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Abstract
The harm produced by tobacco products is a result of
frequent use of a highly toxic product. Reducing the
adverse public health impact of tobacco products
might be most effectively achieved by reducing the
likelihood of their use and the toxicity of the products.
Products that retain some characteristics of cigarettes
but have been altered with the intention of reducing
toxicity have been referred to as modified risk tobacco
products or potential reduced exposure products
(MRTP/PREP). Evaluation of their content, emission,
and toxicity is discussed in other articles in this special
issue. Here, we discuss the methodology that has been
used to examine the likelihood of abuse or addiction.
Abuse liability assessment (ALA) methodology has
been used by the Food and Drug Administration
(FDA) and other drug regulatory agencies world-wide
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for decades to assess the risks posed by a wide variety
of pharmacologically active substances. ALA is rou-
tinely required among other evaluations of safety dur-
ing the pre-market assessment of new drugs, and is
continually adapted to meet the challenges posed by
new drug classes and drug formulations. In the 2009
law giving FDA regulation over tobacco products,
FDA is now required to evaluate new tobacco products
including MRTP/PREPs to determine their risk for
abuse and toxicity at the population level. This article
describes the traditional tools and methods of ALA
that can be used to evaluate new tobacco and nicotine
products including MRTP/PREPs. Such ALA data
could contribute to the scientific foundation on which
future public policy decisions are based. (Cancer Epi-
demiol Biomarkers Prev 2009;18(12):3241–62]
Introduction

It has long been understood that the harm associated
with tobacco use is related to the level and duration of
toxicant exposure, commonly expressed as cigarettes
smoked per day and years of smoking (1-3). It has also
been acknowledged that reduced risk of disease can be
achieved by the complete substitution of less harmful
products (e.g., medicinal nicotine) for cigarettes or for other
harmful tobacco products. However, there is concern that
the population benefit of products with reduced toxicity
might be diluted or completely negated if those products
were to be used at higher rates than cigarettes due either
to their inherent likelihood of abuse and dependence or
to marketing efforts by manufacturers (3-7).

These public health concerns associated with tobacco
products are amenable to evaluation within an estab-
lished framework for abuse liability assessment (ALA)
that has been used by the Food and Drug Administration
(FDA) and other drug regulatory agencies world-wide for
decades to assess the risk posed by a wide variety of
drugs and drug products. Moreover, the need for the
comprehensive ALA of tobacco and nicotine products
has been recently codified within the Family Smoking
Prevention and Tobacco Control Act of the 111th Congress
(8). This law gave the FDA broad authority to regulate to-
bacco products to achieve the ultimate goals of prevent-
ing tobacco use and promoting cessation, with issues of
“particular concern to public health officials” including
“the use of tobacco by young people and dependence
upon tobacco” (ref. 8; Section 3). New products and mod-
ified risk tobacco products (MRTP) must henceforth be
evaluated and approved before they may be marketed.
Such evaluations of new (and existing) products will in-
clude the likelihood of their persistent use in addition to
their predicted toxicity and harmful consequences (ref. 8,
Sections 910 and 911).

Fortunately, traditional ALA methods, developed for
assessing risk of drug abuse and dependence, provide
an extensively researched and applied approach whose
strengths and limitations have been well documented
(9-13). ALA includes a broad range of specific tests that
can provide a scientifically validated basis for predicting
the likelihood that a new product will be abused or cause
dependence (also known as “addiction”; refs. 9-13). In
2009;18(12). December 2009

 ciation for Cancer Research
 on July 31, 2012rnals.org



Abuse Liability Assessment of MRTP/PREPs3242

DOI:10.1158/1055-9965.EPI-09-0948
fact, ALA was used to provide key data relied on by the
National Institute on Drug Abuse and U.S. Surgeon
General in the 1980s and later by the FDA in their deter-
minations that cigarettes met objective criteria as addic-
tive drugs (14-18). The ALA of drugs used to treat
tobacco dependence has also been critical in their ap-
proval, labeling, and approach to their regulation (refs.
16, 17; Chantix labeling).

ALA is both strengthened and complicated by the fact
that there are many potential tests for abuse liability that
can be applied depending on the stage of development
of a product, the specific questions of interest, including
the intent of the product's sponsor (or manufacturer) for
its marketing approach and potential claims (e.g., “re-
duced risk”). There are also a wide variety of potential
regulatory implications including product communica-
tions, warnings, and labeling that will be considered
by FDA in the United States, by regulatory agencies out-
side of the United States, and by the WHO in its assis-
tance to member states that have ratified the WHO
Framework Convention on Tobacco Control as delineated
in Articles 9 to 11 (19, 20).

Components Associated with Abuse Liability of
Tobacco Products

ALA involves determination of both the likelihood that
individuals will engage in persistent or problematic use
(e.g., become addicted to) a drug and the likelihood that
individuals will experience undesirable consequences as a
result of its use (e.g., adverse medical or psychological ef-
fects, impaired psychomotor or cognitive performance ef-
fects, physical dependence; refs. 12, 21). The likelihood
that the self-administration of a drug will result in persis-
tent use or abuse is associated with its psychoactive or
central nervous system effects, which can result in both
positive and negative subjective effects; its reinforcing ef-
fects; and with tolerance, craving, and withdrawal that
can result after repeated use of the drug (14). Complicat-
ing ALA is that the abuse liability of a drug also depends
on its pharmacokinetics; that is, the speed of drug deliv-
ery and absorption, the dose(s) delivered, and the rate of
clearance of the drug. A greater likelihood of abuse is as-
sociated with faster speed of drug delivery, greater
amount of drug absorption, or faster clearance of a drug
(22-27). Thus, smaller doses of more rapidly delivered nic-
otine might produce stronger addictive effects, referred to
in some tobacco industry documents as “kick” (16, 17, 28-
30). Adverse effects from a drug also play a critical role in
abuse liability (31). For example, the occurrence of unde-
sirable side effects such as nausea can lower the likelihood
Cancer Epidemiol Biomarkers Prev
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of abuse, whereas other undesirable side effects such as
cancer increase the liability or adverse consequences asso-
ciated with using a drug or drug product.

Most research on tobacco addiction has primarily fo-
cused on the role of nicotine, which is considered to be
the primary tobacco constituent that is responsible for
tobacco addiction (3, 14, 32, 33). However, other tobacco
ingredients or smoke emissions have been proposed to
enhance the reinforcing or rewarding effects of nicotine.
Ammonia is a chemical that increases the pH of the
product leading to greater available free or un-ionized
nicotine, which is more readily absorbed by cells (20,
34-37). Acetaldehyde increases the formation of acetalde-
hyde-biogenic amine adducts such as harman and salso-
linol, which have been shown to have reinforcing effects
by themselves and also to enhance the reinforcing effects
of nicotine (38). Flavorants such as cocoa, licorice, fruit
extracts, or menthol have been suggested to increase
the attractiveness of tobacco products and might be par-
ticularly appealing to youth (20, 32). Other constituents
such as nornicotine, a tobacco alkaloid and metabolite of
nicotine (39-41), and inhibitors of monoamine oxidase
(an enzyme that inhibits the metabolism of catechola-
mines) have been suggested to directly contribute to
the reinforcing effects of tobacco products (42, 43). The
ALA methodology discussed in this article can be used
to study the role of different drugs or constituents alone
or in combination, and has been used by Philip Morris to
do precisely that (29, 44).

The formulation and design of a product can also con-
tribute to its abuse liability (20, 36). For example, products
that are inhaled into the lungs are associated with faster
rates of absorption than products that are used orally and
tend to have greater abuse liability (22). Ventilated filters
can potentially enhance the abuse liability of a product by
facilitating the deep inhalation of nicotine and increasing
the administration of free or un-ionized nicotine (45-47)
and by facilitating compensatory smoking (48). The size
of the cut tobacco leaves can also influence the amount
of nicotine that is delivered by the products (3, 20, 36).
In addition, the abuse liability of a drug can also be
affected by individual differences in response to the drug,
such as the differences in the rate of drug (e.g., nicotine)
metabolism (49-52). Figure 1 depicts the relationship be-
tween product content, formulation, and design, which
influence the speed and amount of exposure to nicotine
overall or nicotine in an un-ionized form in particular,
which as described above is more readily absorbed. The
speed and amount of exposure to nicotine and other con-
stituents that are associated with tobacco's reinforcing
effects will contribute to the risk for tobacco addiction.
Figure 1. Factors that contribute to the risk of addiction to tobacco products.
2009;18(12). December 2009

 ciation for Cancer Research
 on July 31, 2012rnals.org



CEBP Focus: Tobacco Research 3243

DOI:10.1158/1055-9965.EPI-09-0948
As noted previously, abuse liability as traditionally
measured in the human and nonhuman laboratories
focuses primarily on the drug or product itself. However,
actual abuse of a drug or drug product is also influenced
by contextual, environmental, economic, and social fac-
tors (14, 53). For example, in addition to the abuse liability
of a drug or product, actual abuse can be affected by the
ease with which the drug can be extracted from the prod-
uct, drug availability (e.g., ease of purchase, drug price),
pleasurable sensory effects (e.g., sight, smell, taste, and
mouth feel), marketing or promotion, labeling, packaging,
beliefs and expectations about the utility of or harms as-
sociated with the drug, and the extent of social acceptance
and use of the drug (e.g., the extent of bans against the
drug, peer drug use). These factors are typically not ex-
amined in traditional ALA, but have been discussed with
respect to tobacco products by the WHO Study Group on
Tobacco Product Regulation (TobReg).

