possessing high-risk factor levels
(other than tobacco use) for those conditions. This may allow smaller sample sizes
and possibly shorter study intervals. For example, rates of cardiovascular disease
outcomes would be increased by enrolling those with elevated blood pressure and
cholesterol levels, or familial hypercholesterolemia and diabetics. Selected
occupational groups where smoking levels are high in addition to job-related
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exposures may be at special risk of lung tumors, such as in uranium or asbestos
miners, and textile workers. Smokers who have had one tumor that is “cured” are at
greater risk of a second tumor (e.g., those with head and neck cancers), and may be
important research participants. All of these groups may be suitable for clinical trials
or observational studies of MRTP health effects.

A related general approach to possibly accelerate informative studies on the role of
MRTPs in altering risks and rates for important diseases and conditions is to focus on
population groups with higher prevalence rates of conventional tobacco use.
Examples of groups with higher cigarette smoking rates include certain minority
groups, persons with lower socioeconomic status, sexual minorities, individuals with
psychiatric conditions and substance abuse other than tobacco, and disabled
individuals. Focusing on such populations may lead to efficiencies in study
recruitment, and because of higher rates of smoking, such populations should be
given special consideration for emphasis in reducing smoking-related morbidity and
mortality. As above, these high-risk populations may be important candidates for
trials or observational studies.

The use of composite health outcomes could also increase the efficiency of MRTP
evaluation studies. Conventional cohort studies (see below) can yield data on all
disease outcomes for which information is sought. However, understandably, these
studies examine single disease outcomes separately, following specified hypotheses
and exploring biologically and toxicologically plausible causal pathways. But since
these studies yield many tobacco-related outcomes of importance, such as major
diseases and causes of death associated with cigarette smoking, there may be
scientifically credible value in pre-specifying and exploring composite outcomes,
possibly increasing the efficiency and decreasing their duration. One of the most
obvious would be to create an outcome consisting of any of these major diseases,
whichever comes first. In fact, this is an approach used in some cohort studies and
clinical trials. The issue has been perhaps best evaluated with respect to varying
causes of death, where smoking leads to any number of important illnesses, most
precluding the occurrence of the others, a phenomenon called “competing mortality.
Since it is an important goal for MRTPs to prevent and alleviate suffering from a
variety of diseases, composite outcomes may more accurately reflect general health
outcomes, in the same way that self-reported health status and disability-adjusted life
years summarize health status across individual disease states. It might even be
worthwhile to weight disease outcomes in terms of clinical importance or likely
relation to product use (e.g., with lung cancer receiving a higher weighting than
chronic bronchitis). The use of a composite category in no way precludes evaluating
individual disease outcomes.

2

Consideration of Confounding Factors in Epidemiologic Studies of Tobacco, MRTPs, and
Altered Disease Risk

Almost all epidemiologic studies can be subverted if confounding factors—factors

associated with both the likelihood of exposure and disease outcomes—are not taken into
account. Often, these are the very risk factors that explain why some persons are at greater risk
of various diseases, such as hypertension, hypercholesterolemia and diabetes, and the risk for

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Scientific Standards for Studies on Modified Risk Tobacco Products

EVIDENCE BASE AND METHODS FOR STUDYING HEALTH EFFECTS 105

atherosclerotic diseases. One would not want to falsely attribute an altered disease risk associated
with an MRTP when the contrast groups actually differ in other risk factors that can explain the
observed differences.

Another example of confounding is the common situation where epidemiologic studies
contrast continuing cigarette smokers with those who change to MRTPs. The latter group may be
less addicted to tobacco and nicotine, and thus may have quantitative tobacco exposure
differences that need to be considered in assessing disease risk. Determining patterns of MRTP
use and levels of exposure will be very important in assessing product-disease associations.
Comparative studies of these groups should attempt to adjust for these exposure differences
among the contrast groups.

Also, as suggested above, an important example of confounding associated with tobacco
addiction is the fact that cigarette smoking is associated with increased prevalence rates of a
variety of psychiatric illnesses, including various substance use and abuse syndromes including
alcohol and illicit drugs. Thus, for maximum analytical specificity in evaluating MRTPs, it
would generally be important to try to acquire a history of psychiatric illnesses and related
substance abuse activities that may in themselves lead to adverse health outcomes. If the
illnesses and substance use rates are lower among those able to switch to MRTPs, this could
confound study findings.

Other situations exist where confounding may be important when considering studies that
contrast disease outcomes of MRTPs versus conventional tobacco products:

a. Cigarette smokers often try to stop smoking, as documented in this report, but it may
be important to understand some of the motivations. Some smokers stop smoking or
change tobacco products because of overt incident diseases or the self-perception of
abnormal symptoms or related clinical problems. It is important to obtain a history of
these events when conducting epidemiologic studies; otherwise, product use may
appear to be associated with increased disease risk when in fact they were used
because of the advent of clinical problems.

b. Another related issue that occurs with such studies is that smokers often use aids to
assist in smoking cessation, such as nicotine-containing products or other
medications. It is documented that many of these smoking cessation aids have their
own set of adverse clinical events (Singh et al., 2011), and to the extent possible their
use should be carefully monitored and not be confused with MRTP-associated effects.

c. Comorbid conditions in smokers and MRTP users are also potential confounders that
will need attention. It is not surprising that current and former smokers may have
higher rates of various medical conditions than nonsmoking populations. The
presence of such conditions and their treatments prior to study onset can confound the
evaluation and interpretation of MRTP or tobacco disease outcomes, and should be
scrupulously documented in all epidemiologic and related studies of product
contrasts. It should be emphasized that assessment of disease treatments is also
extremely important. Extensive treatments of important diseases may be indicative of
more severe disease processes, and they may be associated with higher rates of
secondary complications, such as from percutaneous coronary stents or adjuvant
chemotherapy.
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In the genetics/genomics era, gene variants have been discovered that may affect the
pharmacological and pathogenetic effects of both cigarettes and MRTPs, as well as
various disease outcomes (NCI, 2009). In a sense, for the purposes of product
evaluation, genes may become confounders of product-outcome assessments, as they
may relate both to product use behavior and to the clinical outcomes. The relevant
genetic literature should be monitored so genetic studies can be made if they become
an important part of causal pathways. The committee recognizes that people may be
increasingly likely to have genome scans or other genetic tests, and availability of
such information should be monitored.

For the past several years in the United States, cigarette smoking rates have been
higher among persons with lower socioeconomic status (CDC, 2011a); that is, lower
educational attainment and personal and family income, and more “blue-collar” jobs
that are likely to encumber higher rates of adverse occupational or environmental
exposures. Epidemiologic studies that compare smokers with nonsmokers or MRTP
users thus need to scrupulously adjust for socioeconomic differences among these
groups in order to avoid confounding by this potent factor, which is related to both
tobacco use and rates of adverse health outcomes.

Because of social and regulatory pressure on smoking behaviors, cigarette smokers
tend to congregate with each other, or find themselves together in designated smoking
venues. Thus, in epidemiologic studies of MRTPs that include biomarkers or more
concrete health outcomes, the role of secondhand smoke exposure can be an
important determinant. This problem should lead to routine data collection of
secondhand smoke exposure as part of observational study methodology.

In this era of rapid changes in tobacco-related public health policies, legislation (e.g.,
increased tobacco taxes), and health information, it is possible that changes in secular
events could significantly influence such outcomes as tobacco use and cessation,
likelihood of adoption of MRTP use, and engagement in other health-relevant
behaviors (exercise, use of statin drugs). This calls for careful evaluation of not only
such secular events but also the possible consequences of such events, so that these
can be used as covariates or time-varying covariates, depending on the nature of the
research design.

In certain observational studies ascertainment and detection bias may be an issue. For
example, ex-smokers switching to an MRTP might be under more surveillance than
other populations, or higher-risk subjects may undergo additional diagnostic tests or
screening, which may skew the results. Consideration of detection and ascertainment
bias is particularly important in the design and evaluation of longer term
observational studies.

Benchmarking the Health Effects of MRTPs

A generally useful but sometimes tacit presumption in evaluation studies of MRTPs is

that “conventional” tobacco use is the health benchmark against which MRTPs are evaluated.
However, this could be difficult to execute in the common situation where a credible lifetime
history of cigarette smoking is difficult to obtain. Researchers may also benchmark MRTPs with
each other and with the health outcomes of nonsmokers, and this may also be of value in making
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policy decisions. An explicit approach to benchmarking health outcome levels is extremely
useful and could encompass a range of tobacco products or MRTPs. These should be declared in
advance of proposed health studies.

Evaluating Health and Disease Outcomes in the Study of MRTPs

There are several potential types of response variables (outcomes) to MRTPs and tobacco
products in observational studies and other clinical and population research. The advantages and
limitations of using biomarkers and surrogate endpoints were discussed earlier in this chapter. It
should be noted that with respect to reflecting true disease outcomes, biomarkers have been
controversial. In general, because there have been many documented instances where
pharmacological alteration of biomarker levels has not led to disease progress in the predicted
direction, biomarkers have received limited credibility as disease endpoints (Hatsukami et al.,
2006; Hecht et al., 2010). In general, they are not acceptable alternatives to true disease
endpoints.

Furthermore, for many years there has been substantial concern about adopting surrogate
endpoints as the sole measure of therapeutic efficacy in clinical trials, particularly since there are
very important counter-examples in the history of drug regulation where surrogate endpoint
control did not lead to disease prevention or amelioration; such intermediate endpoints included
blood pressure control, antiarrhythmic treatments, and cholesterol-lowering agents.

General Epidemiologic and Related Study Designs for Assessing Altered Disease Risk or
Mitigation Associated with MRTP Use

In general, except for short-term pharmacological or toxicological studies and some
behavioral interventions, disease risks associated with MRTPs will be assessed with
observational studies, although there is certainly room for clinical trial methodology, as noted
previously, because of their growing importance to translational science. A panoply of
observational research designs is available, and only a few of the most basic and central will be
discussed here.

Cohort Studies in MRTP Assessment

Cohort studies are obvious candidates for the evaluation of MRTPs, and over the years
they have been an important instrument of tobacco product evaluation (FDA, 2011b). In this type
of study design, persons with various product use habits are followed into the future to assess
variation in clinical outcomes. These studies have several important strengths:

e Biochemical tobacco and MRTP exposure assessments can be made at baseline,
offering “unbiased” exposure assessment before health outcomes occur.

e There is less of a problem with retrospective recall of product use, as this
information is summarized at the start of the study and followed prospectively.

e Changing product use habits can be monitored concurrently as the study
progresses.

e Outcomes are documented as they occur, and verification becomes more efficient.
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e A wide variety of outcomes can be evaluated in the same study, particularly those
that are more common.

Indeed, cohort studies allow assessment of overall health status and outcomes. However,
there are also prominent or at least potential limitations to this design:

e Important and severe chronic illnesses may be uncommon and take many years to
occur, even in a population of cigarette smokers, and thus the studies may require
many years, large sample sizes, and substantial resources to complete.

e If exposure to MRTPs is limited in the community, these studies may be
underpowered and inefficient.

e MRTP or tobacco product use habits may change over time, and thus determining
and analyzing differential exposures may be complex.

Efficiencies could be obtained in part by enrolling only persons who use certain tobacco
or MRTP products in a cohort study. Depending on whether the contrast group for MRTP
evaluation is nonsmokers or never smokers, one variation of a general cohort study approach is
to create “inception cohorts” of those beginning MRTP use for the first time. This is similar to a
“new-user” cohort when evaluating drug use outcomes. However, the logistics of this type of
study and maintaining the cohort for many years would always be challenging.

One additional, possibly more efficient approach would be a retrospective cohort study,
where the data have already been collected. This might occur in the situation, for example, where
the product (tobacco and MRTP) purchasing behavior of a large group of persons has been
previously recorded, and the population had been monitored for relevant health outcomes.
However, this would not apply to MRTPs never on the market, and there would be a problem of
ascertaining important confounding variables to conduct a credible analysis. It is not likely that
many such retrospective cohorts would be available, and in such situations, important
confounding factors may not have been collected.

Finally, an additional strategy to increase efficiency of prospective cohort studies is to
include additional questions and measures of biomarkers to concurrent studies.

The Important Role of Case-Control Studies

Another important instrument of observational epidemiology is the case-control study,
where persons with a particular health outcome or disease are the cases and a healthy control
group is used to contrast the history of exposure to whatever exposure is being evaluated. Case-
control studies are commonly used because of their efficiency in assembling study participants,
including the circumstance where the outcomes are not common in general populations. Further,
this method has been used widely to evaluate the impact of preventive interventions (Weiss,
1994). 1t is possible to contrast product exposures among those with varying levels of biomarkers
or disease outcomes—intermediate or clinically overt—with “controls” who have no evidence of
disease and have normal disease-related biomarker levels.

As in the situation of cohort studies, however, case-control studies encumber many
important methodological issues that require attention, in addition to the confounding problem
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noted above. These include:

e cases and controls should have the same source population to allow more credible
contrast;

e exposures to MRTPs should have had sufficient time to occur, and be generally
available so usage can be evaluated;

e diseases (cases) can only be assessed one at a time, no overall health impact is
usually possible; and

e cxposures can only be assessed retrospectively, which can be a problem because
of lapses in recall or memory, the so-called recall bias.

As in all case-control studies, the accuracy of retrospective recall of exposure can
decrease scientific credibility and usefulness. Nonetheless, for evaluating MRTPs that have had
community usage, the case-control study will remain an important tool.

Crossover Designs

When the outcomes are short term and/or recurrent, particularly when using biomarkers
or intermediate endpoints, an observational crossover (or “case-crossover”) design becomes
feasible and informative. In its most simple form, a research participant serves as his own
control, and the outcome of interest is assessed during each of the exposures of interest. Then,
for example, the effects of cigarette smoking can be compared with exposure to an MRTP. This
“self-control” approach eliminates many potential “within-person” confounders, but it assumes
that the effect of the first exposure does not carry over when the switch to the other exposure
occurs. Crossover designs could be used to evaluate participants who switch from one MRTP to
another, or who switch from an MRTP back to cigarettes or other tobacco products.

Applying the Methodology of Comparative Effectiveness Research (CER)

The methodology of CER is basically designed to more critically inform health care and
policy decisions by comparing health outcomes associated with different clinical interventions
(usually therapies) for a particular disease or other clinical situations. While CER methods
include clinical trials, most approaches have been developed for observational study application,
particularly in the analysis of clinical cohorts. CER can sharpen or extend observational
methodology that could provide additional approaches for comparing smokers and nonusers of
tobacco with those using certain MRTPs. Methods such as propensity scoring (the likelihood of
switching options, e.g., MRTP or conventional products) and instrumental variable analysis (to
adjust for unmeasured confounders) are routinely used in non-CER research, but offer additional
techniques for exploring causation. CER also offers techniques to review and synthesize the
medical literature and identify important gaps, promote new analytical tools, and translate
research findings to diverse stakeholders (IOM, 2009). While CER does not claim to provide the
same level of causal inference that might be derived from a randomized experimental design, its
promise is to provide more credible answers when only observational data are available.
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Summary of Observational Studies

There is no overriding conflict between observational and experimental methods and
designs; rather, the contributions of both study designs are complementary and will be necessary
for thorough evaluation of MRTPs. It is important to note that even when randomized clinical
trials for health and behavioral outcomes are feasible and performed, subgroup analyses of these
data are essentially observational in nature. Each general approach to scientific inquiry is really a
large suite of study designs, to be chosen and exploited in the combinations that yield the best
possible answers to the health and safety questions of interest. Consideration of study designs in
general depend on them having suitable feasibility in execution, scientific credibility,
responsiveness to informing policy decisions, and efficient use of available resources. The
scientific and regulatory reality is that most of the population outcome studies can only be
satisfied with the best observational studies possible. There are several reasons for the centrality
of observational methods:

a. There are substantial ethical limitations on the application of MRTPs or contrasting
conventional tobacco products in planned intervention studies, although some
situations do allow for such interventions. A discussion on the ethical considerations
of tobacco research is found in Chapter 2.

b. Research participants in randomized trials can rarely be expected to adhere to a
particular intervention or product for long periods of time, as is true of drug or other
intervention trials, so that summarization of usage patterns will require detailed and
complex observational techniques. This is crucial to measuring personal exposure to
MRTPs and conventional tobacco products, so the exposure “dose” can be assessed
as accurately as possible and related to health or behavioral outcomes of interest.

c. Behavioral patterns of MRTP use and myriad health outcomes that may be
anticipated yield a level of complexity that can often not be captured in experimental
designs, no matter how desirable. This complexity limits the nature and execution of
experimental designs.

d. Data on MRTP product marketing and distribution are in essence observational.
These data play an increasingly important role in the evaluation of population
exposure to various MRTPs or conventional tobacco products, and they help set
boundaries to better understand potential rates of potential adverse events.

e. MRTP manufacturers and marketers will change product formulations, designs, and
advertising modes and presentations in order to maximize sales. Such activities will
likely work to subvert experimental studies where adherence to a particular MRTP is
a fundamental part of the study design.

f. Community surveillance for adverse effects of MRTPs is for the most part an
observational activity, including such sources as (a) citizen reports to health agencies;
(b) individual case reports or case series reported by health professionals, which are
uncontrolled clinical observations; (¢) ad hoc institutional or multicenter disease
registers, which in general do not have a geographic-based catchment area; or (d)
monitoring of electronic medical records for health events not otherwise anticipated.
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g. Most adverse health and behavioral effects of MRTPs will be detected and validated
in the longer term, to the extent possible, using observational methods such as cohort,
case-control, or other related study designs.

h. As with most other consumer products released in the community, MRTPs are subject
to personal misuse and abuse, accidental contamination, conscious adulteration, faulty
manufacturing, the release of imitation (and thus unregulated) products, and long-
term unanticipated alterations in product content and potential health outcomes. The
development of protocols for inspection and other problem-control protocols for these
problems, as is true for other consumer products in general, are essentially
observational in nature and rarely subject to experimental designs.