Abuse liability, although a critical area for potential re-
duced exposure product (PREP) assessment, is only one
component necessary for evaluating potential effects of
a MRTP/PREP on public health. Figure 2 shows the var-
ious factors that contribute to the impact of a tobacco
product on population harm (e.g., tobacco-related mor-
bidity or mortality for the population as a whole) and ex-
tends the traditional concepts and methods associated
with abuse liability to include actual abuse, dependence,
and harm. Abuse liability will affect how much of the
drug is used (and therefore, the extent of tobacco-related
toxicant exposure) and the rate or prevalence of drug use
(and therefore, the extent of population exposure). The ex-
tent of toxicant exposure and the prevalence of drug use
have a significant impact on the individual and popula-
tion harms associated with the drug. For example, the
high abuse liability of cigarettes most often leads to daily
cigarette use and contributes to the persistence in smok-
ing, which subsequently leads to prolonged exposure to
tobacco toxicants and increased tobacco-related morbidity
and mortality. Thus, the high abuse liability of cigarettes
has resulted in more than 1.3 billion smokers (54), which
in turn will lead to approximately 6 million deaths per
year by 2010 (55, 56).

The determination of what is an acceptable level of
abuse liability for a MRTP/PREP is likely to rest largely
on the toxicant profile of the MRTP/PREP. For example,
if a MRTP/PREP has a significantly reduced toxicant level
compared to a conventional product (e.g., medicinal nic-
otine products compared to cigarettes), then public health
might benefit even if the product has likelihood for use or
abuse. On the other hand, the availability of a product
with likelihood for abuse might lead to a greater number
of consumers who sustain their addiction to nicotine or
Cancer Epidemiol Biomarkers Prev
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individuals who will initiate use of the new product.
These issues are critical, but require a considerable
amount of thought and policy analysis, which are beyond
the scope of this article.

To date, there are a number of different types of pro-
ducts that could be considered MRTP/PREPs, including
low nicotine yield cigarettes (e.g., Quest, 22nd Century
Limited), smokeless tobacco (e.g., Marlboro Snus, Altria
Group, Inc.; Camel Snus, RJ Reynolds Tobacco Co.),
compressed dissolving tobacco powder (e.g., Camel
Orbs, R.J. Reynolds Tobacco), and nicotine vaporization
devices (e.g., Ruyan, N-Joy, Crown 7, various manufac-
turers). Given the diversity of materials, formulations,
and methods of use across these products, it is impor-
tant to understand how different characteristics such as
the dose of nicotine delivered, the pharmacokinetics of
nicotine delivery, and nonpharmacologic factors such
as taste and other sensory aspects, affect different pro-
ducts' liability for and of abuse (26, 57). Menthol and
other scents and flavorings can serve as robust sensory
stimuli that can become conditioned reinforcers when
paired with nicotine. Nicotine itself has noxious organo-
leptic properties, which can be masked by other ingredi-
ents in the tobacco product to make tobacco use more
pleasurable and more likely to lead to addiction (16,
17, 20, 28).

Thus, it is not surprising that companies manufactur-
ing MRTP/PREPs are applying various techniques to in-
crease the palatability of their products. For example,
multimodal sensory stimuli are associated with a brand
of dissolvable compressed powder tobacco called “frost.”
These stimuli consist of a mint flavor, mint odor, tingling
sensation at the site of application (upper lip), and cold
temperature, the latter if used shortly after purchase from
one of the company's branded refrigerated cases (Camel
Snus Advertisement, R.J. Reynolds Tobacco). The contri-
bution and interaction of these various factors to the
abuse liability of a MRTP/PREP present challenges to
the existing methods for assessing abuse liability.

The goal of this article is to provide an overview of es-
tablished methods and measures used to assess the abuse
liability of drugs that can be applied to tobacco products
in general (e.g., to assist FDA in its development of prod-
uct performance standards described in Section 907 of the
authorizing legislation), as well as new tobacco products
(described in Section 910), and MRTP/PREPs (as de-
scribed in Sections 910 and 911; ref. 8). This article is not
intended to serve as a comprehensive review or meta-
analysis of all abuse liability studies, but rather to provide
guidance regarding the current and future ALA of
MRTP/PREPs based on the current best practices in
ALA, as they are applied to illicit drugs and pharmaceu-
tical products. The studies cited within this review have
Figure 2. Components to assess population harm.
2009;18(12). December 2009
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been included as illustrative examples of the methods that
are described in several extensive reviews of laboratory
ALA methodology (12, 21, 58, 59). All of these methods
have previously been used to assess the abuse liability
of cigarettes, and many formulations of nicotine includ-
ing FDA-approved pharmaceuticals, as has been re-
viewed elsewhere (10, 14, 60, 61).

Other reviews have addressed the assessment of abuse
and misuse in the clinical setting (62-64) and the role of
formulations in ALA (11, 65, 66). A review of studies that
have specifically examined the abuse liability of MRTP/
PREPs is described in an accompanying article in this is-
sue, Clinical Methods and Measures for the Assessment of
PREPs (67). The present article will also identify current re-
search gaps and recommend directions for future research.
Measurement of the Abuse Liability of a Product

Over the last several decades, well-validated methods
for assessing the likelihood/severity of abuse and like-
lihood/severity of the consequences of abuse in human
subjects in a laboratory setting have been developed
(10, 12, 21, 58, 68-70). These methods, each of which
will be discussed in more detail in subsequent sections,
include (a) drug discrimination, (b) acute dose-effect
comparisons, (c) suppression of withdrawal and crav-
ing), (d) self-administration (including the determination
of progressive-ratio breakpoints), and (e) choice proce-
dures. These laboratory procedures have been shown
to have good internal validity and predictive validity.
That is, drugs that are liked and self-administered by
human recreational drug users in the laboratory tend
to be used and abused recreationally outside of the lab-
oratory setting (59, 69, 71). We also will discuss some
methods such as brain imaging procedures that are less
well established for ALA, but might be useful for exam-
ining potential mechanisms of action within functional
brain areas. Finally, we will describe some of the
Cancer Epidemiol Biomarkers Prev
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highly useful information about abuse liability that
can be derived from clinical trials and post-marketing
surveillance.

Figure 3 shows the various areas of ALA and the
models or methods that have been used to undertake
these assessments. In this figure, two broad areas of
abuse liability are measured: likelihood of abuse and
consequence of abuse. The likelihood of abuse can be
determined by examining the pharmacokinetic effects
of a drug, the pharmacodynamics and central nervous
system effects, and the reinforcing effects. ALA in each
of these areas can be conducted by acute dosing stud-
ies (pharmacokinetics and pharmacodynamics); drug
discrimination studies (pharmacodynamics); brain im-
aging (central nervous system effects) studies; and
drug self-administration studies including the analysis
of progressive-ratio breakpoints, behavioral economic
functions, and preferences or “forced”-choice trials.
Consequences of excessive use of an abusable product
might include impaired cognitive function, the devel-
opment of physical dependence, and other adverse ef-
fects from the drug. These negative consequences can
be assessed in acute dosing studies, clinical trials,
and post-marketing surveillance.

Table 1 provides a summary of these various methods
and models that have been used to assess the abuse liabil-
ity of illicit drugs and pharmaceutical products. Each of
the following sections will describe how these methods
have been adapted to examine the abuse liability of a var-
iant of nicotine delivery product, including conventional
tobacco cigarettes.
Application of Methods for ALA to Nicotine
Delivery Products

Drug Discrimination. Drug discrimination is a behav-
ioral procedure that is used to determine whether two
stimuli (e.g., drugs) can be differentiated from one
Figure 3. Traditional concepts and methods used for laboratory assessment of abuse liability.
2009;18(12). December 2009
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Table 1. Methods for abuse liability assessment
Model
 Goal(s) of the model
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Subject characteristics
Drug
discrimination
To determine if a
drug or product has
similar discriminative
stimulus effects (and
by implication,
pharmacologic effects)
as a drug or product with
known pharmacology.
Similar pharmacologic
effects suggest that
drugs might have
similar abuse liability.
Within-subject
(crossover) design
in which individuals
are first trained to
discriminate between
two or more drugs or
conditions (e.g., placebo,
drug A, and drug B).
Training involves the
differential reinforcement
of responses that indicate
a correct identification
of the condition. Testing
involves administration
of training conditions or
novel conditions (i.e.,
drugs or doses) and
all responding is either
reinforced or not
reinforced (i.e., there
are no correct answers
under test conditions).
The primary outcome
measure is percentage of
responses or the percentage
of choices on the option
that has been paired with
drug during training
(i.e., drug-appropriate
responding). Physiologic
measures can be used
to ensure that
pharmacologically
active doses of drug were
studied. Subjective effects
measures can be used to
examine how individuals
were able to discriminate
between drugs or
placebo.
Never users of tobacco,
former users, occasional
users, regular or
dependent users.
An N of 10-20
participants is common.
Acute
dose-effect
comparison
study
To determine if a
drug or product
results in greater
positive subjective
effects, ratings of
liking, or willingness
to pay for the drug
or take the drug again
at doses or levels of
use that produce
similar physiologic or
behavioral effects as a
positive control.
Greater positive subjective
effects (likelihood of use)
and greater impairment
(consequences of use)
suggest greater abuse
liability.
Within-subject, double-
blind administration
of placebo and several
doses of the test drug
or product and a positive
control are studied across
the time course of the
drugs. A range of
measures are collected
repeatedly throughout
the time course and
retrospective ratings
of the drug effects are
often collected as well.
The primary outcome
measures are typically
subjective reports of
liking, good effects,
and willingness to
take the drug again.
Physiologic (e.g., heart
rate, blood pressure,
pupil diameter, skin
temperature), subjective
(e.g., lightheaded,
anxious, drowsy), and
cognitive/behavioral
measures (attention,
working memory)
are also typically
included. Retrospective
measures of liking,
willingness to take
the drug again, or
point at which drug
is chosen over money
in the Multiple-Choice
Procedure are often
used as proxies for
reinforcing effects.
Regular or dependent
users of tobacco are
typically recruited.
Never, former, or
occasional users could
be included using a
prequalifying session
that confirms a positive
response to a positive
control. An N of 10-15
participants is common;
however, 20-40
participants might
be necessary for making
comparisons between
similar drugs or drug
products.
Suppression of
withdrawal
and craving
To determine if a drug
or product can prevent
or reverse the effects
of abstinence in
nicotine-dependent
individuals. Suppression
of craving or withdrawal
suggests abuse liability in
individuals who are
physically dependent.
Within-subject design
in which one or more
products, often including
participants' regular
brand of cigarettes,
are used after a period of
abstinence from smoking.
A range of measures
are taken at baseline
after a period (typically
overnight) of abstinence
and changes in those
measures are examined
after smoking one's
regular brand of
cigarettes, denicotinized
cigarettes, or a PREP.
The primary outcome
measures are typically
subjective reports of
withdrawal symptoms
(e.g., irritability,
anxiety, difficulty
concentrating) that are
assessed via visual
analogue scales or
questionnaires such as
the Minnesota Nicotine
Withdrawal Scale
or the Questionnaire
of Smoking Urges.
Smoking abstinence is
typically confirmed by
breath CO. Changes in
other physiologic
measures (e.g., heart
rate, skin temperature)
are also often
assessed as signs of
withdrawal.
Regular or dependent
users of tobacco are
typically recruited to
ensure that withdrawal
signs and symptoms
will occur on
discontinuation of
smoking. An N of
10-30 participants is
common.
(Continued on the following page)
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Table 1. Methods for abuse liability assessment (Cont'd)
Model
 Goal(s) of the model
Cancer Epide
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Drug self-
administration
To determine if the
drug or product
maintains a rate of
self-administration
behavior higher
than placebo and
comparable to a positive
control. A rate of
self-administration
greater than control
suggests abuse liability.
Within-subject design
in which nicotine, a
cigarette or puff from
a cigarette (often
including participants'
preferred brand), or a
PREP is made available
after a period of
abstinence from
smoking. Subsequent
smoking behavior or
use of a PREP is
examined over a
period of a day to
weeks in the laboratory
or over weeks to
months of outpatient use.
The primary outcome
measures in laboratory
studies typically include
the rate of responding
for nicotine or puffs of
cigarettes, the number
of puffs taken from a
cigarette(s), or the
number of cigarettes
smoked. Laboratory
studies can also include
measures of smoking
topography such as puff
duration, puff volume,
and inter-puff interval.
Progressive ratio studies
report breakpoints or
the highest ratio at
which drug was
self-administered.
Occasional, regular, or
dependent users of a
product similar to the
novel product being
studied (i.e., smokers or
oral tobacco users).
An N of 10-20
participants is common.
Behavioral
economics/
cigarette
purchase task
To determine how much
of a drug or product
is consumed at different
prices to compare
the elasticity or
sensitivity of changes
in consumption
relative to changes
in price across different
drugs or products.
Consumption that is
less sensitive to
increases in price
suggests greater abuse
liability.
Within-subject design
in which participants
who are familiar with
the drug or product are
asked to report how
much of the drug or
product they would
consume at different
prices. The examination
of novel products would
presumably require a
sampling phase as
described below in the
forced-choice
procedures.
The primary outcome
measure is the amount
of consumption across
different prices, which is
used to generate a demand
curve. Demand curves can
be used to compare the
relative reinforcing effects
of drugs or products to each
other when available alone
and in the face of other
concurrently available
reinforcers (e.g., money).
Occasional, regular, or
dependent users of
tobacco. An N of 20-50
participants is common.
Forced-choice
procedures
To determine if one drug
or product is preferred
over another. Preference
for one drug or product
over another suggests
greater abuse liability.
Within-subject design
in which participants
complete a sampling
phase in which they
self-administer each of
the drugs or products.
The sampling phase is
followed by a forced-
choice phase in which
participants choose to
receive one of the
conditions previously
sampled again.
The primary outcome
measure is typically the
participants' preference or
number or percent of
choices made for one
product over another.
Occasional, regular, or
dependent users of a
product similar to the
novel products being
studied. An N of 10-40
participants is common.
Clinical trials
 To determine escalation
in product use, misuse
of products (e.g., use
with other tobacco
products), negative
health outcomes, and
withdrawal symptoms.
Escalation of dose or
greater rates of misuse
(likelihood of use)
or adverse events
(consequences of use)
suggest greater abuse
liability.
Phase I trials are
typically dose-response
trials. Phase II and
phase III trials are longer
trials that may involve
a crossover design
(i.e., switching from
one's usual brand of
cigarettes to a PREP)
including a control group
(e.g., no smoking with or
without medicinal
nicotine, usual brand
of tobacco).
Primary outcome measures
for phase I trials include
adverse events and acute
product effects. Primary
outcome measures related
to abuse liability for phase
II and phase III trials
include amount of product
self-administration, misuse
(escalating product use,
use with other tobacco
products), and withdrawal
symptoms upon
discontinuation of use.
Phase I trials can involve
occasional, regular, or
dependent users of
tobacco. An N of 10-20
participants is common.
Phase II and phase III
trials involve regular
or dependent users of
tobacco. An N of 10-20
in each condition is
common in short-term
trials and N of 50-400
in each condition is
common in longer-term
trials, with most
medication trials
having N's of 100 to
300 per condition.
Few longer-term
trials with PREPs
exceeded 75 per
condition.
(Continued on the following page)
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another and whether novel or untrained stimuli (e.g.,
another drug) occasion responding in a similar manner
as the trained drug(s). The drug discrimination proce-
dure can be used with human and nonhuman subjects,
which gives it broad applicability and generality. Al-
though drug discrimination does not provide a direct
measure of the reinforcing effects of a drug, it is a useful
behavioral procedure to study the pharmacology of the
drugs that are being tested. Drugs that share discrimina-
tive stimulus effects are likely to have a common phar-
macologic mechanism of action and might also have
similar reinforcing effects or abuse liability (72). In hu-
man drug discrimination studies, data from subjective
effects questionnaires can supplement drug discrimina-
tion data to provide insight into what effects or features
of the drug experience are deemed important for discrim-
inating between different drugs. Human drug discrimi-
nation procedures have been used to study a number of
classes of abused drugs including nicotine (73).