THE USE OF MODELING IN ESTIMATING HEALTH EFFECTS OF MRTPS

While evaluating the empirical evidence emerging from studies on the health effects of
MRTPs, researchers and regulators should anticipate how an intended exposure reduction affects
disease risks. For this, models based on scientific data, rather than on speculation, can provide
relevant insight. Mathematical modeling for estimating health effects of tobacco products is one
method to improve the quantification of exposure response data from product development.
Modeling can generate data on complex issues of product and constituent interaction and can
provide insight for trials in specific subpopulations.

Risk assessment models, developed to represent the mechanistic pathways leading to
clinical endpoints, can be used to study disease endpoints. There is a history of using models to
understand the health impacts of tobacco use. For example, following the emergence of evidence
linking smoking to lung cancer in the 1950s, Levin proposed a model linking smoking to lung
cancer; this method is still in use today (Levin, 1953).

A model linking a reduced carcinogen exposure to a reduced risk of cancer should
include a causality assessment, which details how the targeted carcinogen affects an individual’s
health and risk for cancer. The model should also include knowledge of the dose-response
relationship for the carcinogen, as well as an individual susceptibility assessment. Additionally,
it should include an understanding of the targeted carcinogen in context of the other carcinogens
present in the product (IOM, 2001). Exposure can be measured using a validated biomarker,
rather than by individual constituents present in the tobacco product or its smoke.

While designing a model, researchers should take into account the potential limitations of
its inputs. For example, a dose-response curve may change for individuals with different
histories of tobacco use. An integrated mathematical model for tobacco harm reduction should
consider dose-response relationships for multiple disease outcomes. That is, a model with a dose-
response relationship for only a single disease outcome will limit the relevance of the data, as
tobacco product use leads to multiple health outcomes.

Failures in modeling design can lead to unsuccessful future studies and other product
safety issues (FDA, 2009). It is likely that discussion of quantitative tobacco product
development methods between the FDA and product sponsors will improve these results.
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Methods for Investigating Addictive Potential

EVALUATION OF REINFORCEMENT AND ADDICTIVE POTENTIAL

As specified by the Family Smoking Prevention and Tobacco Control Act of 2009
(FSPTCA),' the evaluation of a modified risk tobacco product (MRTP) with regard to the public
health standard concerns, in part, an evaluation of the product with regard to its tendency to
promote the following:

¢ initiation and continuation of its regular use;

e switching to its use and cessation of the consumption of more harmful tobacco
products (e.g., aid in cessation of use of conventional cigarettes);

e dual use (use of the MRTP concurrent with continued use of an existing harmful
form of tobacco use such as smoking conventional cigarettes); and

e relapse back to more harmful tobacco use (e.g., resume smoking conventional
cigarettes after an extended period of abstinence).

All of these outcomes can be logically related to the reinforcing value of the MRTP (how
rewarding it is).

The chief reason for testing reinforcement value in the laboratory setting is that measures
yielded by such testing show a good correspondence to a product’s addiction potential in real-
world use (Haney and Spealman, 2008). Specifically, drugs that have a positive subjective
evaluation and are self-administered in laboratory tasks are ones that tend to be used and abused
recreationally in real-world use (Comer et al., 2008; Haney, 2009).

The reinforcement value of an agent (e.g. a specific drug such as nicotine) or a product
(i.e. a drug(s) provided via a particular delivery system such as smokeless tobacco or cigarettes)
can be gauged through animal research; however, in the present situation, animal research on
reinforcement value does not appear optimal. First, animal research is especially warranted when
the product poses significant immediate health risks. However, to the extent that an MRTP has

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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been adequately screened in preclinical work, it seems that the MRTP could be safely used in
laboratory assessments of reinforcement value or self-administration (where toxic effects of
possible prolonged dual use would not pertain). Second, because of the difficulty in modeling
certain kinds of delivery systems with particular MRTPs (e.g., snus), human research may
present the most externally valid research option. Third, human research methods afford an array
of research paradigms that should yield meaningful assessment of MRTP reinforcement
potential. Finally, human research requires less extrapolation due to a lack of interspecies
differences, which can be substantial in terms of nicotine reinforcement (Rogers et al., 2009).

Key Considerations for Reinforcement and Self-Administration Studies

Almost by definition, an addictive agent must support self-administration. Moreover,
there is a long history of research that shows a rough correspondence between the reinforcement
capacity of an agent in the laboratory setting and its abuse potential in real-world contexts
(Comer et al., 2008; Haney, 2009). Reinforcement is generally defined as the capacity of an
agent to sustain self-administration. Therefore, one meaningful step in assessing the ability of an
MRTP to support self-administration in real-world contexts is to determine whether it supports
self-administration in laboratory or controlled settings.

Evaluating reinforcement is complicated by several factors, one of which is a continuum
of reinforcement potency. Therefore, methods must capture the reinforcement potential of a
product relative to other products or agents to provide meaningful comparisons. In theory, a
desirable MRTP should be somewhat more reinforcing than nicotine replacement therapies
(NRTs), but perhaps less reinforcing than conventional cigarettes (at least among current
smokers who have demonstrated considerable susceptibility to cigarette reinforcement). The
relative value of products will be affected by the dose of product tested. Doses may reflect what
is considered a meaningful dose in terms of real-world use, they may be based upon brief ad
libitum use, or they may be established via dose banding methods. Ideally, an MRTP would be
sufficiently reinforcing so as to attract smokers away from conventional cigarettes but not
encourage the widespread dependent use of the product by individuals who were previously
nonusers or who would have quit smoking. NRTs represent a meaningful lower bound of
reinforcement magnitude because they tend not to support addictive or dependent use (Shiffman
et al., 2008a). Further, there appear to be product X individual interactions such that individuals
differ in terms of the hierarchy of reinforcement potential across products (Perkins, 2009). The
determinants of such individual differences in product-relative reinforcement are unknown but
no doubt reflect multiple influences such as prior experience (since reinforcement changes with
exposure), genetic factors, and social influences. Thus, the level of reinforcement value may lie
more in the type of research participant than in the type of product.

Reinforcement and Self-Administration Methods

Likelihood of initiation, as well as maintenance or persistence of use, can be studied
across multiple types of studies ranging from laboratory studies, to randomized controlled trials
(RCTs), to population-based cohort studies. Different methodological principles and standards
apply to each type of study. As in all research, research methods are determined in part by the
question(s) being addressed. In the case of the evaluation of an MRTP, the core questions in this
area involve the extent to which the product will attract and support heavy self-administration
and abusive use. Several relevant experimental contexts can be used in the effort to determine the
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self-administration and use or abuse potential of an MRTP:

1. subjective evaluation of the product both initially, and with repeated exposure or use
in laboratory contexts relative to appropriate comparison products;

2. acute self-administration in laboratory contexts (only reflecting use within laboratory
sessions), relative to appropriate comparison products;

3. use in extended residence facilities; and

4. natural environment contexts where long-term use can be studied in real-world
contexts, via

a. long-term use in RCTs,
b. cross-sectional survey studies, and

c. longitudinal cohort studies.

Additionally, methodological approaches must be tailored to each research context. Unless
otherwise specified, these considerations apply to both acute laboratory and residential stay
experiments

Size and Nature of the Sample

Recruited participants must permit appropriate inferences regarding the populations and
questions to be addressed. No standard sample size can be specified confidently for the studies
described in this section. Each study must be powered consistent with the study questions posed
and the comparison products used. Some guidance on power might be gleaned from studies in
which high- and low-preference products are evaluated (e.g., conventional cigarettes and NRT
products [Johnson et al., 2004; Perkins et al., 2004a, 2009]). Clearly the nature of the sample
will differ with regard to the particular research question posed.

Relative Reinforcement Value in Regular Smokers One question of key importance is the
extent to which an MRTP is reinforcing among current heavy smokers. This would be relevant to
the extent to which the product would be used heavily enough by smokers to serve as a cessation
aid or a long-term substitute with regard to smoking conventional cigarettes. A very high
reinforcement value in smokers of conventional cigarettes would suggest the product could serve
as a cessation aid or long-term substitute to conventional cigarettes and could also present a
meaningful risk of initiation of use among nonsmokers or ex-smokers. The use of a population of
current smokers has the advantage of ensuring that the tested population is sensitive to nicotine
reward (Carter and Griffiths, 2009). If current smokers are used, the researcher should ensure
that the research participants have no strong desire to quit, so the findings relate to smoking
behavior in regular smokers and not quitting behavior (Perkins et al., 1997). About 45 percent of
current smokers attempt to quit each year (CDC, 2009), and including such smokers in the
sample might not only produce greater within-cell error, but doing so also might distort
outcomes systematically. Such smokers, for instance, might be especially willing to self-
administer a perceived safer alternative to smoking conventional cigarettes and more likely to try
to avoid smoking conventional cigarettes. Thus, their self-administration data might not validly
reflect the actual reinforcement value of the product.
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Relative Reinforcement Value in Nonsmokers, Ex-Smokers, and Adolescents Testing an
MRTP among nonsmokers would provide some evidence of attractiveness and reinforcement
potential in people who are essentially nicotine naive.” If multiple sessions are used, the research
could yield some evidence on how much drug experience might be needed to show an increase in
reward value. To increase the likelihood that the tested population comprises at-risk individuals,
some selection factors could be used such as high levels of impulsivity, extreme delay
discounting (Bickel et al., 2010), use of other abused drugs, or risk haplotypes for tobacco
dependence (Weiss et al., 2008). Also, since there may be a relation between age and reaction to
nicotine and vulnerability to dependence (Weiss et al., 2008), it may be important to use
relatively young individuals in such research. Adolescents might be optimal, but research
methods and oversight would have to be appropriate for their participation. Adolescents who
have experimented with smoking might constitute a particularly high-risk population with high
public health significance. Finally, the use of ex-smokers would suggest the potential
reinforcement value of MRTP use in this population, which has demonstrated sensitivity to
nicotine reinforcement. Of course, inclusion of ex-smokers would require a careful assessment of
the risks and benefits of participation.

In addition, because reinforcement from nicotine or tobacco can vary with gender, age,
tobacco experience, and other factors, the researchers should ensure that such dimensions are
appropriately represented or controlled (e.g., used for blocking or as exclusion criteria) in the
sample to the extent that it is compatible with the question addressed.

Characterization of the Sample

A comprehensive characterization of the sample is important because it defines the
population to which the conclusions may be most directly related. It also permits tests of the
interaction of person factors with MRTP liking or use—factors that appear to modulate product
reinforcing value. Variables that may be important to measure, based on prior research on
tobacco reinforcement, are gender, age, ethnicity, educational and socioeconomic status, tobacco
and nicotine use history (including peak tobacco use levels, prior quitting history, age of initial
use, and use histories of different tobacco and nicotine products), expectations about the effects
of the products to be tested, tobacco or nicotine dependence, blood or breath levels of tobacco or
nicotine exposure, health and mental health status and history, and use of psychoactive products
including psychiatric medications. These variables are important since they have been related to
nicotine dependence, tobacco self-administration, and ability to control tobacco use.

In terms of tobacco dependence assessment, the Fagerstrom Test for Nicotine
Dependence or one of the new multifactorial dependence assessments (the Nicotine Dependence
Syndrome Scale [Shiffman and Sayette, 2005; Shiffman et al., 2004] or the Wisconsin Inventory
of Smoking Dependence Motives [Smith et al., 2010]) appear to provide more accurate appraisal
of dependence than do the Diagnostic and Statistical Manual of Mental Disorders criteria
(Hughes et al., 2011). In addition, researchers should ensure that the dependence instrument used
is one that is appropriate to the population in question. For instance, there is concern that some
dependence instruments may not be appropriate for young or light smokers, so researchers
should use an instrument validated with such populations (Colby et al., 2000).

? Nontobacco users are defined as those who have never smoked more than 10 cigarettes and who have never used
any other form of tobacco.
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Standardization of Pre-Session Experiences

Investigators should ensure that research participants have similar experiences prior to
experimental sessions. Standard durations of abstinence from, or controlled use of, nicotine,
caffeine, and other psychoactive agents or products before sessions is needed so subjects enter
sessions at similar motivational states. Deprivation tends to significantly increase motivation to
use tobacco and its self-administration (Fant et al., 1995; Perkins et al., 1994a; Zinser et al.,
1999). Studies designed to test maximal motivation would impose a period of deprivation, such
as overnight deprivation, which could be tested with a carbon monoxide (CO) test in the case of
deprivation of combustible products. Another approach would be to impose a modest but
standard level of deprivation (e.g., 1-2 hr) to model a motivational state that would typically
occur throughout the day. The most comprehensive approach to assessing self-administration
would be to test products across a variety of deprivation levels. Deprivation prior to clinical
studies may add complications in data interpretation. An alternative, although more costly and
time consuming, is observation of ad /ibitum self-administration so that the response measured
reflects real use.

It is probably not a concern if subjects take their normal prescription medication,
including psychiatric medication, on the days of sessions or measurement. This is because the
main outcome data will be relative preference for, or use of, the tested products, and this
presumably will not be differentially affected by chronic use of psychiatric medications.

It is important that subjects have similar expectations about the experiment and what it
entails (e.g., the nature of the tested products) unless manipulation of expectations is an explicit
element of the study design (since expectations can significantly affect response to a tobacco
product [Perkins et al., 2010]). One possible strategy is to provide subjects with considerable
superfluous information, which may reduce disparities in expectations (Griffiths et al., 2003).
Finally, to the extent that measures are complex (e.g., with certain types of cognitive
performance tasks) it is important that practice effects be reduced by pre-session task
familiarization.

Reinforcement and Self-Administration Measures

Biochemical Measures

Biochemical measures of tobacco or nicotine exposure are important because they reflect
prior self-administration intensity or tolerance, and therefore they should serve as useful
covariates for laboratory based self-administration. The appropriate measure could be CO level
for cigarette smokers, or nicotine or cotinine levels (from blood, saliva, or urine) in other types
of nicotine or tobacco users (those using smokeless tobacco or NRT). In particular, acute blood
nicotine absorption profiles in response to both single and repeated use of products is a relevant
component in assessing the addictive potential of MRTPs. Cotinine might be preferred to CO
and nicotine because of its longer half-life. This could be extremely useful if long-term
abstinence is imposed prior to experimental sessions or if subjects have engaged in only
infrequent use of a nicotine or tobacco product. Also, if a noncombustible MRTP is studied, CO
levels during or after the experiment will not provide measures of effective dosing. Therefore, to
obtain a true baseline for such later measures, either nicotine or cotinine should be measured at
baseline. In deciding between assessing cotinine versus nicotine, if the intent is to study effective
self-dosing acutely (over minutes or 1-3 hours), then nicotine is the measure of choice, while
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cotinine would be the measure of choice if the effects of dosing over an extended time period
(many hours or days) are targeted. The best predictor of plasma cotinine may be measurement of
urine cotinine corrected for creatinine concentration (Benowitz et al., 2009). Finally, the
investigator might wish to measure both nicotine and 3-hydroxy-cotinine in order to estimate
nicotine metabolism (Schnoll et al., 2009). However, cotinine may be a poor choice for dual-use
studies as it can reflect nicotine from multiple sources.

Selection of a biochemical assay depends upon the particular experiment, the questions
posed, and the nature of the product. If relatively sensitive determination of nicotine receipt is
sought, then it would be necessary to measure venous or arterial nicotine levels (typically via a
venous catheter) and to obtain multiple measures over time to determine boost peak (peak
baseline level) and area under the curve (see Benowitz [2006] for calculation).