Drug discrimination procedures involve a period of ini-
tial acquisition of differentially reinforced responding on
the basis of the administration of a dose of drug (i.e., drug
discrimination). For example, participants might be ex-
posed to two conditions (e.g., a dose of drug and placebo)
referred to as conditions “A” and “B” and told that they
will subsequently receive A or B and can earn money for
correct identification of the condition. Acquisition of the
discrimination proceeds with the presentation of the con-
ditions and the differential reinforcement of correct re-
sponses until an a priori criterion of accuracy is met or an
a priori amount of time or number of acquisition sessions
have occurred without meeting the accuracy criterion,
in which case the participant is considered to have not
learned the discrimination. The acquisition or training pe-
riod is followed by a period of testing of the training and
novel drug conditions. Additional training sessionsmay be
included between or after the test sessions to ensure
that stimulus control is intact (i.e., verify that the training
conditions are accurately identified under testing condi-
tions; ref. 74). Identification of the conditions may be
qualitative (i.e., an all-or-nothing choice between A or B,
Cancer Epidemiol Biomarkers Prev
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that is, is the novel drug more like A or B) or quantitative,
if the participants are allowed to allocate responses
among the conditions or provide a rating of confidence
in the choice that was made. Under test conditions, parti-
cipants are reinforced (i.e., paid) independently of their
responding because the test conditions can be neither of
the training conditions in which case there is no “correct”
answer (74).

Smokers and nonsmokers can be trained to discrimi-
nate doses of nicotine from placebo (73, 75, 76), lending
validity to the use of this model testing tobacco products.
Given that administration of nicotine before sessions can
interfere with the accurate discrimination of nicotine
within the procedure (e.g., ref. 77), smokers are typically
instructed to maintain abstinence from smoking over-
night, which can be verified by breath levels of carbon
monoxide (CO) the following day (75). Even when smo-
kers maintain overnight abstinence, they tend to be some-
what less sensitive than nonsmokers to the discriminative
stimulus and subjective effects of the same doses of nico-
tine, suggesting that they are somewhat tolerant to the
discriminative stimulus effects of nicotine (75). However,
smokers and nonsmokers have been shown to be able to
discriminate the same lowest “threshold” dose of nicotine
from placebo (76), and when smokers and nonsmokers
were trained to discriminate progressively lower doses
of nicotine, the nicotine dose-effect curve shifted leftward
in both groups of individuals (78). Together, these results
suggest that smokers and nonsmokers are able to dis-
criminate between placebo and a range of doses of nico-
tine. Although smokers (as would be expected) exhibit
tolerance to the effects of nicotine, they are able to dis-
criminate (low) doses of nicotine that are discriminable
by nonsmokers.

Intranasal drug delivery is a useful route for ALA in-
volving nicotine, and the route that has been used in
many human studies examining the effects of nicotine
on cognition, performance, and abuse potential (e.g., refs.
14, 24). This is the same route used to deliver dry pow-
dered snuff tobacco as well as one of the marketed nico-
tine replacement medicines. The advantage of dosing
Table 1. Methods for abuse liability assessment (Cont'd)
Model
 Goal(s) of the model
 Methods
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Subject characteristics
Post-marketing
surveillance
To determine the rate
and extent of use,
initiation of use (uptake)
of the product, adverse
events including health
outcomes, and misuse.
Greater rates of use or
misuse and adverse
events (consequences
of use) suggest greater
abuse liability.
Post-market studies
typically involve
targeting users of the
product of interest
and surveying or
monitoring their
use- and health-related
measures using
questionnaires and
potentially biological
samples. Surveillance
involves national
surveys and random
sampling of the
general population.
Primary outcome
measures for
post-market and
surveillance studies
relevant to abuse liability
typically include adverse
events from product use;
amount of product use;
misuse of product
(increasing amount of
product use; use of the
product with other tobacco
products; use of the product
by adolescents, former
quitters and those who
were interested in quitting);
dependence on the
product including
difficulty quitting use of
the product; and
consumer perception.
Never users, occasional,
regular, or dependent
users of tobacco.
An N in the 100s to
1,000s is common.
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with an intranasal spray is that it allows for accurate dos-
ing on a per body weight basis and produces subjective
and physiologic effects with a similar pharmacokinetic
profile as tobacco smoke. The novelty of the route (to
smokers) avoids conditioned reinforcing effects of non-
drug stimuli associated with smoking, and allows for
the administration of nicotine to nonsmokers that are un-
able or unwilling to inhale tobacco smoke for the purpose
of a research study (75, 79). Smokers and nonsmokers can
reliably discriminate doses of intranasal nicotine from 2 to
20 μg/kg (75, 76, 80).

For the purpose of ALA, drug discrimination is a very
useful procedure for studying the pharmacologic me-
chanisms of drug action. Nicotine binds to nicotinic ace-
tylcholine (nACh) receptors, which are thought to be
primarily responsible for the discriminative stimulus
and reinforcing effects of nicotine (81, 82). Studies have
shown that mecamylamine, a noncompetitive antago-
nist at central and peripheral nACh receptors, attenu-
ates the discriminative stimulus effects and subjective
effects of nicotine in humans (78, 83). In contrast, the pe-
ripheral nACh receptor antagonist trimethaphan did not
attenuate the discriminative stimulus effects of nicotine
in a different human drug discrimination study, suggest-
ing that the discriminative stimulus effects of nicotine in
humans are mediated by central nACh receptors (78).

With regard to the testing of MRTP/PREPs or other to-
bacco products, drug discrimination testing can be used to
identify the threshold dose for the detection of nicotine and
to study factors that might moderate this threshold (e.g.,
age, sex, degree of dependence). This type of study may
be important when examining products that are aimed
at reducing the prevalence of tobacco use (e.g., reduced
nicotine cigarettes). In addition, drug discrimination can
be used to examine products that produce nicotine-like
discriminative stimulus or pharmacologic effects (e.g., nic-
otine analogues) and therefore might substitute for nico-
tine, the public health effects of which would depend on
the consequences of use associated with the product (i.e.,
cigarettes and medicinal nicotine produce nicotine-like
discriminative stimulus effects, but have different conse-
quences of use and therefore different effects on public
health). This method of testing can also be used to deter-
mine whether constituents of tobacco produce discrimina-
tive stimulus effects similar to those of nicotine (which
would suggest a commonmechanism of action). Such test-
ing might be useful to better understand the effects not
only of the many individual constituents of tobacco but
also of tobacco smoke as well as the interactions among
constituents. For example, if a constituent suspected to
contribute to abuse liability is found to be discriminable
over a wide range of plausible doses, and alters the dose
response function for nicotine by increasing the apparent
potency of nicotine (e.g., shifting the dose response func-
tion to the left) or by increasing the functional strength of
nicotine (e.g., increasing the magnitude of nicotine's ef-
fects), then this would suggest an effect of increasing abuse
liability. Such data would also be useful in the next stage of
ALA, which might include studies of reinforcing effects in
nonhuman and/or human studies and assessment of the
nature of the subjective responses of humans.

Acute Dose-Effect Comparison Studies. The most
widely used procedure for assessing the relative abuse li-
Cancer Epidemiol Biomarkers Prev
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ability of drugs across drug classes is the acute dose-effect
comparison study. Most of the acute dose-effect studies
that have examined the abuse liability of different classes
of drugs have used a similar experimental design, which
includes within-subject, double-blind, placebo-controlled
administration of several doses of drugs, including large
or supratherapeutic doses, to recreational drug users (58).
In these studies, drug concentrations (pharmacokinetics)
and the physiologic, psychomotor, subjective, and cogni-
tive (e.g., memory, attention) effects of a range of doses
are characterized over the complete time course of the
drug (12). Retrospective end-of-day or next-day question-
naires are also often used to provide an assessment of the
entire (previously experienced) drug effect under condi-
tions in which the drug has not been administered.

A sample size of 10 to 15 participants has typically pro-
vided enough statistical power for comparisons between
placebo and novel drug conditions in previous abuse lia-
bility studies (24, 84, 85); however, sample sizes of 20 to
40 participants might be necessary for making additional
comparisons between different dose conditions and spe-
cifically for the evaluation of MRTP/PREPs, which are
likely to differ from positive and negative controls (and
each other) in more subtle ways than existing tobacco
products (59, 86). The participant population selected
for an abuse liability evaluation must be one in which
the positive control comparison drug (drug with high
abuse liability) or product (e.g., cigarettes) will test
unequivocally positive. DSM-IV criteria for abuse or de-
pendence (i.e., addiction) are often used to identify appro-
priate volunteers; however, unlike the users of illicit
drugs, users of nicotine/tobacco products might be less
likely to satisfy some of the DSM-IV criteria for substance
abuse (e.g., to have substance-related legal problems, fail
to fulfill a major role obligation; ref. 87). Therefore, criteria
for inclusion of smokers in abuse liability studies of nico-
tine or tobacco products have typically included a mini-
mum number of self-reported cigarettes smoked per day
(24), a minimum breath CO level (85), a minimum score
on the Fagerstrom Test of Nicotine Dependence (86), or a
combination thereof.

Participants that currently use nicotine or tobacco pro-
vide the most appropriate and face valid population for
the ALA of MRTP/PREPs because current users represent
the population at greatest risk for becoming dependent
on the novel products and because current users are less
likely generate false-positive (significant response to the
placebo condition) and false-negative (lack of response
to the positive control condition) results (88, 89). In partic-
ular, participants who smoke can use their prior smoking
experience as a context from which to provide meaningful
ratings of the use of MRTP/PREPs such as low nicotine
yield cigarettes or nicotine vaporization devices in the
laboratory (24, 84). Similarly, participants who primarily
use smokeless tobacco might be the most appropriate
population to evaluate MRTP/PREPs consisting of dis-
solvable compressed tobacco powder, which is intended
to be used in a similar manner as “dip” or other oral
smokeless tobacco formulations (26, 90). However, ciga-
rette smokers would also represent a population of inter-
est for such studies given that they have extensive
experience with nicotine self-administration and they will
likely be the intended population for such products.
2009;18(12). December 2009

 ciation for Cancer Research
 on July 31, 2012rnals.org



CEBP Focus: Tobacco Research 3249

DOI:10.1158/1055-9965.EPI-09-0948
In an additional effort to reduce the likelihood of false-
negative and false-positive reports in abuse liability trials,
screening or qualifying procedures that identify volun-
teers who differentially recognize and report the effects
of a positive control and placebo condition have been
used to further “enrich” the population of volunteers
who are allowed to participate in the study (86). Although
adult smokers are the most commonly used and most ap-
propriate population for abuse liability testing of nicotine
and tobacco products, there is also rationale for the
assessment of abuse liability in populations that are not
typically recruited for abuse liability studies such as ado-
lescent smokers (85) or nonsmokers (86) to control for
factors such as tolerance or nicotine withdrawal. The ra-
tionale for excluding nonsmokers on the basis of their lack
of smoking experience has been considered weak for trials
in which the test conditions do not include products that
must be smoked (86). However, careful consideration
must be given to introducing nicotine-containing pro-
ducts to naïve subjects unless the product being tested
is considered a priori to have low abuse liability (e.g., nic-
otine gum).

Human abuse liability studies typically involve the as-
sessment of several doses of the novel compound or prod-
uct compared to placebo and several doses of a positive
control compound. However, for the evaluation of
MRTP/PREPs, very few studies have examined multiple
doses and have typically examined different dosing regi-
mens (e.g., specific number of puffs on a cigarette) across
study products (67). In most cases, abuse liability evalua-
tions in recreational drug users, or in the case of MRTP/
PREPs, regular smokers, have been conducted in con-
trolled laboratory settings, which permit rigorous con-
trolled assessment of outcome measures in the context
of appropriate medical support while minimizing the
risks and confounds of the use of other drugs (67, 91).
However, studies in cigarette smokers are also conducted
on an outpatient or ambulatory basis, with participants
reporting to a clinical pharmacology laboratory and pro-
viding a biological specimen (e.g., breath, saliva, urine)
for evaluation of CO, cotinine, or nicotine to confirm past
use or abstinence from nicotine or tobacco (24, 26, 86).
(See ref. 67 for more detailed information of studies con-
ducted with PREPs.)

Standard clinical pharmacology methods require that
the participant and the staff who interact with the partic-
ipant remain blind to the specific drug conditions admin-
istered on a given session (i.e., double-blind procedures).
In addition, a placebo condition is included to control for
effects of expectancy or accidental bias. MRTP/PREPs ex-
ist and are delivered in a variety of different formulations
including lozenge, pouch, sticks, strips, vapor, or smoke,
and as such, placebo conditions might vary widely to
mimic the nondrug stimuli of the active product under
study (e.g., the use of Lifesavers candy as a control loz-
enge; ref. 85). Given the variety of formulations, constitu-
ents, and additives associated with MRTP/PREPs that
might alter the availability or delivery of nicotine from
different products, it will also be very important to con-
trol for (i.e., match) the different amounts of nicotine that
are delivered from different products. Ideally, three or
four “doses” of each drug or product (e.g., in the case
of a MRTP/PREP, varying number of puffs on a cigarette,
duration of product use, or number of products used) are
Cancer Epidemiol Biomarkers Prev
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studied. Studying a range of doses of both the novel and
the comparator drug(s) allows for the comparison of the
slopes of the dose-effect functions across different mea-
sures, which might be important for drawing conclusions
regarding abuse liability (92). It is also essential to the va-
lidity of an abuse liability trial that a sufficiently high
dose of the novel drug or product is tested. With any
new drug or product, it must be assumed that some users
will not be guided by the recommended instructions or
package insert in their selection of doses, frequency, or
duration of use (93). Thus, in determining the maximum
dose or frequency of the novel drug or product to be
tested, the manufacturer's intended use of the product is
only marginally relevant (58, 86) and, in the case of most
tobacco products, irrelevant.

The drug or product used as a positive control should
have measurable abuse liability previously established
through experimental studies and epidemiologic data.
For the evaluation of nicotine/tobacco products, cigarettes
from a smoker's preferred brand represent a face valid
positive control (24). Doses of amphetamine have also
been used as positive controls and have been shown to
produce dose-related statistically significant increases on
primary measures of abuse liability in smokers and non-
smokers (85, 86). For example, doses of amphetamine
could be particularly useful positive controls for the eval-
uation of smokeless tobacco products in nonsmokers.
Studies designed to examine the abuse liability of smoke-
less MRTP/PREPs will require smokeless positive controls
for comparison. The choice of a positive control can also be
particularly important in studies that compare products in
which the abuse liability of each product is hypothesized
to be minimal (e.g., a study comparing PREPs to each oth-
er; ref. 94). A failure to show that a drug or product that is
abused produces significant increases on the primarymea-
sures of abuse invalidates the study or study methods.

Physiologic measures are often included in abuse liabil-
ity studies because these measures are objective (e.g., car-
diovascular effects, drug or drug metabolite levels in
biological samples; refs. 26, 57) and might provide infor-
mation on the safety of the drug (e.g., changes in blood
pressure; ref. 84). Importantly, physiologic measures can
also be used to determine whether pharmacologically
equivalent doses of the test drug/product and the posi-
tive control(s) were studied. For example, different types
of MRTP/PREPs and different products can deliver differ-
ent amounts of nicotine (57). When making comparisons
regarding ratings of positive drug effects or reversal of
negative effects (i.e., craving or withdrawal), it is impor-
tant to control for the different amounts of nicotine that
are delivered. Products that deliver greater amounts of
nicotine might be preferred by nicotine-dependent indi-
viduals on the basis of this property alone (i.e., dose),
and products that deliver lesser amounts of nicotine
might be used more frequently or more intensively to
obtain greater nicotine self-administration (94). Thus, at-
tention should be paid to standardizing and equating
the use of different products in experimental studies to
obtain similar levels of nicotine or equivalent effects on
another physiologic measure (95). This can be done with
PREPs, for example, by delivering a different number of
“single-use doses” of the PREP (e.g., one, two, or three
Ariva tablets) to examine the dose-response curve and
how this curve compares with other PREP products or
2009;18(12). December 2009
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conventional tobacco products. Similarly, behavioral and
cognitive measures (e.g., reaction time, attention, memo-
ry) might be included to provide objective assessments
of impairment (due to direct drug effects or effects of
nicotine withdrawal), reversal of impairment, or en-
hancement of function across these measures (96).

Although subjective measures are not a substitute for
behavioral measures of reinforcing effects, they are wide-
ly used in ALA (e.g., refs. 84, 85). Subjective ratings of
drug liking (i.e., asking participants how much they like
the drug) have face validity, have been used in most stud-
ies of abuse liability, and tend to be one of the most sen-
sitive and reliable measures of likelihood of abuse (58, 59,
97). Other participant ratings that generally covary with
liking include ratings of good effects, bad effects, degree
to which you would like to take the drug again, estima-
tions of the street value of the drug, and estimations of the
amount of money the participant would personally be
willing to pay for the drug (e.g., ref. 98). In addition to
assessing these measures repeatedly over the time course
of drug action, the measures are often also assessed retro-
spectively after the drug effects have dissipated (e.g., in
the form of a Next Day Questionnaire, given 24 hours
after drug administration). Retrospective ratings have
the advantage of assessing the overall drug experience,
or at least the remembered portion of that experience,
under drug-free conditions and are thought to provide
valuable indices of the likelihood that an individual,
when drug-free, would seek out an opportunity to read-
minister the compound.

Of particular importance to the ALA of tobacco pro-
ducts that are smoked or inhaled, sensory stimuli associ-
ated with smoking seem to be important for at least some
of the positive subjective effects reported after use of
those products. Thus, many studies include subjective rat-
ings of measures such as “satisfaction” or “pleasantness”
(99). For example, ratings of satisfaction or liking after
smoking a “denicotinized” cigarette were comparable to
those after smoking a nicotine-containing cigarette in
smokers who had been abstinent overnight (100, 101). Lo-
cal anesthesia of the mouth and respiratory tract have
been shown to decrease the subjective ratings of satisfac-
tion after smoking a cigarette (102), and a number of stud-
ies have shown that smoking a denicotinized cigarette can
reduce subjective ratings of craving (97, 100, 103). The sen-
sory effects of smoking are likely mediated by nicotinic
and non-nicotinic mechanisms (101). The peripheral nico-
tinic antagonist trimethaphan has been shown to attenuate
the sensory effects of smoking, and the subjective ratings
of the strength and desirability of smoke from smokers
preferred brands of cigarettes (101, 104).