Imaging methods such as positron emission tomography or functional magnetic
resonance imaging could be used to further characterize the addiction potential of MRTPs. There
is increasing evidence that particular neurotransmitter systems and associated brain regions are
critically involved in the motivational processing of nicotine cues and nicotine anticipation: e.g.,
the dorsal striatum, nucleus accumbens, and anterior cingulate cortex (Gloria et al., 2009;
McClernon et al., 2009). Therefore, amongst experienced MRTP users, MRTP cues or
anticipation of MRTP delivery would be expected to activate such brain regions. However, at
present there is little evidence that such measures possess the sensitivity to yield accurate rank-
orderings of the addictive potential of different products or delivery systems.

Nature of the Comparison Stimuli

The selection of products or stimuli to be compared should be determined by the goals of
the experiment and the need to obtain a sufficient number of comparators to permit an
informative interpretive context. However, as discussed elsewhere, it seems that use of both
conventional cigarettes (when smokers or ex-smokers are used as subjects) and NRT would be
informative, since these represent products with very high versus modest reinforcement value.
The study by Kotlyar et al. (2007) reveals how MRTPs can be meaningfully compared with
NRTs on the basis of subjective evaluation and effective nicotine delivery.

It may be important to compare the product with nonpharmacologic stimuli as a means of
providing a generally meaningful anchor point for the comparison of the pharmacologic products
(including the MRTP). For instance, nicotine or tobacco products might be compared with
pictorial stimuli (e.g., the International Affective Picture System), attractive music, compounds
that stimulate taste buds, or money (Perkins et al., 1997). It is especially important to use
nonpharmacologic stimuli as comparison stimuli (e.g., money) when using nonsmokers as
subjects since it would be important to compare the MRTP with a stimulus of meaningful
reinforcing value.

If the study is using current smokers as subjects, it would be informative to use the
subject’s own or preferred brand of cigarettes, as this could represent an optimally reinforcing
product against which to compare the MRTP. However, another strategy would be to use
cigarettes with a range of known nicotine contents, which would provide a range of
reinforcement value against which the MRTP could be compared.
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Operant Self-Administration

One standard method of evaluating reinforcement value is to use an operant self-
administration paradigm in which some sort of instrumental response (key presses for instance)
is executed to “earn” doses of the product. How hard an individual is willing to work for a dose
is related to the addictive potential of the product. For example, the subject might be given the
opportunity to earn either puffs of a conventional cigarette, inhalations from a nicotine inhaler, or
doses from an MRTP. Such operant paradigms permit collection of many different sorts of
measures, such as: (1) response rates including peak response rates for each type of product; (2)
relative response rates on concurrent schedules (Perkins et al., 1997); and (3) demand elasticity
for each type of product (the extent to which responding is affected by increasing the response
requirement or dose). The last index may be especially useful since it permits meaningful
interproduct (or interstimulus) comparisons on the basis of demand curves (Johnson and Bickel,
2006), in essence, permitting more direct inferences regarding reinforcement magnitude.

Timing and Exposure Parameters

Experiments aimed at characterizing reinforcement value could present MRTPs and other
products in diverse ways. The mode of presentation should be dictated by the experimental
paradigm used, as well as the research question. In acute dose-effect comparison studies
conducted in laboratories settings, presentation of discrete doses of products or stimuli should be
counterbalanced, controlling for amount and order of delivery. In self-administration studies or
behavioral economic studies, the researcher could use progressive ratio schedules in separate
sessions for each product or concurrent schedules (e.g., comparing each product with monetary
payment), or could test products individually across different response requirements to construct
demand curves. In either acute dose-effect studies or self-administration studies, relatively
standard doses with cigarettes can be achieved either with puff duration signals, or with devices
that control puff volume mechanically (Perkins et al., 1997). Timing signals might be the best
way to manage dose parameters with products such as smokeless tobacco or NRT (Shiffman et
al., 2003).

There are many things to consider in setting up and interpreting such experiments. One
concern is how much experience or exposure to permit in the experiment. There is certainly
evidence that preference or reinforcing value changes over exposure. This could occur because
of tolerance to aversive effects, sensitization, familiarity (learning how to self-dose),
development of dependence, and so forth. Thus, the researcher must structure the study so the
person’s experience prior to the study and the exposure during the study are designed to match
the experimental goals. An important principle, however, is that the best estimate of the ultimate
reinforcement potential of an MRTP may be obtained after fairly extensive use.

Another concern is the interdose interval and amount of exposure (dose) to the products.
Different delivery systems may deliver different doses of nicotine and doses with different
pharmacodynamics. The investigator must consider whether standard dosing or exposure
parameters do not “unlevel” the playing field for the various products (e.g., creating toxic effects
or different levels of withdrawal for one product versus another). Investigators may also want to
mimic extreme use, as some users may overuse the product. Interdose intervals should be
determined based on the anticipated pharmacodynamics of the tested products.
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Because the ordering of stimuli or products might affect the response (such as when an
earlier product might satiate the subject, thereby reducing his or her motivation to self-administer
additional nicotine), it is especially important to counterbalance stimulus presentations in acute
dose-effect comparison studies so order effects are not inextricably confounded with stimulus
effects. In essence, great care must be taken to ensure that exposures to products relatively late in
the exposure sequence are meaningful. To the extent that earlier exposures result in high nicotine
levels, or reduced withdrawal, or priming effects, the subject’s motivational state is altered and
therefore the subject’s responses are not similarly meaningful across the sequence. One strategy
that could be used to address this is to have subjects “earn” dosings during a session but not
consume them till after the session (Perkins et al., 1997). This may not be appropriate where
delay would distort the motivational value of exposure. There is evidence that immediate versus
delayed access to addictive agents or products makes a substantial difference in motivational and
evaluative response (Gloria et al., 2009; Sayette and Hufford, 1994).

Another concern with timing of the experimental sessions is to ensure the anticipated end
of the experimental session does not bias subjects’ responses. For instance, if one of the
measures of product evaluation is instrumental to secure a dose of the product or amount of
money needed to purchase a dose of the product from the subject, these measures could be
distorted if the subject knows that he or she will shortly be released from the session and have
ready access to nicotine or tobacco. Therefore, a postsession waiting period (which might range
from 30 to 90 minutes) is often imposed so the only prospect of imminent tobacco receipt is that
which will occur in the session (Perkins et al., 1999).

Additionally, with some procedures such as instrumental self-administration (behavioral
economic strategies) or with unusual controlled dosing procedures, it may be desirable to allow
the subjects some practice with the procedure so learning or familiarization effects are not
confounded with changes in reinforcement value that develop with drug use experience.

In most self-administration experiments it would probably be important to determine the
efficiency of self-administration, meaning the relation between self-administration and effective
drug delivery of doses consumed (measured by biochemical indices of product receipt, such as
CO and nicotine). This would allow one to distinguish gross self-administration behaviors from
effective drug delivery. This distinction, for instance, might be relevant to questions about
whether compensation occurs due to use of an MRTP. For instance, use of an MRTP might
decrease the number of conventional cigarettes that a person smokes. However, this does not
necessarily mean the person is actually exposed to less smoke or takes in less nicotine (Benowitz
et al. [2006] provides a compensation determination formula for cigarettes with known machine
determined yields). Multiple measures are available to assess self-administration behavior so as
to capture effective delivery more accurately (Rose et al., 2003; Strasser et al., 2007). This could
be done by the use of especially sensitive assessments of self-administration. One example of
this is the use of smoking topography measures that permit assessment of puff duration,
inhalation force, and so on via force or flow transducers (Strasser et al., 2009). Video cameras
and monitors have also been used to assess puff number and duration (Benowitz et al., 2006).

Finally, one could indirectly infer the effective dose by repeatedly measuring
physiological responses that are acutely sensitive to nicotine dose and rise-time effects (e.g.,
nicotine-induced tachycardia or skin temperature effects [Benowitz et al., 2006; Perkins et al.,
1994b]) and deriving peak and area under the curve indices.
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Reinforcement and Self-Administration Study Designs

Acute Dose-Effect Comparison Studies

This approach has been labeled as a standard with regards to human abuse liability drug
testing, because of the correspondence between subjective ratings of drug effects and real-world
abuse potential (Carter and Griffiths, 2009). This sort of research is faster and more economical
to conduct than human self-administration studies. In this research, appropriate subject groups
are given discrete agent or product exposures and asked to rate them on validated scales. These
are generally placebo-controlled, blinded, within-subject crossover designs. However, the
apparent differences among some tobacco products (snus versus conventional or e-cigarettes)
may compromise the ability to achieve true placebo control or blinding. Each product, though,
could have a placebo preparation, which should control for some expectancy effects. Ideally,
subjects should be allowed to rate a variety of dose levels or exposures to the products to obtain a
more comprehensive index of product effects. In addition, it would be important in at least a
subset of studies to test at multiple intervals postexposure to ensure the pharmacodynamics of
response are characterized for each product. This is important in part because pharmacodynamics
may greatly affect reinforcement value and abuse potential (Dewit et al., 1993; Mumford et al.,
1995). While acute dose-effect comparison studies are often conducted on closed or residential
wards when using illicit drugs, this seems unnecessary for the type of research discussed since
the tested products will not be significantly intoxicating, the product would not be a controlled
substance, and biochemical and self-report means can be used to determine intersession use.

Measures for Use in Acute Dose-Effect Paradigms Certainly researchers would collect self-
report measures of subjective responses to the MRTP and other products, either in anticipation of
receipt of the product (after the subject has some familiarity with it) or following its effects.
There are well characterized scales that permit the assessment of a variety of relevant rating
dimensions (e.g., the Duke Cigarette Evaluation Scale and the Duke Sensory Questionnaire
[Benowitz et al., 2006; Rose et al., 1999; Westman et al., 1996]; also cf. [Kotlyar et al., 2007]),
including physical and affective reactions to the rated products (Benowitz et al., 2006). There is
substantial evidence attesting to the validity of such self-report assessments. For instance, similar
items have been shown to be sensitive to degree of drug deprivation (Carter and Tiffany, 1999;
Sayette et al., 2003; Zinser et al., 1999) and have been shown to be sensitive to the actual
nicotine content of cigarettes (Benowitz et al., 2006; Rose et al., 1999). However, they are not
consistently strongly related to actual self-administration (Hughes et al., 1996; Perkins et al.,
1997), leading to suggestions that self-administration and subjective ratings capture different
facets of reinforcement value.

The short form of the Addiction Research Center Inventory is a self-report measure that
has been used most extensively to index subjective reactions to nonnicotine drug effects
(Jasinski, 1977). This measure contains the Morphine-Benzedrine Group scale, which
purportedly measures euphoria (Bigelow, 1991; Foltin and Fischman, 1991; Jasinski, 1977).
While this scale appears to reflect subjective evaluations of multiple drugs of abuse, it is unclear
at present whether it is ideal for measuring nicotine reinforcement.

Other measures could be incorporated into acute dose-effect comparison studies. For
instance, 24-hour retrospective recall of reinforcement would reveal the extent to which
postexposure processing alters the memorial representation of incentive properties (Carter and
Griffiths, 2009). It is important to use exactly the same questions in those recall tests as used in
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earlier tests to ensure that change is due to passing of time, not altered assessment formats. Also,
the multiple-choice procedure can be used to monetize the worth of additional product doses or
exposures at the end of sessions to provide additional data on reinforcement value (Griffiths et
al., 1993). A study by Hatsukami et al. (2011) shows how subjective evaluation measures can be
paired with tobacco product use measures and product choice measures to enhance the validity of
the subjective evaluation measures.

Behavioral Economic Self-Administration Studies

When addictive agents are self-administered in the laboratory context, there is a
meaningful relation between laboratory assessed self-administration on the one hand, and clinical
evidence of dependence and drug motivation on the other hand (Bickel and Madden, 1999a;
Madden and Bickel, 1999; Perkins et al., 2004b; Piasecki et al., 2010). If a contingency is
established between the receipt of an agent or product on the one hand, and execution of an
instrumental response (e.g., access to MRTP dosing and pressing a lever) on the other hand, then
instrumental responses for the agent or product would constitute a key indication of
reinforcement potency.

In an acute laboratory setting subjects could work for products across several different
contexts: under differing levels of tobacco withdrawal, with different response requirements, and
using different instrumental paradigms (progressive ratio schedules for individual products,
concurrent schedules for the MRTP versus conventional cigarettes and/or money; and with
varying response requirements to generate demand curves). Product exposures could be
controlled with smoking topography equipment for cigarettes, while the investigator might have
to rely upon duration of use (e.g., duration of oral exposure to smokeless tobacco) and number of
self-administrations (e.g., nicotine nasal spray, gum) for noncigarette products (Perkins et al.,
2004b; Shiffman et al., 2003). Effective exposure could be indexed by biochemical indices for
all products.

Measures Gathered in Behavioral Economic Self-Administration Studies The key measure
would certainly be counts of the instrumental response, but it could also include biochemical
measures of nicotine or smoke exposure, subjective product evaluations, and withdrawal
symptoms. That is, not only could the study assess self-administration under various conditions,
but the study could also gather data on perceived reinforcement value and the ability of the
product to alleviate withdrawal symptoms (combining the goals of both acute dose-effect studies
and behavioral economic studies).

Other self-administration studies could be conducted that do not rely upon instrumental
self-administration methods. For instance, there is substantial evidence that tobacco withdrawal
plays a major role in spurring relapse back to tobacco use, which may occur because smokers try
to escape aversive withdrawal symptoms or because withdrawal enhances the incentive value of
smoking cues (Baker et al., 2004a, 2004b; Piasecki et al., 2003). Therefore, researchers might
explore the extent to which the MRTP, used either ad libitum or under controlled dosing, can
ameliorate withdrawal symptoms caused by discontinuation of smoking of conventional
cigarettes. Acceptable methods for such studies have been well developed (Shiffman et al., 2003;
Welsch et al., 1999). In such research, heavy smokers of conventional cigarettes could be
withdrawn from tobacco for an extended period of time and then permitted to use an MRTP. A
well-characterized withdrawal scale (Hughes and Hatsukami, 1986; Hughes et al., 1991; Welsch
et al., 1999) could be used to measure the extent to which use of the MRTP versus a placebo or
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other comparison product (e.g. NRT) reduces withdrawal. Such data would be relevant to the
notion that an MRTP could substitute for conventional cigarettes and thereby perhaps reduce
their use.

In addition to measures of hedonic and evaluative responses, researchers might also
gather measures of product impact on other measures such as cognitive performance (attention,
memory) and psychomotor performance. Some individuals may use nicotine to enhance their
cognitive performance (Heishman et al., 2010; Kleykamp et al., 2011) and such measures could
index this source of reinforcement, especially for selected populations such as persons with
schizophrenia or attention deficit disorder. Such data would be relevant to the question of
whether the MRTP might substitute for conventional tobacco products in such populations.

Finally, while human drug discrimination paradigms can be highly informative in the
evaluation of new products (Carter and Griffiths, 2009), they seem less germane to the current
questions of interest since the goal is not to compare different types of agents or drugs but
instead to compare different nicotine delivery systems.

Analyses Analyses for most of the studies described in this section should be fairly
straightforward. For instance, repeated measures of analyses of variance could be used to
identify significant main effects associated with the various types of products or stimuli used,
and product X repeated measures interactions could be used to determine if products differ in
their patterns of change over repeated exposures. Moreover, analyses could be conducted with
repeated exposures within sessions crossed with days (or sessions) in order to examine if changes
within sessions vary as a function of number of days of exposure or some feature of days (e.g.,
amount of deprivation preceding a day). Instead of analysis of variance, growth curve modeling
(e.g., via hierarchical linear modeling) could be used to estimate intercepts and trajectories and to
model days as second-level variables. Appropriate covariates might include gender, starting CO
or nicotine level, and dependence. In addition, interaction terms could test whether effects differ
significantly as a function of any special subpopulations (e.g., those high versus low in
dependence). In all such analyses, the normal analytic considerations pertain such as examining
and adjusting scores for distributional deviations, missingness, and autocorrelation.

The analysis of behavioral economic data presents special challenges. For some outcomes
such as evaluation of demand elasticity, special formulas are required to model the relation
between cost and response (Murphy et al., 2009, 2011). Demand elasticity refers to the extent to
which work for a substance (e.g., an MRTP or conventional tobacco product) is sensitive to price
or work requirements to obtain the substance (e.g., the extent to which self-administration
decreases with increased cost). Presumably, the more reinforcing a substance is, the less its self-
administration is affected by increased cost. The determination of formal demand curves from
self-administration data can be costly in terms of time and resources. Easier to implement
strategies are available that may allow for more efficient determination of the relative
reinforcement value of different substances: e.g., hypothetical purchase tasks (Murphy et al.,
2009). In addition, measures such as peak-response rate and breakpoint are related to the
economic measures of maximal output and elasticity of demand and could also be used (Bickel
and Madden, 1999b).
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General Conclusions

A principal message of the research literature on drug reinforcement value is that no
single approach to assessing reinforcement value provides a comprehensive index of value, and
that using a variety of approaches conveys superior information about relative reinforcing value
of pharmacologic agents or products and factors that influence their value.