To summarize, acute dose-effect comparison studies
can be used to compare the effects of MRTP/PREPs to
the effects of smokers' usual brand of tobacco product
and to denicotinized cigarettes or sham smoking (i.e., pla-
cebo), and possibly, although less frequently, to other pos-
itive controls (e.g., amphetamine). In these studies, a
range of doses of the MRTP/PREPs (which may take
the form of puffs, cigarettes, amount of dip, time in
mouth) and of the positive control should be examined
so that dose-response curves can be compared. Measures
such as the concentration of drug in a biological sample or
a physiologic or subjective response to the product can be
used to equate nicotine dose exposure across different
Cancer Epidemiol Biomarkers Prev
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products, providing valuable information about the phar-
macologic profile of effects of different products (e.g.,
dose of nicotine delivered per unit such as puff, cigarette,
pouch, stick, or tablet) with important implications for
abuse liability (e.g., greater likelihood of abuse of pro-
ducts that provide higher doses and/or more rapid ad-
ministration of drug).

Negative Reinforcement and Suppression of With-
drawal and Craving. Physical dependence is manifested
by time-limited biochemical, physiologic, or behavioral
changes (i.e., a withdrawal syndrome) that occur upon
termination of chronic drug administration. Physical
dependence is distinct from the absence of a drug effect
(i.e., a return to baseline) and occurs as a result of an or-
ganism's acclimation to chronic drug administration.
Meta-analyses have shown that irritability, anger, anxi-
ety, depression, difficulty concentrating, impatience, insom-
nia, and restlessness are reliable withdrawal symptoms that
are reported in the days to weeks following cessation of
smoking or use of a nicotine-containing product (105, 106).
Some studies suggest that other signs and symptoms that
have been studied during nicotine discontinuation, such
as dry mouth, headache, increased heart rate, rash, sweat-
ing, and tremor, are less reliable measures of nicotine with-
drawal (107-110). Other measures such as decreased heart
rate and weight gain have been proposed as being some-
what unique to withdrawal from nicotine/tobacco com-
pared to other drugs (111). The Minnesota Nicotine
Withdrawal Scale (107) and the Shiffman-JarvikWithdrawal
Scale (112) are two of themost widely used self-report ques-
tionnaires for the assessment of nicotine withdrawal signs
and symptoms. The Fagerstrom Test for Nicotine Depen-
dence is also commonly used as ameasure of themagnitude
of physical dependence to nicotine (113).

Use of a MRTP/PREP could be initiated and main-
tained through a mechanism of negative reinforcement
whereby its use prevents or suppresses signs and symp-
toms of nicotine withdrawal. Negative reinforcement de-
scribes a process by which the avoidance or escape from a
stimulus increases the probability that a behavior will
occur. In this regard, craving and withdrawal are thought
to contribute to the negative reinforcing effects of tobacco
products. That is to say that at least some addictive smok-
ing behavior is maintained by the avoidance of withdraw-
al symptoms. Nicotine replacement (and taper) therapies
are founded on this principle. Therefore, the ability to re-
lieve craving or withdrawal (like cigarettes do) not only
might suggest that a product has liability for abuse but
also suggest that the product might allow an individual
to switch from a conventional tobacco product to a PREP,
which could be in the interest of public health if the con-
sequences of use of the product that was switched to are
low (e.g., like for medicinal nicotine). Indeed, several
MRTP/PREPs such as Accord (a smoking system in
which tobacco is heated by an electronic igniter only
when puffed), Advance (cigarettes made with tobacco
that is cured in a way to reduce nitrosamine content),
and Ariva (compressed oral tobacco tablets) have been
evaluated for their ability to suppress withdrawal signs
and symptoms in cigarette smokers following overnight
abstinence (95, 114, 115). In withdrawal suppression stud-
ies, 10 to 30 smokers are typically enrolled and required
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 ciation for Cancer Research
 on July 31, 2012rnals.org



CEBP Focus: Tobacco Research 3251

DOI:10.1158/1055-9965.EPI-09-0948
to maintain abstinent from smoking overnight, which is
verified by levels of breath CO and/or urinary cotinine.
On days following overnight abstinence, products or
doses are examined for their ability to alleviate signs
(e.g., changes in heart rate, skin temperature, and psy-
chomotor performance) and symptoms (e.g., changes
in subjective effect ratings of irritability or urge to
smoke) of withdrawal. Administration of the drug or
product might be limited by the device (e.g., eight
puff/cigarette limit with Accord) or by the investigator
(e.g., a fixed number of Ariva tablets or puffs from a cig-
arette; refs. 94, 95, 114, 116). Alternatively, suppression of
withdrawalmay be examined after smoking a cigarette in
the laboratory without puff restrictions (115) or after ad
lib smoking of cigarettes on an outpatient basis (117). Al-
lowing individuals to smoke freely in the laboratory set-
ting allows for the evaluation of smoking topography
including measures of puff volume, puff duration, puff
number, and inter-puff interval (115).

Craving is a construct that has typically been described
as a subjective desire or urge to use a drug (118, 119) that
can be a result of wanting to seek the positive reinforcing
effects of a drug or to relieve negative effects such as with-
drawal symptoms or stress. The assessment of craving is
thought to be important for the evaluation of nicotine/
tobacco products because decreases in craving have been
reported to be associated with reduced drug use or main-
tenance of abstinence (120) and increases in craving have
been reported to precede relapse to smoking (121-124).
Craving has been measured using single- and multiple-
question 100-mm visual analogue scales or Likert scales
(119, 125). The Tobacco Craving Questionnaire and, more
recently, a short form of the Tobacco Craving Question-
naire have been developed to specifically assess craving
during abstinence (126). The most widely used scale is
the Smoking Urges Questionnaire (118).

In summary, examination of nicotine concentration and
behavioral, cognitive, and subjective drug effects, includ-
ing craving and withdrawal symptoms from cessation of
usual brand tobacco products, will help determine the po-
tential for the continued use of a MRTP/PREP or the ease
of switching from usual brand tobacco products to a
MRTP/PREP. Assessing withdrawal symptoms from a
MRTP/PREP is also critical in evaluating its abuse liabil-
ity, but would likely require prolonged use of a MRTP/
PREP and would involve clinical trial-like methods (see
below) or the examination of a population of smokers
who are already using the product (99).

Drug Self-Administration. Subjective reports of drug
liking or satisfaction are useful proxy measures of reinfor-
cing effects (and therefore of abuse liability) and generally
correlate well with the actual abuse of a drug. Neverthe-
less, the reinforcing effects of a drug, device, or medica-
tion are determined by whether drug-taking behavior is
sustained at a rate greater than placebo using a drug
self-administration procedure. Drug self-administration
is a key test of the abuse liability of a drug, device, or
medication (69, 70). As with the acute dose-effect compar-
ison abuse liability studies, human self-administration
studies involve participants with histories of drug abuse
and typically include participants that are drug depen-
dent (71). For laboratory-based studies of drug self-
administration, it is important that the positive control
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drug of abuse (e.g., usual brand cigarettes or smokeless
tobacco products) tests unequivocally positive. Thus, cur-
rent smokers are the most appropriate population for
evaluation of the abuse liability of novel nicotine- or
tobacco-containing products.

Smokers have been shown to self-administer i.v. doses
of nicotine at rates greater than those of saline (103, 127-
130). These studies, which have identified nicotine as the
primary reinforcer in tobacco, have typically included
8 to 16 smokers. Some studies have been conducted on
an outpatient basis and have required overnight absti-
nence from smoking (103); others have been conducted
in an inpatient/residential setting and smoking was not
allowed only 1 hour before and during the 3-hour exper-
imental session (128). In each case, participants were al-
lowed to make operant responses (e.g., working on a
task) to receive i.v. doses of nicotine through an indwell-
ing catheter. Self-administration of i.v. nicotine has been
shown to be sensitive to manipulations of dose, response
requirement (i.e., number of responses required to obtain
a dose of the drug or unit price), and pharmacologic an-
tagonism (103, 128).

Whereas predicting self-administration of drugs in
the natural environment is the ultimate goal of abuse
liability testing, it is nonetheless very useful to study
self-administration in a laboratory setting. Although this
introduces some artificiality, it allows for control of intake
parameters such as the number, volume, and spacing of
puffs and the depth of inhalation (e.g., refs. 68, 131). This
amount of experimental control can be particularly impor-
tant for the study of cigarettes or other smoked products,
where smoking behaviors can significantly influence the
rate and magnitude of nicotine exposure from a cigarette
or other nicotine delivery device (94).