Therefore, an overarching observation is that a comprehensive assessment of product
motivational value includes studies that examine reinforcement value in different relevant
populations, with different paradigms, with multiple comparison stimuli and products, and with
different types of outcome measures. Specifically, the comprehensive evaluation of the
reinforcement value of an MRTP may examine reinforcement value as per the five categories
described below.

1. Subject populations: Examination of reinforcement value in daily smokers of
conventional cigarettes who range in level of tobacco dependence and in beginning
smokers (especially young smokers) may be necessary. Other potentially useful
populations would be daily smokers interested in cessation, smokeless tobacco users,
and nonsmokers.

2. Experimental paradigm: Collection of data on subjective evaluations of the MRTP in
acute dose-effect comparison studies, and in behavioral economic self-administration
studies testing over multiple days and extended sessions is necessary. Use of
behavioral economic paradigms would permit more informative indices of
interstimulus reinforcement value as it could be denominated on the basis of a
standard behavioral response. Moreover, some self-administration paradigms may not
only examine reactions to, and self-administration of, the MRTP relative to other
products, but they may also examine the ability of the product to quell tobacco
withdrawal (especially urges) and to reduce motivation to smoke conventional
cigarettes due to preloading with the MRTP. Important in all of these paradigms is the
modeling of change over repeated exposure occasions as this could reflect
development of increased reinforcement value owing to tolerance to aversive effects
or dependence development.

3. Comparison stimuli and products: Examination of subjects’ reactions to the MRTP
relative to conventional cigarettes and acute forms of NRT (nicotine nasal spray,
gum, lozenge, or inhaler) may be necessary. It would also be quite informative to
conduct evaluations in which preference for each product could be monetized, at least
via a multiple-choice procedure (Griffiths et al., 1993).

4. Outcome measures: It may be necessary to include measures of self-administration,
biochemical indices of effective dosing, and self-report of preference and
psychoactive effects. Other measures such as withdrawal severity may be used to
explore effects such as withdrawal suppression; it may be efficient to also include
putative biomarkers of disease risk (Hatsukami et al., 2006).

5. Data interpretation: This may be one of the most challenging aspects of the
assessment of liability for adverse effects on the public’s health. There is no clear
outcome that signals whether the MRTP has the “right” level of reinforcement
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potential in order to supplant smoking conventional cigarettes but yet not be so
reinforcing that its availability poses additional significant threats to the public health.
Presumably it will be more reinforcing than NRTs, since NRTs are not sufficiently
reinforcing to support even prescribed levels of use (Lam et al., 2005; Liu et al.,
2001; Shiffman et al., 2008b; Vogt et al., 2008). But, the MRTP presumably should
not be as reinforcing as smoking conventional cigarettes. So, roughly speaking, an
MRTP should be intermediate in reinforcement magnitude. Of course, decisions
about optimal reinforcement magnitude depend on other factors such as the product’s
delivery of toxicants (a product that results in little toxicant exposure would present
little risk even if being highly reinforcing) and the results of other research efforts
(data from RCTs).

EVALUATION OF PUBLIC HEALTH RISK USING RANDOMIZED CLINICAL
TRIAL METHODS

As noted in the Introduction, the evaluation of an MRTP with regard to the public health
standard concerns such factors as (1) how heavily it is used, (2) the extent to which its use
directly exposes individuals to toxicants, (3) the effect of its use on the consumption of
conventional tobacco products, (4) how conjoint use of the MRTP plus conventional tobacco
affects health, and (5) how its use affects the initiation of use of conventional tobacco products
and relapse back to use of such products (e.g., resumption of smoking conventional cigarettes
after an extended period of abstinence).

Some of these issues can be explored via RCTs. In particular, the RCT may be a highly
efficient means of examining such related issues as (1) acceptability and use of the MRTP; (2)
the ability of the MRTP to increase cessation in users of conventional tobacco products, either by
enhancing total cessation or by reducing use of such products; and (3) the likelihood that MRTP
availability will lead to dual use. An RCT could also, in theory, produce evidence on such topics
as (1) whether and how much individuals use an MRTP after they have used it to help them quit
use of conventional tobacco products, (2) changes in perception of the MRTP with its continued
use, and (3) the MRTP’s ability to suppress tobacco withdrawal symptoms. The last effect would
increase the likelihood that the MRTP would serve as an effective cessation aid.

Key Considerations for the Use of Randomized Clinical Trials

An RCT that tests the potential public health impact of an MRTP requires decisions about
key issues that will affect the validity and relevance of the resulting data. One issue is the
balancing of internal versus external validity. This issue has implications for multiple aspects of
the experimental design and methods, such as how heavy the assessment burden should be,
whether subjects are asked to pay for the MRTP at some point in the trial, and how to maintain
subject involvement in the trial. Therefore, the challenge is to ensure the real-world relevance of
the work, while maintaining enough internal validity (experimental control) so strong inferences
can be made. Other major decisions concern the nature of the specific comparison products to be
tested in the research (see discussion below), whether and how to implement blinding
procedures, the nature of the outcomes to be assessed, and the nature of the population to be
recruited.
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It is important to recognize that no single RCT can address all of the important issues that
pertain to the possible public health impact of an MRTP. Therefore, it may be necessary to
conduct two or more RCTs in order to address the major questions that exist. For instance, it
would seem desirable for one RCT to emphasize internal validity, while another might be
designed to emphasize external validity (real-world relevance). Moreover, it may be economical
of time and other resources (burden and risk to the individuals who would participate in an RCT)
that an RCT be launched only after there is some evidence from laboratory studies that the
MRTP (1) has a significantly favorable toxicant profile, (2) is sufficiently reinforcing or
nonaversive so as to permit a reasonable level of use by smokers, and (3) is not so reinforcing (or
addictive) so as to lead to high levels of use by nonsmoking youth. The suggestion for prior
laboratory studies is made despite the fact that clear-cut criteria do not presently exist that would
allow definitive determinations with regards to the above issues. A key question for both
laboratory studies and RCTs is how data or outcomes can be interpreted so as to have optimal
meaning or relevance with regard to public health impact. That is, what patterns of use and
effects (e.g., impact on smoking cessation) would suggest a net positive versus harmful effect?

Design and Overarching Methods Considerations

The trial design should reflect the questions targeted. If the major question is how MRTP
availability affects future use of conventional tobacco products, the design should contrast a
condition where some subjects are randomly assigned to use the MRTP and others a placebo or a
comparison product (Robinson et al., 2000). For instance, a meaningful comparison condition
would be the provision of acute administration NRT products that have strong patient acceptance
and use (e.g., perhaps newer acute NRT products that show relatively high rates of patient
acceptance). A highly acceptable and efficacious NRT would be a good benchmark for MRTP
evaluation. Such products show modest levels of smoker acceptance and use, tend not to
substitute effectively for conventional tobacco use (e.g., smoking) among individuals not making
quit attempts (a large portion of the smoker population has not switched from conventional
tobacco products to NRT as a form of long-term use), and NRT products pose little risk of
addictive or dependent use. Presumably, if an MRTP has promise to attract individuals away
from use of conventional tobacco products it should be somewhat more reinforcing than NRT,
promoting greater sustained use, and substituting for conventional tobacco use more effectively
than NRT. The value of the use of an NRT as an MRTP comparison product is apparent in a
study by Kotlyar et al. (2007). Other criteria could also be forwarded, such as withdrawal from
an MRTP should not be as severe as that arising from withdrawal from conventional tobacco
products. In addition, NRT makes a meaningful comparison since it is a potential marketplace
competitor with the MRTP, meaning that most forms are widely available over the counter.
Presumably an MRTP would achieve meaningful use only if it were more appealing than NRT.
Thus, NRT would appear to be a more meaningful comparison product than a prescription
cessation aid (e.g., varenicline, bupropion) since the latter aids would not be available
competitors for chronic use. While NRT would constitute a meaningful comparison product in an
RCT, interpretation of MRTP effects, and estimation of its potential risks and benefits, would be
a challenging task (see the “Inference” section below).

Therefore, a reasonable design would be one in which subjects are randomly assigned to
either the MRTP or to the comparison product(s) (ideally both a placebo and NRT) with
blocking on intention to quit or interest in quitting. Ideally, more than one RCT should be
conducted, with trials constituting both efficacy and effectiveness trials. Thus, the former would
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recruit highly motivated subjects, be double blind, entail fairly heavy assessment with
compensation for adherence, and other features designed to reduce error and encourage high use
of the tested products (sustained provision of free products). The effectiveness studies might
recruit “all comers,” use open label product, use relatively brief nonburdensome assessments,
and provide products in a manner that more closely resembles real-world use.

An alternative to such a traditional RCT design would be one in which multiple products
were tested in full factorial or fractional factorial design (Collins et al., 2011). This would permit
the simultaneous and efficient testing of multiple comparison products and also testing of the
interactions among such products. In addition, a crossover design could be used in which
participants alternate the tobacco products that they use over standard cycles of use (Hatsukami
et al., 2009).

At least some of the RCTs should permit extended use of the MRTP. This is because the
impact or acceptability of a product might change with time. For instance, there is evidence that
nicotine nasal spray use increases when individuals learn to use it properly (Blondal et al., 1997;
Fiore et al., 2008; Sutherland et al., 1992). In addition, over time, other factors might encourage
changes in use (e.g., secular events such as tax increases on conventional tobacco products,
development of dependence). Also, some patterns of use, such as dual use, might be transitional
stages that ultimately convert to more stable use patterns. For instance, there is considerable
evidence that chronic conjoint use of an NRT while smoking, increases subsequent smoking
cessation attempts and success (Carpenter et al., 2004; Chan et al., 2011). Finally, relapse back to
smoking occurs at meaningful levels even after a year of cigarette abstinence (Hawkins et al.,
2010; Heftner et al., 2010; Hughes et al., 2008); it seems important, therefore, to study MRTP
effects up to the point where significant relapse risk has passed. It is possible, in fact, that
quitting with the use of an MRTP results in higher than normal relapse because the continued use
of the product primes continued or resurgent motivation to resume conventional tobacco use
(Shaham et al., 1996; Shaham et al., 2003). Any duration recommended for an MRTP RCT
would be somewhat arbitrary. But, because the rate of relapse tends to drop to between 2 percent
and 4 percent per year after 2 years of abstinence (Krall et al., 2002), a minimum 2-year duration
seems advisable. This would suggest that observed cessation rates for conventional tobacco
products observed at study end would be fairly stable.

Another important concern is whether the study involves an explicit quit date for those
expressing interest in quitting. Setting a quit date for all subjects to make a cessation attempt
would probably constitute the most sensitive test of the ability of an MRTP to boost cessation
success in a given attempt. If the goal of the RCT is more focused on internal than external
validity, and where subjects are motivated to make quit attempts, the investigator could
encourage subjects to select a quit date so assessments could be concentrated around this date.
This would increase the sensitive measurement of important factors such as quitting-related
withdrawal symptoms. However, this design feature would probably not resemble real-world
MRTP use, where many people might use an MRTP without intending (at least initially) to make
a cessation attempt. Therefore, designs that permit long-term use without formal quit attempts
and with individuals not motivated to quit would possess greater external validity. Such designs
should certainly be used in at least one or more of the RCTs.

The Consolidated Standards of Reporting Trials (CONSORT) reporting
recommendations for clinical trials emphasize the importance of explicitly identifying primary
and secondary outcomes on an a priori basis. (The CONSORT 2010 checklist is presented in
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Table 4-1.) Primary outcomes should be few in number and explicit. It seems that a primary
outcome should be percentage of smokers of conventional cigarettes (or another conventional
tobacco product, depending on the goal of the study) who are abstinent at critical endpoints (e.g.,
1 and 2 years poststudy initiation). Other outcomes could include percent of smokers who
engage in dual use, amount of smoking of conventional cigarettes by those who engage in dual
use, use rates and use prevalence of the MRTP, attitudes and perceptions of the MRTP (in
particular, perceptions of relative health risks, addictiveness, liking of the MRTP, and value in
curbing use of conventional tobacco products), motivation and plans to quit smoking among
those continuing to do so, self-efficacy estimates of ability to quit with and without the MRTP,
severity of the withdrawal syndrome in any quit attempts, incidence of quit attempts, nicotine
dependence, and quitting self-efficacy. If the study is a postmarketing study, investigators could
also inquire about MRTP use in the subjects’ social networks.

Finally, based upon the results of basic research on toxicant exposure or other sources, it
might be warranted to include physical health assessments of the participants to determine if
MRTP use is associated with changes in toxicants or with other biomarkers of relevant disease
processes (e.g., pulmonary function tests).

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



143

: UNCORRECTED PROOFS

PREPUBLICATION COPY.

Copyright © National Academy of Sciences. All rights reserved.

pouIIa)p sem oz1s ojdwes MO 17 oz1s ojdures
SUOSBAI YIIM “PIOUSWIUIOD [BLI) A} J9}JB SOUWI0INO [BLI} 0} SAFUBYD AUy q9
possosse a1om Aoy} uoym pue
MOy SuIpn[oul ‘saInseall W00 A1epuodds pue Arewrid parjroadsard pauop A@191dwo) 18] SawodIMO
PoIdISTUIUPE A[[BN}OR 919M AJY) UM pue
moy Surpnjoul ‘uonedrjdar mo[[e 03 S[Ie1ap JuaIogns Yim dnois yoes 10} SUONUIAIIUI Y, S SUONUIAINU]
P9IOJ[[00 2IdM BB A} AIdYM SUOIILI0] Pue S3UIIS qv
syuedronaed 10y eLILIo AIqQISIg (37 syuedronied
SUOSBaI
m ‘(er10)Id AIIQISI[o SB YoNs) JUSWIIUIWIOD [BLI I91J€ SPOYIow 03 sagueyod juelrodu] q¢
onel uoredo[e Surpnpout (Jerxoyoej ‘[o[ered se yons) ursop [e1y jo uondrrosa Be u3Isop JeL],
SPOYRIN
sasa30dAY 10 s9ANd3[qo oryroadg qz
saA13oalqo
oreuorjer Jo uoneue[dxs pue punoIINoeq SYNUIIOS 174 pue punoigdyoeg
uondnpo.uy
(s10en8qE 10J 1YOSNOD 99s douepIng
017109ds 10J) SUOISN[OUOD PUEB ‘SINSAI ‘SPOYIAUW “‘USISIP [BLY JO AIEUWIUNS PAINONNS q1
9313 O} UI [BLI} PIZIWOPULI B SB UOLIBIJNUIP] 131
Jeasqe pue IpLL
‘0N 33k ‘ON
wo partoday WISIIUD ardo/uonddg

Scientific Standards for Studies on Modified Risk Tobacco Products

+[BLLL paziuopuey e Sunioday UsyA\ Spnjdu] 0} UOHBULION] JO ISIPR3YD 010 LIOSNOD I-F ATAVL


lharbold
Text Box
PREPUBLICATION COPY: UNCORRECTED PROOFS


Scientific Standards for Studies on Modified Risk Tobacco Products

144

paddols sem 10 popua (el o) AUpN gy
dn-mo[[0] pue JUSWINIOAI JO spoudd oy) Sutuygop sajeq By JUOUNINIONY
SUOSBAI 1M JJU3930) ‘UONBZIWOPURI JOJL SUOISN[IXA pue s3sso[ ‘dnoi3 yoed 104  q¢J
(papuswur0921
owoono Arewiid 9y} I0J PIZATeUR IOM PUB ‘JUIUIBAI) PIPUIIUL K[3uoxns st wreidep
POAId0A1 “paudIsse A[wopuel 19m oym sjuedronted Jo sroqunu ot ‘dnoid yoes 10  BEJ ©) moyj yuedonied
S)NSRY
sasATeue paisnlpe pue sasA[eue dnoi3qns se yons ‘sosA[eue [BUONIPPE I0J SPOYIRIN  qTI
SowoINo Arepuodds pue Arewrnid 10y sdnoi3 aredwos 03 pasn spoypowi [ed1ISHRIS B spoyjow [ed1)sneIS
SUONUIAIUI JO AJLIe[rwuls oY) Jo uondriosap Quead[arjy  qpJ
MOY pue (Sawoono 3urssasse asoy) ‘sropraord
areo ‘syuedronued ‘Qidurexa 10J) SUOIIUIAIOIUI 0) JUSWUSTISSE IO)Je POpUI[q Sem OUym QUuop J| B[] Surpur g
suonuoAdur 0} syuedronaed pougisse
oym pue ‘syuedronaed pa[joIud oym ‘oouonbos uoreoo[[e wopuel oY) pareIduasd oy 01 uonejuowd[duwy
PAUSISSE 21OM SUOTIUAIIUL
[un douanbas oy [892U0S 01 udNe) sdoys Aue SuIqLIOSIP ‘(SIOUTBIUOD PAIIQUINU WISTUBYOIN
A[renuanbas se yons) oouanbas uoreoo[[e wopuel oy} juswd[dwl 0 pasn WSIUBYIIJA 6 JUAW[BIOUO))
uonedo[y
(9z1s yo0[q pue 3uIYo0[q SB Yons) UOIOL)saI AUk JO S[1eIdp ‘uoneznuopuer Jo o9dA ], q8
oouonbos uoreoo[[e Wwopuel oY) AJeIdud3 0} pasn POYIRA eg uonelousd douanbag
‘uoreZIopuey
sauropms Surddoss pue sasAeue widul Aue Jo uoneue[dxd ‘orqeorjdde uoyp q.
‘0N 23t ‘ON
wo partoday WHISIPPND o drdo I /uondzag

: UNCORRECTED PROOFS

PREPUBLICATION COPY.

Copyright © National Academy of Sciences. All rights reserved.


lharbold
Text Box
PREPUBLICATION COPY: UNCORRECTED PROOFS


Scientific Standards for Studies on Modified Risk Tobacco Products

145

s1opunj yo o701 ‘(sgnip Jo Ajddns se yons) 11oddns 1030 pue urpuny Jo s99IN0S ST Surpun,g
J[qe[IeAR JI ‘PIsSS00. 9q UBD [000301d [BLY) [[f OU) QIYA ¥Z [0903014
A1S1391 [eL JO OWERU pUB JOqUINU UONBISISIY €T uonensisoy
UONBULIOJUI J3Y)O
Q0UOPIAS JUBAJ[QI
IoT30 SULIOPISUOD PUR ‘SWIBY PUB S)JOUq Furoue[eq ‘SINSI YIM JUISISU0D uorjejardioju] w uonyejordisyuy
sSurpuiy 1eLy oy Jo (Anjiqesrjdde ‘Aiprjea [eu1a1xo) AI[IqezI[eIouon) 12 K1[1qezIjerausn)
sasAeue Jo Ayorjdnnw
ueAo[al J1 ‘pue ‘uorsrodrdwr ‘serq [erualod Jo s90IN0s FUISSAIPPE ‘SUONBIIWI] [BLL], 0z suoneII|
uoIssSnNISI(
(swrey 10§ TIOSNOD
99s 2ouepm3 o119ads 10J) dnoi3 Yyoes ul $3103]J0 papusjuIun IO suLey juelrodwl [V 61 swIey
K1o1e101dX%9 WOty paygroodsard SurysmIunsip ‘sosAeue
paisnlpe pue sasA[eue dnoigqns Surpnjour ‘pawro}1od sosATeue IO AUe JO SINSIY 81 SasATeue Are[[Iouy
PopUSILIOIAI
SI SOZIS J09JJ9 9AIJR[a1 PUe dJN[0sqe Y30q Jo uorejuasaid ‘sowooino A1euiq 10  qL]
(TeAISIUT SOUIPIFUOD 9, GG S yons) uoIs1oaid sj1 pue 9zIs UOI}BWIISS
109110 poewnIse A} pue ‘dnoid yoes 10J s)nsal ‘Ouwoono A1epuodds pue Arewad qoed 10y B/ pue sawoinO
sdnoi3 pougisse [euIgLIo AqQ sem SISA[eue oy Jayjoym
pue sisA[eue yoes ur papnjoul (Joyeurtuousp) syuedronied jo roqunu ‘dnoig yoes 104 9] PazATeue sIaquInNN
dnoi3 yoes 10} SONSLIdIORIRYD [BOIUI[D puek d1ydeISowap surjoseq SuImoys J[qe} SI BIRp QUIfOseq
‘0N 938 ‘ON
wo partoday WHISIPPND o drdo I /uondzag

: UNCORRECTED PROOFS

PREPUBLICATION COPY.

Copyright © National Academy of Sciences. All rights reserved.


lharbold
Text Box
PREPUBLICATION COPY: UNCORRECTED PROOFS


Scientific Standards for Studies on Modified Risk Tobacco Products

146

*310°)USUIN)L)S-)I0SUOD MMM 9IS “ISI[[IOYD SIY} 03 JUBAD[AI SOOULIJAI d)ep 03 dn 10J pue osoy} 10J :SUIIOOYLIO) dI8 SUOISUIX [BUONIPPY

‘sTe1n onewdeld pue ‘SUOIIUIAIOIUI [BQIoY ‘Sjuawiean) [eordojooeuneyd-uou ‘s[erny oousjeAmba
pue AJLIOLIQJUI-UOU ‘S[BLI} PASIWUIOPUEI I)SN[O I0J SUOISUAIXD [YOSNOD SUIPLAI PUSWIIOII OS[B dM JUBAJ[OI J] "SWA}I A} [[€ UO SUOIBIIJLI[D
juelrodwir 10§ uoneloqe[y pue uoneue[dxq 0107 LIOSNOD 2 YIm uondunuod ur Juatdie)s Siy} Surpeal spuotwoddr A[3uons 1 YOSNOD«

‘dno1n TYOSNOD Jo uorsstuad Aq payutrday] "z€€0:04€0102 [INF “S[etn pastuopuer dnois [oqjered
Sunuodar 10y sourjoping pajepdn Juowalels 0107 LIOSNOD ‘dnoIn TOSNOD 2y 10J “ToYoN " pue ‘Uewn[y "D "d “d "3 Z[YdS :HOUNOS

: UNCORRECTED PROOFS

PREPUBLICATION COPY.

Copyright © National Academy of Sciences. All rights reserved.


lharbold
Text Box
PREPUBLICATION COPY: UNCORRECTED PROOFS


Scientific Standards for Studies on Modified Risk Tobacco Products

METHODS FOR INVESTIGATING ADDICTIVE POTENTIAL 147

Randomized Clinical Trial Design and Methods

Nature of the Sample

Perhaps the major question that exists is whether the product will help participants quit
use of conventional tobacco products, either resulting in complete abstinence from any tobacco
product, including the MRTP, or by the MRTP serving as a long-term substitute. Therefore,
chronic smokers of conventional cigarettes (the most harmful conventional tobacco product) are
an important target population for an RCT. Today there are more questions than in the past about
what constitutes a current smoker because today’s smokers are smoking significantly less than in
the recent past (CDC, 2005; CDC and National Center for Health Statistics, 2008; Pierce et al.,
2011).

Because the results of an RCT should be broadly applicable to today’s smokers, the
sample should comprise smokers who smoke relatively little (e.g., daily smokers who smoke at
least two cigarettes/day) and very heavily (e.g., with no upper limit on daily smoking). The
participation of light smokers would be dependent, of course, on the determination that their
participation did not pose an unacceptable health risk (e.g., from nicotine toxicity). The
participation of very light smokers is warranted for several reasons: (1) they perceive themselves
to be at a reduced disease risk; and (2) they appear to differ from other smokers in their motives
for smoking (Piper et al., 2004). In addition, if the trial is designed to yield data on population-
based effects of MRTP availability, then the sample should comprise both those willing and
unwilling to quit. The latter population is appropriate since use of the product could encourage
smoking reductions or quitting in those not initially wanting to do so, just as NRT encourages
quitting in previously unmotivated individuals (Chan et al., 2011; Schuurmans et al., 2004; Stead
and Lancaster, 2007). Moreover, those who are not initially interested in quitting smoking might
be more likely to engage in long-term MRTP use than would others, or engage in dual use
(conventional cigarette smoking plus MRTP use), because they might use the MRTP but have
little desire to quit smoking. Either of those outcomes would have public health relevance.
Therefore, at least one or more of the RCTs conducted should comprise subjects with a range of
intentions or motivations to quit use of conventional tobacco products. Finally, while it might
seem difficult to attract smokers into a clinical trial who do not wish to quit, in fact, many such
smokers are willing to participate in order to try a new product that might be safer than
conventional tobacco or that might allow them to reduce their smoking (Carpenter et al., 2004).

One topic that could be addressed in an RCT is the extent to which the MRTP aids
cessation or substitution by young or adolescent smokers. To address this, adolescent or young
adults smokers could be recruited into the research either in a main study or a study focused on
this topic. As with this and other research, an attempt should be made to recruit a representative
sample with regard to gender, ethnicity, and socioeconomic status.

Smokeless tobacco users tend not to respond to NRT medications in the same way as
cigarette smokers (Fiore et al., 2008). Therefore, if it is deemed important to study MRTP effects
in smokeless tobacco users, then it would be important that the trial is adequately powered so as
to permit inferences about smokeless users per se.
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Characterization of the Sample

As discussed in the section on reinforcement and self-administration studies, a
comprehensive characterization of the sample is important because it defines the population to
which the conclusions may be most directly related. It also permits tests of the interaction of
person factors with MRTP effects. Variables that should be measured are gender, age, ethnicity,
educational and socioeconomic status, history of tobacco and nicotine use (including peak
tobacco use levels, prior quitting history, age of initial use, and use histories of different tobacco
and nicotine products), expectations about the effects of the products or agents to be tested,
motivation to quit using tobacco, self-efficacy regarding ability to quit, tobacco or nicotine
dependence, blood or breath levels of tobacco or nicotine exposure, health and mental health
status and history, other co-addictions (alcohol, narcotics, etc.), and use of psychoactive products
including psychiatric medications. The last factor is important as it may not only signal mental
health history, but some psychiatric medications are effective smoking cessation agents (e.g.,
bupropion, nortriptyline) and should be detected for that reason. In addition, measures should
also target environmental factors that relate to tobacco cessation success; these include home and
work smoking policies and whether the subject lives with a smoker (Bolt et al., 2009). These
variables are important as they have been related to nicotine dependence, tobacco self-
administration, and ability to control tobacco use.

In terms of tobacco dependence assessment, the Fagerstrom Test for Nicotine
Dependence or one of the new multifactorial dependence assessments (the Nicotine Dependence
Syndrome Scale [Shiffman and Sayette, 2005; Shiffman et al., 2004] or the Wisconsin Inventory
of Smoking Dependence Motives [Smith et al., 2010]) appear to provide more accurate appraisal
of dependence than do the Diagnostic and Statistical Manual of Mental Disorders criteria
(Hughes et al., 2011).

Subject Recruitment and Randomization

Subjects could be recruited via media announcements or via smoker identification
methods used at primary care clinics. The former tends to be more appropriate for efficacy
studies where highly motivated subjects are targeted, while the latter tends to be more
appropriate for effectiveness studies because the primary care recruitment does not focus on
“treatment seekers.” Care must be taken to ensure that recruitment and screening do not set up
expectancies among subjects that bias the findings (e.g., expectations that would not be present
in real-world use).

To obtain a large sample, studies might have to be conducted at multiple sites. All sites
must be adequately described and methods should be adopted that ensure that recruitment,
screening, and research and treatment methods be uniform across sites. Further, poolability
analyses should be conducted to determine the consistency of findings across sites.

In terms of sample size, it must be set to detect effects in the primary outcome(s) that
would be of public health significance. There is no effect size that has been accepted as having
clear public health significance for an outcome such as smoking cessation. One approach would
be to test whether an MRTP enhances long-term outcomes to a similar degree as over-the-
counter cessation medications, which tend to approximately double 6-month abstinence rates
(Fiore et al., 2008). However, research grants in this area are often powered to detect effect sizes
in which the experimental intervention increases long-term (e.g., 6-month) cessation rates by at
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least 10 percent (e.g., 10 percent in controls and 20 percent in experimental subjects). A
Cochrane report suggested that a cessation increment of 6 percent could be of public health or
clinical significance (Lancaster and Stead, 2005). Because the effects of an MRTP would occur
on a population-wide basis with use by many thousands of individuals, it seems prudent to power
an RCT to detect relatively small effects. Therefore, consistent with the Cochrane report, it
would make sense to power at least one of the RCTs to detect an effect (increment in cessation)
of 56 percent or greater.

Of course, an RCT permits the collection of information on multiple outcomes, even if
many are secondary. If there are especially important secondary outcomes, these too must be
considered in setting recruitment goals. For instance, it may be highly efficient to collect data on
disease biomarkers or surrogates over the extended use of MRTPs during the trial, although the
validity of such biomarkers would need to be considered in such decisions (Hatsukami et al.,
2006). Some biomarkers and surrogates may be expected to show changes over the course of a
lengthy clinical trial follow-up lasting over a year (e.g., exposure biomarkers or surrogate
endpoints like endothelial dysfunction). Biomarkers and surrogates are discussed further in
Chapter 3.

The randomization process should follow CONSORT recommendations (Schulz et al.,
2010). If multiple sites are used, then randomization should be balanced within sites. Also, the
method of randomization should ensure blinding (at least blinding from staff and assessors to the
extent possible). Moreover, blocking within each site should be used for factors that might
powerfully influence outcomes (e.g., whether or not research participant has an intention to quit).

Randomized Clinical Trial Measures

Biochemical Measures

As discussed in the section on reinforcement and self-administration measures,
biochemical measures of tobacco or nicotine exposure should be collected because they reflect
prior self-administration intensity or tolerance and are often related to likelihood of future
cessation (al’Absi et al., 2004; Powell et al., 2010). The appropriate measure could be CO level
for cigarette smokers, but it could be nicotine or cotinine levels (from blood, saliva, or urine) in
other sorts of nicotine or tobacco users (those using smokeless tobacco or NRT). In particular,
acute blood nicotine absorption profiles in response to both single and repeated use of products is
a meaningful component in assessing the addictive potential of MRTPs. In an RCT where acute
effects of self-dosing are not targeted, cotinine may be preferred over nicotine levels, because its
longer half-life should provide a more accurate index of chronic consumption. This would be
especially important if light smokers are included in the sample. Also, if a noncombustible
MRTP is studied, CO levels during or after the experiment will not provide measures of effective
dosing. Therefore, to obtain a true baseline for such later measures, either nicotine or cotinine
should be measured at baseline. Measurement of urine cotinine corrected for creatinine
concentration may be the best predictor of plasma cotinine (Benowitz et al., 2009). Finally, the
investigator might wish to measure 3’-hydroxycotinine in order to estimate nicotine metabolism
(Schnoll et al., 2009), which might predict heavy product use and the long-term substitution of
the MRTP for smoking versus smoking cessation per se.
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Baseline Assessment

Ideally baseline data should be collected via computerized data acquisition systems that
ensure complete data recording and detection of out-or-range values. Baseline measures should
be taken of all those variables that are to be used as outcomes, moderators, covariates, or to
characterize the sample, such as smoking rate, use of all tobacco products, biochemical measures
of heaviness of tobacco use, nicotine dependence, socioeconomic and educational status,
withdrawal symptoms, affect, mental health history, physical health status and perceived health
status, medication use, aversive events (e.g., due to nicotine toxicity), smoking history (e.g., age
of first smoking/daily smoking, longest prior abstinence from a quit attempt, prior use of quitting
aids), quitting self-efficacy, perceptions of the MRTP, motivation to quit, home and work
smoking policies and restrictions, and alcohol use. Obviously, investigators should use
psychometrically sound instruments and should routinely report psychometric data for their own
sample (e.g., coefficient alpha). Also, to the extent possible investigators should use commonly
used instruments to enhance assessment of comparability of the recruited sample with samples
used in previous research.

Assessment During the Cessation Trial

The key assessment targets include use of both conventional cigarettes and the MRTP.
Such use data can be gathered from a variety of means, such as interactive voice response (IVR)
assessments via subjects’ cell and landline phones, by mailed questionnaires, or by Internet
assessment. If a targeted quit day has been set (e.g., in the context of an efficacy study), then
assessments could be concentrated around this time. Otherwise, assessments could occur at
intervals of sufficient frequency to permit accurate recall. There is evidence that subjects can
complete smoking calendars accurately over 3—6 month intervals (Piper et al., 2009), with
calendars capturing whether or not smoking occurred on a particular day (i.e., a binary measure
of smoking, not a specific amount smoked) over the past 6 months. Assessment of number of
cigarettes smoked/day over the past week only would allow for the estimation of current
smoking heaviness (and this would also permit point prevalence assessment for the past week). It
seems likely that subjects could supply similar information with regard to MRTP use (with
estimates of amount of use/day being captured only for recent days [past week]).

Ideally, periodic ecological momentary assessment data (perhaps captured via IVR calls)
could be used to assess heaviness of use of both conventional tobacco and the MRTP. These
could target use of both products over the past 24 hours and could occur every other week, or
even monthly in an extended study, without constituting an undue burden. Recent clinical trials
on smoking cessation have used IVR calls with follow-up durations of a year or more
(Brendryen and Kraft, 2008; Reid et al., 2007). In an efficacy study such assessment strategies
could be maintained for many months, but they might require compensation in order to obtain
high completion rates. Such assessments could also track quit attempts, withdrawal symptoms,
self-efficacy, and aversive events.