Some studies have controlled smoking behavior by in-
structing participants to take a fixed number of puffs, a
fixed puff volume, and/or fixed inter-puff intervals
(131, 132). This is useful when asking questions about
the relative potential of products to deliver a constituent
such as nicotine when equal amounts of smoke are in-
haled. Studies of the purportedly low toxicant yield cigar-
ettes Advance, for example, have shown that amounts of
nicotine that are equal to or greater than those delivered
by smokers' preferred brands are ingested after inhaling a
fixed number of puffs (94, 115). Control of smoke intake
behaviors will standardize smoke intake across partici-
pants, but precludes the examination of possible changes
in smoking behavior (i.e., compensatory smoking) that
have been reported with low-nicotine–containing cigar-
ettes (133-135). One solution is to use a combination of ap-
proaches, such as limiting the number of puffs and
opportunities for smoking (e.g., a fixed 8-puff bout every
30 minutes) but measuring rather than limiting the vol-
ume and duration of puffs taken (116).

Other studies have examined compensatory smoking
behavior by allowing all smoking topography parameters
to vary. For example, in a study that compared two differ-
ent types of MRTP/PREPs (Advance and Eclipse) to smo-
kers' preferred brands, Advance cigarettes delivered the
same amount of nicotine as the smokers' preferred brand,
but resulted in less CO exposure. In contrast, the Eclipse
product under uncontrolled puffing conditions delivered
less nicotine than the smokers' preferred brand, but re-
sulted in increased CO exposure, possibly as a result of
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greater puff volume, puff duration, and puff frequency
(136). In a similar study that compared Eclipse to anoth-
er low nicotine yield brand, Accord, the Accord system
resulted in less nicotine delivery than Eclipse even
though puff volume and puff duration were greater
for Accord than for Eclipse. These results suggest that
there may be a trade-off with new products between
work requirement (i.e., amount of puffing needed to ex-
tract constituents) and nicotine delivery that could af-
fect their abuse liability. Specifically, products that
require less effort to obtain a similar dose of nicotine
might be preferred.

Some studies using MRTP/PREPs involve self-
administration procedures without a work require-
ment and involve ad lib smoking during a specified period
of time. For example, studies have compared cigarettes with
widely divergent nicotine yields (i.e., nicotine-delivering
versus denicotinized cigarettes). Typically, 10 to 18 parti-
cipants are instructed to not smoke for several hours (e.g.,
overnight) before experimental sessions and are then pro-
vided access to each of the different yield cigarettes for a
stated period of time (e.g., 3 hours). Dependent measures
include the number of cigarettes consumed, the amount
of tobacco burned, and latency to the first smoking (91,
132). Studies such as these have shown that smokers will
continue to use cigarettes that deliver inconsequential
amounts of nicotine over a relatively prolonged period
of time, showing that the conditioned reinforcing effects
of smoking (without substantial nicotine delivery) can
maintain this behavior (91). Studies that have allowed
ad lib smoking have also shown nicotine satiation when
high doses of nicotine are delivered rapidly (puffing every
6 seconds) prior to a self-administration opportunity. Un-
der the conditions described above, subsequent cigarette
smoking was decreased after participants rapidly smoked
nicotine-containing cigarettes compared with having rap-
idly smoked denicotinized cigarettes (132).

The self-administration study by Donny et al. (91) has
shed further light on the reinforcing effects of denicoti-
nized cigarettes that deliver very low amounts of nicotine.
In that study, participants smoked either nicotine-contain-
ing (Quest 0.6 mg) or denicotinized (Quest 0.05 mg) cigar-
ettes for 11 days while living on a residential research
unit. The denicotinized cigarettes were rated as less enjoy-
able than the higher-yield cigarettes, and their consump-
tion decreased over the course of the study whereas the
consumption of the higher-yield cigarettes increased over
time. These self-administration data suggest that denico-
tinized cigarettes have lower reinforcing effects and,
therefore, lower abuse liability compared with (higher)
nicotine-containing cigarettes in regular smokers during
a relatively lengthy self-administration protocol. Interest-
ingly, smokers continued to smoke the denicotinized ci-
garettes (albeit at a lower rate) throughout the 11-day
study, highlighting the relatively strong conditioned rein-
forcing effects of smoking and the relatively lengthy
amount of time that might be required to extinguish these
effects.

A possible limitation of laboratory-based studies is the
relatively short duration over which smoking behavior is
examined. Exposure duration might be particularly im-
portant for the abuse potential assessment of MRTP/
PREPs if there is reason to suspect that compensatory
Cancer Epidemiol Biomarkers Prev
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smoking might lead to escalation of use over time (e.g.,
ref. 135). One solution is to use experimental designs that
combine the assessment of outpatient ad lib use and in-
laboratory smoking/product use topography, physiologic
measures, and subjective effects (135, 136). These designs
can allow participants to gain “real-world” experience with
the product before smoking behavior and self-reported
effects are assessed in the laboratory. Further, this in-
laboratory and outpatient mixed design might be an es-
pecially goodway to assess the validity of some laboratory
procedures. Given the concerns related to compensatory
smoking or the compensatory use of MRTP/PREPs, stud-
ies that allow participants to use the products repeatedly
and over prolonged periods of time are likely to be impor-
tant for the assessment of abuse potential.

Progressive-Ratio Procedures. Self-administration studies
that use fixed-ratio schedules require the same number of
responses to be made (e.g., 10 key presses) for the deliv-
ery of each reinforcer (e.g., a single puff from a cigarette).
In contrast, progressive-ratio (PR) schedules require that
each time a reinforcer (e.g., a puff) is earned, a greater
number of responses is required to earn the next reinforc-
er, thus requiring progressively greater effort for the same
amount of drug. In human drug self-administration stud-
ies, PR schedule response requirements typically start
around 50 or 100 responses (e.g., key presses) and can es-
calate to thousands of responses required for single ad-
ministration. Generally, participants are allowed to
continue to make responses within the confines of a sev-
eral-hour session until they decide to stop. The primary
dependent measure is the breakpoint or the highest ratio
at which a reinforcer was earned, although other mea-
sures such as the number of responses made, the number
of ratios completed, or the number of doses earned might
also be reported. PR schedules have been most frequently
used in the human laboratory to compare the relative re-
inforcing effects of stimulant and opioid drugs (69, 137,
138). However, self-administration using PR schedules
have also been used to study smoking behavior. In the
study by Donny et al. (91), breakpoints on the PR sched-
ule were the only measures that showed a pattern of
change over time that suggested a gradual and continu-
ing loss of reinforcing effects of the denicotinized cigar-
e t tes over t ime. Thus , PR schedules might be
particularly sensitive or useful for comparing the relative
reinforcing effects of nicotine-containing products.

Behavioral Economic Procedures. Self-administration
studies using fixed-ratio schedules can vary the amount
of effort (i.e., the ratio or number of responses) required
for delivery of drug and the amount of drug or product
delivered (e.g., number of puffs) at each administration.
The behavioral economic approach to self-administration
involves systematically varying these experimental para-
meters to examine the amount of drug that is self-administered
across a range of unit prices (effort or cost per amount of
drug available; refs. 139, 140). As described above, self-
administration studies using PR schedules are designed
to determine the ratio or “price” at which a reinforcer is
no longer self-administered. However, an important dif-
ference between data obtained from PR schedules and
data obtained from behavioral economic studies is that
the self-administration data from the PR schedule are
qualitative in nature (i.e., they are binary, the drug is
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self-administered at a given ratio or it is not), whereas data
obtained from behavioral economic studies are quantitative
in that the amount of consumption or self-administration
is captured at each unit price. This is an important differ-
ence because the behavioral economic approach provides
additional information with regard to the sensitivity of
self-administration or consumption relative to price; a
concept known in economic terms as the elasticity of de-
mand for that product (141).

The analysis of characteristics of the demand curve,
such as elasticity, can be used to directly compare the re-
inforcing effects of drugs from different classes (e.g., al-
fentanil, nalbuphine, cocaine, and methohexital; ref. 142)
and could also be used to directly compare the reinforcing
effects of different types of MRTP/PREPs to one another.
However, the examination of self-administration behavior
across a range of unit prices typically requires a large
number of experimental conditions that could be prohib-
itively expensive or unrealistic to conduct for the purpose
of an abuse liability trial. As a result, procedures to assess
the hypothetical purchase or consumption of drugs have
been developed to efficiently examine the simulated con-
sumption of drugs. These procedures, often referred to as
drug purchase tasks, have been used to assess the hypo-
thetical purchase or consumption of heroin (143), cigar-
ettes (144), and alcohol (145, 146), and results from these
studies have been shown to resemble actual drug use
(143) and accurately predict the future consumption of
that drug (147). In a cigarette purchase task, for example,
participants would be asked “How many cigarettes
would you smoke if they were _____ each?” Prices would
span a range of values (e.g., $0.01-$1,120) from which a
demand curve could be constructed. For the evaluation
of MRTP/PREPs, participants would presumably have
to sample the new product and could then be asked
how many doses or products they would consume at dif-
ferent prices.