It is sometimes acceptable nof to collect biochemical confirmation of tobacco use status
for follow-up outcome assessment, especially in effectiveness studies where there has been little
interpersonal contact between the research staff and subjects (Hughes et al., 2003). However, in
any study involving extended and multiple assessment contacts, and where degree of product use
is important (not just binary measures of use such as targeted in point-prevalence assessments), it
would be important to collect biochemical indices of use. Both urine cotinine and CO should be
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collected, with care taken to collect self-report information on use of any product (e.g., NRT)
that could affect levels of biochemical indices of exposure. Therefore, for any RCT it seems
highly desirable to schedule in-person visits every 6 months for biological sample collection
(Smith et al., 2009). At such in-person visits, researchers could not only collect additional self-
report point-prevalence (past week) data on conventional tobacco and MRTP use, but researchers
could also collect data on such secondary outcomes as MRTP attitudes and liking, motivation to
quit, tobacco dependence, changes in important environmental variables (e.g., smokers in the
home), and MRTP use in subjects’ social networks (if study is postmarketing).

Throughout the trial, the investigators should track all events that need to be reported in
CONSORT event diagrams: numbers of individuals contacting the research program and
assessed for eligibility, number excluded and reasons for exclusion, number who declined
participation during the induction process and when and why they declined, number assigned to
each experimental condition, amount of experimental intervention and assessment received,
number who formally discontinued participation and reasons for discontinuation, the number lost
to follow-up (unable to contact), and the number analyzed and reasons for any departures from
intent-to-treat principles. All data should be reported for the entire sample and with respect to
treatment condition for measures collected after random assignment. Of course, CONSORT
reporting recommendations will no doubt change over time, and researchers should ensure that
their methods reflect the most current standards.

Finally, good experimental design standards demand that aside from the manipulation of
the independent variable(s), all procedures in the study, including types and intensity of
assessments, be equivalent across all experimental conditions.

Selecting and Delivering the Tobacco Products

Some questions concern the method for product provision, the need for a placebo control,
and the need for product blinding. With regard to the method for making the tested products
available to subjects, two sets of questions can be distinguished with regard to how an MRTP
might affect cessation. One question is, does optimal use of the MRTP help a smoker quit
smoking, and if so, how effective is it, and how does it compare in this regard to other widely
available cessation aids such as NRTs? This is the sort of question addressed in an efficacy trial,
trials that are designed to gauge intervention effectiveness under near-ideal circumstances. A
second question is whether MRTP availability per se affects the likelihood of future cessation.
This second question is concerned with a real-world effectiveness issue: under conditions of real-
world use (or near real-world use), where many individuals may not even use the MRTP or
attempt to quit using a conventional tobacco product, how does MRTP availability affect
outcomes? If it is deemed important to determine the effectiveness of the product in a formal,
structured quit attempt relative to cessation aids such as NRTs, then it should be offered with
considerable support for its use. This would entail free product use for the duration of the trial
and perhaps training in use, encouragement of use, and perhaps prompting of use. Such a trial
would show how effective the MRTP could be in boosting cessation rates (of conventional
tobacco products) under ideal conditions. It might even make sense to offer the MRTP in
conjunction with adjuvant interventions that are readily available in real-world use, such as quit-
line counseling (Miller and Sedivy, 2009; Smith et al., 2009; Tinkelman et al., 2007).
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However, it seems that the former question (optimal MRTP efficacy as a cessation aid) is
of somewhat less interest than questions that would focus more on real-world use and effects.
That is, it seems most relevant to determine if MRTP availability to a group of individuals exerts
a net effect on the future use of conventional tobacco products across the population of potential
users. The goal of external validity would be served by providing little support for MRTP use
(i.e., providing the MRTP at least nominal cost, providing no more use information than would
be provided by package instructions). In addition, the MRTP would be offered by itself with no
provision of adjuvant therapy or encouragement for its use. However, it might be that this
approach would provides even less use support than would occur in real life, where a person’s
social network for instance, might encourage use and provide information.

A related consideration is that the RCTs will probably be used to address multiple
questions (even if only one or two are deemed primary). For instance, not only is it of interest to
determine if the MRTP affects future use of conventional tobacco, but it is also important to
obtain additional information on the health risks that might attend chronic and unsupervised use,
or the extent to which MRTP use affects tobacco withdrawal symptoms. Unless a meaningful
portion of the sample uses the MRTP regularly, then no inferences can be made about such
topics (Does heavy use increase liking? How does heavy real-world use affect nicotine and
toxicant exposure?). Therefore, it seems that a good compromise strategy is to conduct at least
one efficacy trial and one effectiveness trial. The effectiveness trial could perhaps start out with
free use in the early stages of the trial to ensure some initial trial of the product, and then
weaning the subjects off supported use, with their eventual request of the product reducing their
subject payments by some meaningful amount.

With regard to the issue of placebo control, it seems as though use of a placebo would be
desirable in an efficacy trial but not in the effectiveness trial. The reasons that it would be
desirable in the efficacy trial are that (1) there is a history of very strong and persistent responses
to placebo tobacco products (e.g., cigarettes that contain no nicotine [Perkins et al., 2008]); and
(2) even if the MRTP were compared with another “active” product that contained nicotine (e.g.,
NRT), this would not control for effects of novelty and “newness” that might accompany the
provision of a new or less familiar nicotine delivery system. (If the research occurred in a
postmarketing context, this could affect the need for a placebo control.) If a placebo were used,
the research should be double blind. However, subjects would not be blind to the product they
were using in an effectiveness study. In any study, to the extent possible, the staff collecting
assessment and outcome data should be blinded to treatment assignment or product use. Steps to
ensure this and quality assurance measures should be described. Also, if placebo control is used,
then data should be collected on subjects’ beliefs about the product they were given.

Other intervention procedures should be similar to those used in any well-designed RCT
evaluating the use and effectiveness of a cessation aid. Subjects should receive enough product
to permit optimal dosing, they should be given instructions for product use that fit the nature of
the RCT (efficacy versus effectiveness), they should be given clear information on health risks
and how to spot adverse reactions or effects, they should be given a way to communicate about
health concerns and get professional advice, and they should have their use of the products
tracked in multiple ways (e.g., “pill counts,” self-report, ecological momentary assessment self-
report, medication recording devices). Finally, it would be important that the subjects not be
given clear messages about the possible or targeted effects of the products since this could
produce biases in subsequent ratings or behaviors (e.g., disappointment, placebo effects, and so
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on). Perhaps the subjects could merely be told that the MRTP is being evaluated to determine
how much people will use it, how it might affect their use of other forms of tobacco, and their
attitudes about it.

There may be instances where cluster assignment of participants may be warranted (e.g.,
where communities or schools are assigned to various products). This would permit assessment
of product effects within larger social units (spread of use within peer groups) and also permit
assessment of environmental impacts (community cardiac events or bronchitis incidence).

Long-Term Follow-up Methods

Certain methods have been shown in prior research to boost trial participation and

adherence:
1. clear information early on about the assessment burden;
2. timely payment for assessment information and visits;
3. ability of a subject to reschedule assessments;
4. use of brief, clear questionnaires;
5. use of the same assessor over time to promote the development of a personal

relationship;

6. collection of information via multiple contact routes (multiple phone numbers, e-mail
addresses, home and work addresses, and collateral informants) to facilitate long-term
contact;

7. regular inquiries about the subject possibly moving and likely future addresses; and

8. explicit permission for a subject to skip a follow-up contact with the understanding
that s’he may resume participation at some future point in time.

These methods should be adopted in an effort to reduce attrition and boost ascertainment
rates. With such methods it may be possible to track clinical trial participants over several years.

As suggested above, tracking of outcomes should occur via multiple routes: phone calls,
mailed questionnaires, Internet questionnaires, and in-person visits. In general, use of multiple
data collection routes yields more comprehensive data and higher ascertainment rates. For
instance, in-person visits could be made at a periodicity of 6 months to obtain calendar data on
smoking and MRTP use (and biochemical samples or physical health tests as needed), but at that
periodicity, fine-grained use data (how many cigarettes or MRTP doses were consumed each
day) could be obtained only for the past week. Therefore, interval sampling methods using cell
phone calls, perhaps on a monthly basis, could provide information on intervening product use
and symptoms.

Data Analysis

Important elements of an analytic report include
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as per CONSORT recommendations, primary and secondary outcomes specified a
priori;

a description of any significant protocol deviations;
a complete CONSORT diagram;

adherence to intent-to-treat analytic principles and description of exact subject counts
included in each analysis;

use of experiment-wise error correction, except where primary hypotheses are tested
or outcomes important to subject welfare are being evaluated;

evaluation of covariates to determine their ability to reduce type II error; and

reporting of all adverse events and their relation to MRTP use described.

In addition, the analysis plan should examine relations of MRTP use to outcomes,

perhaps with use of formal mediation analytic strategies (MacKinnon et al., 2002; Piper et al.,
2008). As with some pharmaceutical products, there may be particular patterns of use that are
especially beneficial or harmful; such patterns may be most identifiable through the use of real-
time assessments of use patterns, perhaps via electronic monitoring strategies (Cramer et al.,
1990; Matsui et al., 1992; Metry, 1999).

At the minimum, it is critical that RCTs analyze the following in order to

comprehensively capture the effect of MRTP availability on public health, and to support later
modeling of such effects:

use of the MRTP;

relations of MRTP availability (treatment assignment) and use with measures of use
of conventional tobacco products (e.g., cigarette smoking), with use reflected in both
binary and continuous measures (abstinence vs. smoking rate data; dual-use rate vs.
smoking rate data);

relations of MRTP use with occurrence of quit attempts and duration of abstinence
achieved in such attempts, and whether MRTP use reduces quit attempts with other
sorts of cessation aids (e.g., there may be no net effect on smoking cessation per se,
only a shift in type of quitting, as in use of the MRTP versus NRT);

effect of MRTP use on withdrawal and craving during quit attempts and when
individuals reduce their use of conventional tobacco products;

nicotine dependence with regard to use of both the MRTP as well as conventional
tobacco products;

changes in perception of conventional tobacco products and of the MRTP as a
function of MRTP use over time (e.g., liking, addictiveness, safety); and

quitting self-efficacy and quitting intentions in response to use of both conventional
tobacco products and the MRTP. Such outcomes should be measured both at discrete
endpoints (e.g., abstinence rates at 6-month visits) as well as via ecological
momentary assessments that generate data for intensive longitudinal data analysis
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(e.g., assessment of smoking over time with MRTP use serving as a time varying
covariate in growth curve models).

Inferences

Interpretations of the obtained data need to be synthesized in order to attain a
comprehensive assessment of the potential public health impact of approving a product as an
MRTP. RCTs can yield data on the use of the MRTP over time on the proportion of people who
use it and how heavily they use it, the extent to which it produces or sustains nicotine
dependence, and the extent to which it reduces use of conventional tobacco products (e.g.,
smoking) or reduces use of cessation aids. Data from all relevant measures must be integrated,
for instance, taking into account not only the size of the effects of the MRTP on important
outcomes but also the prevalence of use and safety findings. For instance, if the product is
unappealing and infrequently used, then its potential for a positive public health impact is
reduced even if it can boost smoking cessation success. Evaluation of the effects of MRTP will
be an iterative process, as information gained from post-market observations may inform or
correct assumptions for laboratory and preclinical investigations. In addition, such synthesis may
take into account projected costs to the user and society (e.g., via health care impacts). By
supplying data on the outcomes noted above (heaviness of use, duration of use, impact on
smoking), RCTs should yield evidence that would be useful for modeling of population based
health and economic impacts. Models can account for and potentially predict the effect of
marketing an MRTP on initiation, cessation, or relapse. Simulation models that use mathematical
formulas need to account for population dynamics, as initiation and cessation rates can depend
on demographic differences and social behaviors.

The synthesis of all of this information will be challenging because it involves explicit or
implicit weightings of the various possible outcomes. No well-defined cut scores are available
for gauging benefit, and interrelations of variables may be complex. For instance, an MRTP
should be compared with one or more NRTs in RCTs (Kotlyar et al., 2007); however, note that
the MRTP need not necessarily be “better” or even equivalent to the NRT in order to exert a
public health benefit. An MRTP that is inferior to NRTs (more toxicants, less effective at
boosting cessation of smoking conventional cigarettes) could still exert a net public health
benefit if its modest effects were additive, meaning they occurred on top of those of NRTs. For
example, while not being very effective at helping smokers quit when used as a sole product, it is
possible that the combination of NRT plus the MRTP yields additive (or even positive
synergistic) effects on smoking cessation when in combination. This is entirely possible because
combinations of NRT medications are more effective than single medications (Fiore et al., 2008;
Piper et al., 2009; Smith et al., 2009). Another possibility is that dual use reduces the rate of
cigarette use and exposure to toxicants, and therefore results in a net benefit to both individual
and public health. Conversely, the net public health impact of the MRTP may be compromised to
the extent that it reduced use of NRTs that ultimately led to smoking cessation. Or, the MRTP
might benefit a different population of smokers than do NRTs. Ideally, an experimental design
should permit the testing of a broad range of MRTP and MRTP effects.
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5

Methods for Studying Risk Perception and Risk Communication

According to the Family Smoking Prevention and Tobacco Control Act of 2009
(FSPTCA),' consumer perceptions of labels or marketing statements for modified risk tobacco
products (MRTPs) should be tested to show that they will not mislead the consumer to believe
that the product is less harmful or demonstrates less risk than is actually true. As such, on an
annual basis, pre- and postmarket studies should be conducted to demonstrate that current and
potential consumers of each MRTP understand the actual and relative risks of the product. As
discussed in Chapter 1, the FSPTCA articulates a public health standard whereby product
sponsors must conduct studies on the effect of the product on the population as a whole. As
outlined in the law, this evaluation of the health of the population must include studies
demonstrating that (1) perceptions of less risk from the MRTP do not result in nontobacco users
initiating tobacco use, (2) existing tobacco users who would otherwise consider quitting all
tobacco products do not switch to this new MRTP, and (3) usage of tobacco products does not
increase as a result of this new product.

This chapter begins with a brief review of how users and nonusers perceive tobacco-
related outcomes, including perceptions of epidemiologic data, short- and long-term risks to the
individual, addiction, and potential benefits. Careful attention is given regarding perceptions of
different types of tobacco products, as well as how perceptions of tobacco use outcomes vary by
age and demographics. Next, the chapter outlines the standards for studies on risk perceptions,
including the questions that should be addressed through the studies, standards for the research
designs, participant recruitment, measurement, and analysis.

BACKGROUND AND RATIONALE: IMPORTANCE OF RISK PERCEPTIONS

Judgments about risk, otherwise known as risk perceptions, are viewed as a fundamental
element of most theoretical models of health behavior and behavioral decision making, including
social cognitive theory (Bandura, 2001), the health belief model (Rosenstock, 1974), the theory
of reasoned action (Fishbein and Ajzen, 1975), the theory of planned behavior (Ajzen, 1985),
self-regulation theory (Kanfer, 1970), and subjective culture and interpersonal relations theory
(Triandis, 1977). In general, these models argue that individuals’ perceptions about the value and
likelihood of behavior-related positive and negative consequences and their vulnerability to those

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 123 Stat. 1776 (June 22, 2009).
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consequences play a key role in behavioral choices. As such, understanding individuals’
perceptions of tobacco-related products, including MRTPs, whether such perceptions change
over time with the introduction of MRTPs, and whether such perceptions play a role in tobacco
behavior, is critical. The committee also acknowledges, as the 2007 Institute of Medicine (IOM)
report articulated, that perceptions of risk (and benefit) may have differing implications for
product use among different consumers. It is important to understand both the risk (and benefit)
perceptions of the consumer and the value that is placed upon these perceptions.

In the next few sections, the committee provides an overview of the literature on tobacco-
related perceptions, followed by methodological considerations to design studies to determine
perceptions and behavioral implications of MRTPs.

PERCEPTIONS OF EPIDEMIOLOGIC DATA FOR TOBACCO USE

It is critical to first understand the extent to which both tobacco users and nonusers
understand the actual risks of tobacco use, compared to epidemiologic data. Much of the
literature comparing perceptions to actual data suggests that, on average, smokers overestimate
the risks of smoking (Borland, 1997; Johnson et al., 2002; Kristiansen et al., 1983; Viscusi, 1990,
1991, 1992), while other studies show that smokers underestimate them (Arnett, 2000; Hansen
and Malotte, 1986; Leventhal et al., 1987; Schoenbaum, 1997; Sutton, 1998; Virgili et al., 1991).
Among adolescents and young adults (ages 18-22), Jamieson and Romer (2001) found that 70
percent of smokers and 79 percent of nonsmokers overestimated the risk of contracting lung
cancer from smoking. Just over a third of the smokers and over 40 percent of nonsmokers
overestimated the risk of death from smoking, and 41 percent of smokers and 27 percent of
nonsmokers either underestimated or did not know this rate (Jamieson and Romer, 2001). About
a quarter of the nonsmoking participants and 21 percent of the smokers also underestimated the
number of years of life that would be lost due to smoking, and they inaccurately perceived more
deaths caused by gunshots, car accidents, alcohol, and other drug use than by smoking cigarettes
(Jamieson and Romer, 2001). Given people’s limited understanding of tobacco-related risk,
MRTP labels and advertisements should be careful to convey information on tobacco-related
risks accurately and in a manner that can be fully comprehended by the general population.

PERCEPTIONS OF TOBACCO-RELATED RISKS AND BENEFITS TO THE
INDIVIDUAL

A great number of studies have examined both smokers’ and nonsmokers’ perceptions of
tobacco-related outcomes, including perceived short- and long-term health risks, social risks,
risks of becoming addicted, risks from secondhand smoke, and cumulative risks. Findings on
these tobacco-related perceptions as well as the important relationship between perceptions and
tobacco use are reviewed next.

Historically, studies of tobacco-related perceptions were largely focused on perceptions
of long-term health risks associated with smoking, such as heart attack and lung cancer. More
recently, there has been an emphasis on short-term health and social risks that are more pertinent
to adolescents and even adults, such as the smell of cigarettes, the yellowing of teeth, and the
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possibility of getting into trouble (Gritz et al., 2003; Halpern-Felsher et al., 2004; IOM, 2007,
Prokhorov et al., 2002).

Studies have also examined whether such tobacco-related perceptions are related to
actual tobacco use. There have been a number of studies that have relied on cross-sectional data
to test the relationship between adolescents’ perceived tobacco risk and actual tobacco use. The
bulk of these findings indicate that adolescents who have smoked hold lower perceptions of risk

than adolescents who have not smoked (Jamieson and Romer, 2001; Romer and Jamieson,
2001).

Using prospective, longitudinal data to examine whether perceptions actually predict the
initiation of tobacco use, Song and colleagues (2009b) showed that, compared to adolescents
with the highest perceptions of tobacco-related risks, adolescents with the lowest perceptions of
tobacco-related long-term risks were 3.64 times more likely to initiate tobacco use. The same
relationship was observed with perceptions of short-term risks, whereby the adolescent
participants who believed that tobacco-related short-term risks were unlikely were 2.68 times
more likely to initiate smoking compared to adolescents with higher perceptions of short-term
risks (Song et al., 2009b).

In addition to understanding the extent to which adolescent and adult smokers and
nonsmokers perceive tobacco-related risks and whether these risk perceptions deter tobacco use,
it is critical to learn the extent to which perceived tobacco-related benefits motivate individuals
to use a tobacco product. Indeed, studies provide support that perceived benefits are an equally,
if not more important, component of the decision equation. For example, Prokhorov and
colleagues (2002) found that scores on a smoking-related pros or benefits scale increased and
con scores decreased as adolescents became more susceptible to smoking. Pallonen et al. (1998)
showed that non-smokers were more likely to initiate tobacco use if they perceived more
smoking benefits, whereas perceived smoking risks were less related to smoking onset.

Halpern-Felsher et al. (2004), as well as Goldberg et al. (2002), found that participants
who have smoked perceive benefits more likely to occur, and risks less likely to occur, compared
to adolescents who have not smoked. Results from more recent longitudinal studies have
demonstrated that adolescents who report the highest perceptions of smoking-related benefits are
as much as 3.3 times more likely to initiate smoking (Song et al., 2009b), and that adolescents
who have experimented with as little as one puff of cigarette have greater perceptions of benefits
compared to those who have never smoked (Morrell et al., 2010).

In summary, adolescents’ perceptions of the risks and benefits of cigarette smoking play
an important role in adolescents’ decisions to smoke, and adolescents with lower perceptions of
tobacco risks are more likely to initiate tobacco use. It is therefore essential that studies of
consumer perceptions examine whether the information about MRTPs that is provided to
consumers affects the perceived risks and benefits of the products, and what implications these
perceptions have for subsequent use of the MRTP in relation to pre-existing tobacco products.
Given that adolescence is a period of heightened vulnerability for the initiation of tobacco use, it
is particularly important to evaluate whether adolescents accurately understand the purported
benefits of an MRTP. The ethical considerations for studies involving populations of high risk
for tobacco initiation, such as adolescents, are discussed in Chapter 2 and Chapter 6.

Other aspects of tobacco-associated risks that are not fully understood by many
adolescents and young adults, including misunderstandings about nicotine addiction and the
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ability to quit using tobacco products. Studies suggest that smokers and nonsmokers are not fully
aware of the addictive nature of smoking (Arnett, 2000; DiFranza et al., 2011; Halpern-Felsher et
al., 2004; Leventhal et al., 1987; Slovic, 1998, 2001). It is argued that adolescent smokers may
be less concerned about the long-term risks of smoking partly because they believe that they can
stop smoking easily and at any time (Arnett, 2000; Halpern-Felsher et al., 2004; IOM, 2007,
Slovic, 1998).

Perceptions of addiction go beyond the physical need to smoke, and include fulfilling an
emotional or social need, such as avoiding unpleasant mood states or wanting to socially relate to
others (Johnson et al., 2003). Rugaska et al. (2001) concluded that youth perceive dependence
risks to be associated solely with adult smoking; the authors found that adolescents believe their
underage smoking for social settings was safe, in contrast to adults who smoke to cope with
everyday life stress.

Weinstein et al. (2004) examined smokers’ beliefs concerning the ease of quitting and the
nature of addiction. They found that over 96 percent of the adolescents and adults in their study
agreed with the statement, “the longer you smoke, the harder it is to quit,” and most believed that
addiction develops quickly. Other analyses have found that smokers are relatively optimistic
about the idea of addiction, believing that smoking cessation is not that difficult (Jamieson and
Romer, 2001) and overestimating the ease at which a smoker can quit (Weinstein et al., 2004).

When inquired about the ease of quitting smoking, adolescents with smoking experience
believed they will find it easier to quit and will be more likely to quit smoking compared to
adolescents without smoking experience (Halpern-Felsher et al., 2004). Arnett (2000) found that
60 percent of the adolescents and almost half of the adults in their study endorsed the idea that
they could smoke for a few years and then quit if and when they wanted. Weinstein et al. (2005)
found differences in perceptions of risks between smokers who did and did not plan to quit
smoking, with those planning to quit recognizing higher risks of lung cancer.

In addition to examining perceptions of personal risk from smoking, a few studies have
examined perceptions of risk from secondhand smoke, including risk to others if you smoke, and
personal risk from others’ smoke. Glantz and Jamieson (2000) found that youth who smoked
were less likely than nonsmoking youth to believe that secondhand smoke leads to thousands of
deaths each year. They also showed that adolescents who planned to quit smoking were more
aware of the effects of secondhand smoke than were smokers without quit intentions. Romer and
Jamieson (2001) found that knowledge of secondhand smoke harm was indirectly related to
intentions to quit due to its relationship with perceived risk of smoking overall. Kurtz and
colleagues (2001) showed that elementary, middle, and high school students with smoking
experience were less knowledgeable about and had less negative views of secondhand smoke
compared to students without smoking experience. Similarly, Halpern-Felsher and Rubinstein
(2005) found that adolescents with smoking experience perceived less risk from secondhand
smoke than did adolescents without smoking experience. In a follow-up study, Song et al.
(2009a) showed that perceptions of risk from secondhand smoke predicted smoking initiation,
with adolescents with the lowest perceived risk of secondhand smoke being the most likely to
subsequently try smoking.

Taken together, this set of literature demonstrates the need to understand and describe
perceptions of tobacco-related outcomes, including perceptions of short- and long-term risks,
addiction, and potential benefits. It is also important to understand perceptions concerning

PREPUBLICATION COPY: UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



Scientific Standards for Studies on Modified Risk Tobacco Products

METHODS FOR STUDYING RISK PERCEPTION AND RISK COMMUNICATION 167

secondhand smoke as well as other tobacco products. These studies not only aid us in identifying
critical perceptions held by smokers and nonsmokers, perceptions are also instrumental in
predicting subsequent tobacco use and changes in patterns of use that are important to capture.
Data from these studies should be included in the portfolio of evidence submitted to the Food
and Drug Administration (FDA) when applying for a modified risk claim on a tobacco product.

Differences in Perceptions of Risks and Benefits by Type of Tobacco Product

A small set of literature has examined whether perceptions of risks and benefits vary by
the type of tobacco product. Most of this research has examined perceptions of so called “light,”
“ultra light,” and “low tar” cigarettes. The studies show that adults have misperceptions about the
health risks associated with smoking light and ultra light cigarettes; most adult smokers believe
these cigarettes deliver less tar and nicotine, produce milder sensations, and result in less health
consequences (Etter et al., 2003; Shiffman et al., 2001; Slovic, 2001). Studies have also shown
that smokers have switched to these so-called lighter cigarettes to reduce the health risks of
smoking (Slovic, 2001). Shiffman et al. (2001) examined the perceptions of light, ultra light, and
regular cigarettes among adult daily smokers; participants believed that lights and ultra lights
were less risky compared to regular cigarettes, and that the ultra light cigarettes were the least
harmful. Similarly, Etter et al. (2003) quantified the perceptions of smoking different cigarettes,
showing that participants believed they needed to smoke two light cigarettes or four ultra light
cigarettes to inhale the same amount of nicotine as one would inhale from a single regular
cigarette. Etter and colleagues (2003) also found that current adult light cigarette smokers
believed they were at less risk of developing lung cancer than did smokers of regular cigarettes.

Kropp and Halpern-Felsher (2004) extended these studies to examine adolescents’
perceptions of light cigarettes. In their study, adolescents believed they were significantly less
likely to have a heart attack, get lung cancer, have trouble breathing, get a bad cough, and die
from a smoking-related disease if smoking light cigarettes compared with smoking regular
cigarettes. The participants also believed that light cigarettes have less tar and nicotine than
regular cigarettes, and that it would be easier to quit smoking light compared to regular
cigarettes.

A study of Norwegian older adolescents and young adults (aged 1620 years) examined
perceptions of different tobacco products, including roll-your-own tobacco, factory-made
cigarettes, low-tar factory-made cigarettes, pipe tobacco, cigars or cigarillos, loose snus,
prepackaged snus, and nicotine replacement therapies (NRTs). Participants rated roll-your-own
tobacco as most harmful, and NRTs less harmful (Qverland et al., 2008). In a direct comparison,
snus was considered less harmful than cigarettes on average, and participants who used snus
rated it less harmful than did nonusers of snus (@verland et al., 2008). Callery and colleagues
(2011) examined the relative health risk beliefs among a group of adult Canadian smokers (aged
18-30 years). They found that between 30 percent and 47 percent of the participants wrongly
believed that smokeless tobacco and cigarettes are equally harmful, and some wrongly noted that
smokeless tobacco is more harmful than cigarettes (Callery et al., 2011).

Other studies have examined whether smokers believe there are differences in harm
based on type, brand, or color packaging of tobacco products. Mutti and colleagues (2011)
showed that adult smokers attributed differential risks based on cigarette brands and packaging
color (e.g., gold or silver compared to red or black). Smokers of light and mild cigarettes
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perceived their cigarette brand to be less harmful compared to others, as did smokers of
cigarettes found in gold, silver, purple, or blue packages. Similarly, Bansal-Travers et al. (2011)
perceived differences in risk based on color of the cigarette package, with white coloring
denoting less risk.

These studies confirm that adults and adolescents, as well as smokers and nonsmokers,
harbor misconceptions about tobacco products based on the packaging coloring or descriptors.
As noted by a previous IOM committee (2007), “such perceptions are likely the result, in part, of
the tobacco industry’s marketing of light cigarettes as the healthier smoking choice, a safer
alternative to cessation, and a first step toward quitting smoking altogether.” More favorable
perceptions of light, ultra light, and low tar cigarettes are important to note, since many smokers
have made the choice to smoke light cigarettes because they believe such cigarettes are less
addictive or safer than regular cigarettes (Etter et al., 2003). Further, adults who smoke light or
ultra light cigarettes might be less likely to attempt to quit smoking, believing that their cigarette
choices provide a safer alternative to regular cigarette smoking (Etter et al., 2003; Shiffman et
al., 2001).

Demographic Differences in Tobacco-Related Perceptions

With the exception of identifying age differences, there are surprisingly few studies that
have examined differences in tobacco-related perceptions by other demographic variables, such
as gender, race/ethnicity, or socioeconomic status. The small literature on these topics is
reviewed next.

Previous studies have found limited gender-specific differences among smokers with
regards to benefit perceptions of smoking. Among adults, women are more likely than men to be
concerned about post cessation weight gain, women are more likely to identify weight gain as the
cause for relapse to smoking, and women are less likely to be motivated to quit smoking if they
fear subsequent weight gain (Swan et al., 1993; Weekley, 1992). McKee et al. (2005) showed
that adult females perceived both greater risk and greater benefits from smoking than did adult
males. Others have found that women are less likely to acknowledge the health benefits of
smoking cessation (Sorensen and Pechacek, 1987), and that men are more likely to quit smoking
in order to have better health (Curry et al., 1997). Adolescent males report fewer health concerns
than females, and perceive fewer risks and greater benefits associated with a variety of health-
related risky behaviors (Millstein and Halpern-Felsher, 2002). Taken together, these studies
provide evidence to support the existence of gender-based differences in perceptions of the risks
and benefits of smoking. These differences may also relate to why females have poorer smoking
cessation outcomes as compared to males (Perkins, 2001). Thus, consumer perceptions of
tobacco products applying for the modified risk claim should be explored separately for males
and females in adolescent and adult samples.

Surprisingly few studies have examined cultural variation (including race, ethnicity,
country of origin, acculturation, language usage, and social class) in perceptions, especially
related to tobacco use. As described in a previous IOM report (2007), “it is possible that the level
of perceived risk (and benefit) may differ across groups of individuals, possibly as a factor of
culture, socioeconomic status, or differences in exposure to behavior-related outcomes, for
example. Alternatively, groups of adolescents or young adults might perceive the same level of
risk, but these perceptions might have different implications for their smoking, in part due to
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differences in perceived control, risk-reducing strategies used, or value placed on the negative
outcome (e.g., bad breath or trouble breathing) compared to the value placed on the benefit (e.g.,
looking cool) of smoking.” Future studies are needed.

Adolescents’ Reasons for Smoking

Qualitative studies have used methods such as one-on-one interviewing or focus groups
to understand the motivations for smoking (IOM, 2007). Based on these studies, the most
commonly identified reasons for smoking include: to satisfy curiosity, to fit-in with peers, to
relieve stress and boredom, to decrease appetite, to increase the high from alcohol and drugs, and
because parents smoke (Clark et al., 2002; Dunn and Johnson, 2001; Gittelsohn et al., 2001;
Kegler and Cleaver, 2000; Nichter et al., 1997; Vuckovic et al., 2003). A previous IOM
committee (2007) noted that, “adolescents form perceptions of smoking images, such as
nonsmokers being more mature (Lloyd et al., 1997), and adolescents recognize that different
types of smoking identities (beyond the usual categories of nonsmokers, experimenters, and
smokers) exist for adolescents (Johnson et al., 2003).” A number of studies indicate that such
images have an impact on adolescents’ smoking. Gerrard and colleagues’ (2008) Prototype
Willingness Model of adolescent risk behavior postulates that an adolescent’s image of a typical
smoker or non-smoker will influence his or her willingness to smoke, and ultimately his or her
actual smoking behavior. Research confirms that adolescents who hold more favorable images of
a typical smoker are more willing to smoke and accept the consequences of smoking (Gerrard et
al., 2008).

Advertisements for tobacco products have targeted reasons for smoking across a variety
of groups defined by demographic characteristics such as age (adolescents, young adults, and
adults), gender, race, socioeconomic status, and psychosocial needs; they have also been directed
at creating favorable images of smokers in order to increase sales (Anderson et al., 2005;
Balbach et al., 2003; Carpenter et al., 2005; Cook et al., 2003; Cummings et al., 2002; Landrine
et al., 2005; Ling and Glantz, 2004; Wakefield et al., 2002; Wayne and Connolly, 2002). Pre-
and postmarket studies should show that perceptions of MRTPs do not cause consumers to
increase use of harmful tobacco products or lead to dual use of MRTPs and traditional tobacco
products.

SCIENTIFIC STANDARDS FOR STUDIES ON RISK PERCEPTION AND RISK
COMMUNICATION

Study Questions to Address the Risk Perceptions of Modified Risk Tobacco Products

With reference to each MRTP, it will be important to identify consumers’ perceptions of
disease risk, likelihood of addiction, likelihood of reducing or increasing others’ exposure to
potentially hazardous compounds (e.g., secondhand smoke), and perceptions of risk compared to
other products that are already on the market. Perceptions of general harm, such as overall risk of
harm or addiction, as well as perceptions of specific harm, such as risk of lung cancer or heart
disease, should be studied. It is also important to establish consumers’ intentions of using the
product, both for consumers who do and do not currently use any other tobacco product. Of
particular importance are adolescents’ perceptions of the risks and benefits of using the product,
and whether they intend to initiate tobacco use with the MRTP rather than a traditional tobacco
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product because they believe the latter is a “safe” alternative. These issues should be addressed
in both pre- and postmarket studies.

Studies of risk perception should also include comprehensive questions that address the
many aspects of risk perceptions, including areas which researchers may ordinarily regard as
self-evident. For example, it is important to include questions about perceived risks of
secondhand smoke to nonusers for all MRTPs, regardless if the product is inhaled or non-
inhaled. Such a comprehensive approach will allow researchers and regulators to better
understand all components of perceived risk reduction. In addition, longitudinal postmarket
studies should address whether differences in perceptions and/or intentions among different age,
racial, socioeconomic status, or education groups predict later product use, change in product
use, or progression to dual use of MRTPs and traditional tobacco products.

Research Designs

This section outlines the committee’s review of research designs for use in pre- and
postmarket studies of consumer perceptions of MRTPs. The focus of the discussion is on specific
issues related to ethical procedures, target population selection and recruitment, construct
measurement, and analysis.

To determine perceptions of MRTPs, as well as whether such perceptions influence
tobacco use behavior, studies will need to occur both pre- and postmarket for each MRTP.
Premarket research will play an essential role in developing the messages that the tobacco
industry can use to communicate information about the MRTPs to consumers. This research will
determine consumers’ ability to accurately understand messages that communicate information
about the risks, benefits, and conditions of use pertaining to the MRTP itself and compared to
existing tobacco products. Studies should also test how these messages influence consumers’
perceptions of the risks, benefits, and likelihood of addiction related to the MRTP. Clearly, no
message developed can result in any significant misunderstanding, misinterpretation, or
generalization of what exactly the MRTP is supposedly modifying. For example, if the tobacco
company claims that the product contains less nicotine, then the consumer or potential consumer
cannot believe that the product also reduces the risk of lung cancer. Thus, the perceived
influence of the new product on health and other outcomes should match the actual difference in
health effects.

The first stage of premarket research will involve formative work using focus groups.
Focus groups are useful for offering depth and insight from similar groups of people, especially
when the intent is to gather general themes and ideas on topics not yet well studied. Focus groups
are particularly useful when no existing research can provide the information, and they are an
ideal way to generate new ideas that will be relevant for subsequent larger-scale studies, surveys,
and future research (Krueger, 2000). These focus groups should consist of the target populations
described below. The first phase of focus group research should include discussions with various
groups of individuals regarding the best, most effective, and most comprehensible messaging
that should be used to market and to label the product if the product is later approved as an
MRTP. That is, what is the most accurate and easily comprehended message? The second phase
should include discussions with groups of similar individuals to assess how the messages that
were developed in phase 1 are received by consumers. Specifically, do potential consumers
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understand the messages correctly? Do the messages change intentions to use this MRTP or any
other tobacco product?

Once messages that communicate potential risks and benefits of use are developed using
the focus groups, the effects of these messages on consumer perceptions should be tested.
Statements to be tested should include not only product labels or inserts intended to convey
health information about the product, but also marketing statements that will appear on any form
of advertisement of the MRTP. Nonverbal messages should be tested as well. For example, when
banned from using labels such as “light” or “mild” on cigarette packages in countries other than
the United States, the industry switched to using lighter colors to indicate “lighter” cigarettes. As
a result, smokers perceived cigarettes in the lighter colored packs to be less harmful and easier to
quit (Hammond and Parkinson, 2009; Hammond et al., 2009); this phenomenon has been
replicated in a recent U.S. study as well (Bansal-Travers et al., 2011). Therefore, if the industry
decides to use imagery, color-coding, or any other visual (but nonverbal) means of conveying
information about the MRTP, then they should also test the influence of this type of messaging
on consumer perceptions in pre- and postmarket studies, as well as its influence on use of the
MRTP in postmarket studies.

The minimum standards to test consumer perceptions and understanding of messages
about MRTPs include showing these messages to participants in randomized order and then
evaluating participants’ understanding of the messages and health outcomes affected by the
message (see later section on measuring risk communication) and their subsequent perceptions of
the product in terms of its potential risks, benefits, and likelihood of being addictive (see later
section on measuring perceptions). Techniques such as eye-tracking could also be employed by
researchers to study how research participants react to and understand warning labels, texts, or
advertisements. It will be important to compare consumers’ perceptions of the MRTP to selected
comparison products that are currently on the market, using experimental designs. Additionally,
it will be informative to investigate how perceptions are linked to product use by the consumer.
The relevance of behavioral economic self administration studies in evaluating the reinforcement
potency of a product is discussed in Chapter 4.

It will also be important to test consumers’ intentions to use the MRTP in general, and
compared to current products on the market (see later section on measuring intentions). That is,
given information about a specific MRTP, questions to be investigated include (1) do
participants plan to start using tobacco for the first time by using the MRTP, (2) do they intend to
use it to help them quit smoking regular cigarettes or other traditionally available tobacco
products, (3) do they intend to use both products concurrently, or (4) do they not intend to use
the MRTP at all?

The studies required by FDA for products applying to switch from a prescription to over-
the-counter (OTC) product may be useful in setting standards for studies on risk perceptions and
risk communication. Under this requirement, prescription drug sponsors must conduct labeling
comprehension studies to provide data on how the candidate OTC product label can inform the
consumer about the product, including how the consumer can understand and apply the
information presented on the drug label. The product itself does not need to be administered to
the research participants. While label comprehension studies may not fully predict consumer
behavior once a prescription drug reaches the market as an OTC product, they can assist in
creating a label that communicates effectively. The committee believes that the standards for the
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label comprehension studies required for a prescription-to-OTC switch can be useful in the
regulation of MRTPs.

After the product has been approved by the FDA as an MRTP and released for general
sale, it is vital to continue monitoring consumer perceptions and behavior related to that product
via ongoing postmarket research. Conducting nationally representative cohort-sequential
longitudinal surveys a minimum of three times per year (every 4 months) will be useful, with
longitudinal studies ongoing until sufficient time has passed to be able to observe changes in
tobacco use patterns. The longitudinal aspect of the design will allow researchers to track
changes in consumer perceptions and intentions over time; it will also determine how these
perceptions influence subsequent usage of the new MRTP, initiation of other tobacco use, and
changes in overall patterns of tobacco usage. The cohort-sequential aspect of the design will
allow researchers to control for historical or age effects that may affect real and perceived
outcomes (e.g., effects on perceived health risks, addiction risks, and actual usage). How long a
particular cohort should be followed depends on the age group of the cohort. Ideally, children
and adolescents should be followed at least through young adulthood (e.g., age 25) because this
is the period in which most people begin to use tobacco products. Adults who begin the survey
after age 25 may be followed for a shorter period of time, perhaps 3 to 5 years. The next section
will provide more information on participants and sampling.

Populations To Be Studied

In a preceding section, a number of questions about consumer perceptions that should be
addressed were outlined. Each of these questions should be asked and answered across a variety
of important study populations.

Based on the scientific literature discussed earlier in this chapter, perceptions of MRTPs,
including interpretation of marketing and health messages regarding particular MRTPs, and
whether such perceptions influence changes in tobacco use, are likely to differ depending on
whether or not consumers are current tobacco users, and whether or not current users desire to
quit. Therefore, perceptions should be studied among people who have never used a tobacco
product; people who have used any tobacco product in the past, but not currently; people who
currently use a tobacco product and do not intend to quit; and people who currently use a tobacco
product and do intend to quit, either with or without the use of NRT or other approved smoking
cessation aids. Assessment of tobacco use with items from previously validated measures and
surveys is standard. A list of sample items and their sources are listed in Box 5-1. Tobacco use
should be assessed for each category of tobacco product separately: cigarettes, cigars, chewing
tobacco, snuff, and pipe tobacco.
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BOX 5-1
Sample Items to Assess Tobacco Use

e Have you smoked at least 100 cigarettes in your entire life? (CDC, 2010)
e Do you now smoke cigarettes every day, some days, or not at all? (CDC, 2010)

e How long has it been since you last smoked part or all of a cigarette? (during the past 30 days,
more than 30 days ago but within the past 12 months, more than 12 months ago but within the
past 3 years, more than 3 years ago) (SAMHSA, 2009)

e Whatis your best estimate of the number of days you smoked part or all of a cigarette during
the past 30 days? (1 or 2 days, 3 to 5 days, 6 to 9 days, 10 to 19 days, 20 to 29 days, all 30
days) (SAMHSA, 2009)

e How many cigarettes per day do you smoke? (Heatherton et al., 1991)

e During your entire life, about how many times have you smoked a few puffs of a cigarette?
(Lee and Halpern-Felsher, 2011; Song et al., 2009a)

e During your entire life, about how many times have you smoked a whole cigarette? (Lee and
Halpern-Felsher, 2011; Song et al., 2009a)

e Have you ever smoked part or all of any type of cigar (including big cigars, cigarillos, or even
little cigars that look like cigarettes)? (SAMHSA, 2009)

e Have you ever smoked tobacco in a pipe, even once? (SAMHSA, 2009)
e Have you ever used chewing tobacco, even once? (SAMHSA, 2009)

e Have you ever used snuff, even once? (SAMHSA, 2009)

Among tobacco users, level of nicotine dependence should also be assessed and included
as a potential predictor of differential perceptions toward the MRTP. Levels of nicotine
dependence can be investigated by employing widely used and well-validated measures of
nicotine dependence, such as the Fagerstrom Test for Nicotine Dependence and the Hooked on
Nicotine Checklist (HONC) (DiFranza et al., 2002; Heatherton et al., 1991). Additional measures
of nicotine dependence include the nicotine dependence criteria of the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition, (DSM-1V) as well as the Nicotine Dependence
Syndrome Scale, Minnesota Withdrawal Scale, and Shiffman-Jarvik Withdrawal Scale
(American Psychiatric Association, 2000; Hughes and Hatsukami, 1986; Shiffman and Jarvik,
1976; Shiffman et al., 2004). Many of these measures, such as the HONC, DSM-IV measures,
and the modified Fagerstrom Tolerance Questionnaire, were developed for or have been adapted
for use among adolescents (Prokhorov et al., 1996). At present, the only known reliable measures
of nicotine dependence for smokeless tobacco use are the HONC and the Autonomy Over
Smoking Scale, and they have only been tested for reliability in adolescents (DiFranza et al.,
2011).

Smoking behavior can be characterized through an assessment of the frequency, timing,
and duration of prior quit attempts; this should be incorporated into the minimum standards.
Having experienced an unsuccessful quit attempt versus never having tried to stop smoking may
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differentially influence smokers’ perceptions of an MRTP, and thus have an impact on their
responses to marketing messages and subsequent product use. For example, tobacco users who
were unsuccessful in their quit attempts may perceive an MRTP as a potential cessation aid, even
if the product is not marketed as such, which would have important implications for use.
Alternately, this type of smoker may believe he or she will never be able to quit using tobacco,
and therefore view the MRTP as an option to continue using tobacco with less risk. Having
experienced more than one failed attempt at smoking cessation may serve to solidify any beliefs
smokers may have about their likelihood of success in the future, and affect their perceptions of
the MRTP and their behavior accordingly. Finally, quit attempts made more recently may have a
stronger effect on perceptions and behavioral outcomes than those made in the more distant past
due to the salience of the event (see Box 5-2 for sample questions to assess prior cessation
attempts).

Perceptions of and intentions to use a given MRTP are also likely to differ by age group.
Thus, it is critical that studies include participants in the following age groups: children (< 12
years old), adolescents (13—17 years old), young or emerging adults (18-25 years old), and
adults (> 25 years old). Studies should compare perceptions, intentions, and actual tobacco use
patterns within and across the age groups.

Research has shown that tobacco use and perceptions of tobacco-related risks/benefits
may also differ by race and ethnicity, thus placing certain ethnic groups at increased risk for
tobacco use and subsequent disease. Evaluation of differences in perceptions by racial or ethnic
categories is standard in all studies of consumer perception. The basic racial or ethnic categories
recommended by the IOM Subcommittee on Standardized Collection of Race/Ethnicity Data for
Healthcare Quality Improvement is appropriate for these studies: Asian, Black or African
American, Native Hawaiian or Other Pacific Islander, White, American Indian or Alaska Native,
and Hispanic or Latino, plus additional categories for Other and Two or More Races (IOM,
2009).

Studies also show that individuals with low socioeconomic status are more likely to use
tobacco and carry a disproportionate amount of the health burden associated with tobacco use.
As aresult, it is imperative that the potential influence of socioeconomic status on consumer
perceptions and use of MRTPs is understood. The most recent reported estimates of family
income and poverty thresholds published by the U.S. Census Bureau can assist researchers
understand the influence of socioeconomic status.”

Finally, numerous studies show that individuals with less education are more likely to use
tobacco; thus, they are more likely to suffer the health consequences of tobacco use. Researchers
investigating these tobacco products should evaluate potential differences in consumer
perceptions of MRTPs by level of education. For studies on consumer perceptions of MRTPs, it
is standard to include the use of the Substance Abuse and Mental Health Services Administration
education categories: Less Than High School, High School Graduate, Some College, and
College Graduate. Adding a category for individuals who have completed graduate school will
strengthen these studies.

% These estimates can be found on the U.S. Census Bureau website:
http://www.census.gov/hhes/www/poverty/methods/definitions.html.
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BOX 5-2
Sequence of Questions to Assess Prior Smoking Cessation Attempts

e How many times in the past have you made a serious attempt to quit smoking?
e What was the longest period of time that you were able to quit smoking?
e When was your most recent serious attempt to quit smoking?

e How long were you able to stay quit during your most recent quit attempt?
SOURCE: Abrams et al. (2003).

Participant Recruitment

Study participants should be recruited such that there are a satisfactory number of
participants falling into each tobacco use, age, racial/ethnic, socioeconomic status, or educational
category described above. A sample size will be considered satisfactory based on a priori
statistical power analyses to ensure that the sample adequately reflects the demographic
characteristics of the population of interest. Study participants should not have any affiliation
with the tobacco industry, the FDA, or any tobacco control agency.

For focus groups and experiments, the samples should be drawn from multiple sites
across the United States because of the regional differences in tobacco use and exposure to pro-
and antitobacco marketing and campaigns. Each focus group should contain 8—12 participants,
with participants within a given focus group having similar age, racial/ethnic, socioeconomic
status, or educational category described above. Multiple focus groups should be conducted,
each one representing different demographic characteristics, to ensure the results are
generalizable across each group. For experimental designs, participants should be randomly
assigned to each group, with numbers of each demographic group equally represented. For
surveys, the samples should be nationally representative; however, certain groups (e.g., African
Americans) may be oversampled due to low prevalence rates in the general population, such as
minority racial or ethnic groups. Participants should be recruited for surveys using the random
digit dialing method.

Measurement

Specific information on measuring tobacco use and sample demographic characteristics
was discussed above. Here details on measuring perceptions, risk communication, and tobacco
use intentions are provided.

Perceptions

Inclusion of conditional risk assessments is standard for evaluations of participants’
perceptions of risks, benefits, and likelihood of addiction associated with a given MRTP. This
type of risk assessment uses scenarios to explicitly place the outcomes under investigation in the
context of a specific behavior. Previous research shows that conditional risk assessments more
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closely reflect health risk behavior models and are stronger predictors of behavior than
unconditional risk assessments, which do not place outcomes in a precise behavioral context
(Halpern-Felsher et al., 2001; Ronis, 1992; Van Der Velde et al., 1996). As an example, for
evaluating short- and long-term risks and benefits, the committee suggests using a conditional
risk scenario such as the following: “Imagine that you just began smoking. You smoke about 2
or 3 cigarettes each day. Sometimes you smoke alone, and sometimes you smoke with friends. If
you smoke about 2 or 3 cigarettes each day, what is the chance that...?” (Halpern-Felsher et al.,
2004). The second scenario for evaluating long-term risks can include: “Imagine that you
continue to smoke about 2 or 3 cigarettes each day for the rest of your life. What is the chance
that...?” (Halp