Behavioral economic procedures and analyses can be
used to determine differences in the demand curves of
different MRTP/PREPs. The further development of
drug purchase tasks that are specifically designed to
compare the demand elasticity for different MRTP/
PREPs in nicotine dependent individuals could yield in-
formation that is useful for predicting the relative abuse
liability, preference, and demand for different products
at different (or similar) retail prices (141). Demand is an
important measure to consider alongside traditional
abuse liability measures of estimated value or worth
on the market because two different MRTP/PREPs that
have the same estimated market value might be con-
sumed in different quantities, thereby reflecting a dif-
ference in demand and abuse potential for the two
MRTP/PREPs.

In summary, the extent to which a product is self-
administered either in a laboratory or natural setting
comprises an important aspect of the likelihood of abuse
and ALA. Self-administration can be characterized by the
number of times a dose is administered, the amount of
drug or product that is administered (e.g., cumulative
puff volume), or how hard an individual is willing to
work for the dose or product (i.e., breakpoint on a PR
schedule). In each case, the drug or product being exam-
ined is determined to have reinforcing effects if self-
administration occurs at rates greater than a placebo
Cancer Epidemiol Biomarkers Prev
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control (product not containing nicotine). Thus, the inclu-
sion of a placebo control is necessary for showing reinfor-
cing effects. The inclusion of other positive and negative
controls such as different types of cigarettes, medicinal
nicotine products, and other combustible or noncombus-
tible MRTP/PREPs can aid in the interpretation of a novel
product's relative abuse liability (12). As described above,
cigarettes (or tobacco products) of a user's preferred brand
represent a face valid positive control; however, additional
experimental conditions might be required to mimic and
control for characteristics of the formulation (e.g., dissolv-
able compressed tobacco) under evaluation.

Choice Procedures. The increasing development of
new MRTP/PREPs of varied formulations will necessitate
that the abuse liability methodology be able to adequate-
ly compare new products to existing products across
different drug delivery platforms (11). In fact, the identi-
fication of procedures that can validly and reliably com-
pare different drugs and drug formulations is critically
important for the evaluation of products and claims that
a particular drug product has lower abuse liability com-
pared to another product. Choice procedures can be used
to examine participants' preferences for different drugs,
doses, or products and can be determined independently
of a drug's or product's reinforcing effects. For example,
formulations of medicinal nicotine or MRTP/PREPs
might have relatively weak reinforcing effects (i.e., that
they are not self-administered at rates or up to break-
points much greater than a placebo control); however,
they might still be more or less preferred compared to
placebo or traditional cigarettes under different condi-
tions (148), which would suggest that real-world use of
the medicinal product or MRTP/PREP could affect the
consumption of nicotine-containing cigarettes or of other
MRTP/PREPs.

Choice procedures might be especially well suited to
examine preferences for different products, including
comparing the relative abuse liability of nicotine across
different drug delivery platforms (e.g., cigarette, nasal
spray, and gum; refs. 139, 148, 149). Most choice proce-
dures use behavioral methods in which participants are
asked to choose between two options. They may be
choosing, for example, between different doses of nicotine
to self-administer (129) or between different types of to-
bacco products or MRTP/PREPs (150, 151). Such studies
allow for conclusions to be drawn regarding the relative
abuse liability of the drugs or products. Across these
choice procedure studies, typically 6 to 40 smokers com-
plete a “sampling phase,” which may include a single ad-
ministration of a dose (e.g., ref. 129) or the regular use of a
product for a week or more (e.g., refs. 150, 151). Following
the sampling phase, participants are asked to choose be-
tween the sampled conditions or products, which could
also include a placebo condition (e.g., ref. 129) or the smo-
kers' preferred brand of cigarettes (e.g., refs. 151). The
preference, number, or percent of choices for a product
is most frequently reported as the primary dependent
variable.

Although choice procedures have not been used as fre-
quently as other procedures for the comparative assess-
ment of nicotine-containing products, their use is
recommended in future studies of MRTP/PREPs due to
the ability to provide information about discrete product
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comparisons. Such information may be used to place new
products and formulations along a continuum of pro-
ducts from those that have been shown to have very little
abuse liability (e.g., medicinal nicotine) to those that are
known to have very high abuse liability (e.g., cigarettes).
It is also important to note that different products might
lie at different places across such a continuum of abuse
liability for different populations such as current smokers,
ex-smokers, oral tobacco users, never smokers, adoles-
cents, etc.

The Multiple-Choice Procedure is a questionnaire that
is commonly used in acute dose-effect comparison studies
and is composed of a series of questions that ask whether
participants would prefer a dose of drug (that they have
experienced in the laboratory) or an amount of money
(152, 153). Typically, after making a series of discrete
choices between drug and money, one of the choices
made is randomly picked and the participant is actually
given the chosen alternative (drug or money) at the end of
the session. Thus, whereas this procedure presents choices
between drug and money as opposed to choices between
different drugs, the monetary value at which money is
preferred over drug (i.e., the crossover point) is taken as
the participant's valuation of the dose of drug and can be
compared across drugs and doses. Moreover, because
participants are reminded that one of the choices will be
delivered at the end of the session, choices made in the
Multiple-Choice Procedure are not strictly hypothetical,
while still allowing for relative ease and low cost of ad-
ministration of the procedure. The Multiple-Choice Proce-
dure has been used to study the abuse liability of doses of
i.v. nicotine (154) and crossover points for i.v. nicotine
have been shown to be sensitive to manipulations such
as pretreatment with transdermal nicotine (155). A varia-
tion of the procedure also allows for the assessment of the
punishing (i.e., aversive) effects of a drug (i.e., how much
money a participant is willing to forfeit so as not to re-
ceive the drug again; ref. 156).

In summary, drug choice procedures are used to deter-
mine the monetary value of doses and drugs and to assess
preferences for doses, drugs, and products relative to one
another. Each of these measures can be used to draw in-
ferences regarding the relative abuse liability of different
drugs or products. Behavioral economic approaches that
examine how demand curves and preferences are affected
by the concurrent availability of other products at fixed or
variable costs might offer additional real-world validity
for assessing how the consumption of one product might
change when another is made available (139, 149, 157).
For example, the demand curves of two different pro-
ducts (e.g., usual brand cigarettes versus MRTP/PREP,
MRTP/PREP versus medicinal nicotine product) can be
compared when the products are offered concurrently
(148). Thus, these procedures should prove especially use-
ful for future assessments of new cigarettes and nicotine
delivery products.

Brain Activity and Brain Imaging. Studies of brain ac-
tivity and brain imaging can provide useful information
about what areas of the brain are activated and which re-
ceptors or neurotransmitter systems are involved in the
use and withdrawal from nicotine/tobacco. These techni-
ques are not typically used for the purposes of ALA per
se, but rather to better understand the mechanisms of ac-
Cancer Epidemiol Biomarkers Prev
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tion of the drugs. This information thereby provides infor-
mation relevant to ALA.

Electroencephalography (EEG) is a noninvasive tech-
nique that allows for the transcranial recording of neuro-
nal activity. EEG has been shown to be sensitive to the
administration of nicotine (158, 159) with an increase in
frequency in response to cigarette smoking and a de-
crease in frequency in response to the smoking of deni-
cotinized cigarettes (160). EEG frequency has also been
shown to decrease during nicotine (cigarette) withdrawal,
an effect that can be reversed by cigarette smoking (161,
162). Moreover, the effects of nicotine on EEG measures
are attenuated by mecamylamine, suggesting that the
effects of nicotine on EEG activity are receptor mediated
(163). These studies suggest that EEG might serve as
a useful measure for evaluating nicotine-mediated
responses to MRTP/PREPs.

Magnetic resonance imaging, proton magnetic reso-
nance spectroscopy, and functional magnetic resonance
imaging are noninvasive techniques that use strong
magnetic fields to examine brain structure, brain chem-
istry, and brain activity, respectively. Using these tools,
activity in specific parts of the brain has been associated
with the administration and reinforcing effects of nico-
tine (164, 165). Radiologic techniques such as positron
emission tomography and single photon emission com-
puted tomography are relatively noninvasive methods
for examining brain activity via water or energy utili-
zation or receptor binding. Selective nicotinic receptor
ligands have been radiolabeled to study the in vivo
binding of nicotine to (α4β2) nicotinic receptors in hu-
man subjects (166). This receptor subtype is considered
to be associated with the reinforcing effects of nicotine
(167). Data from these studies have shown that 1 to 2
puffs from a cigarette can result in 50% α4β2 nicotinic
receptor occupancy and smoking an entire cigarette
can result in greater than 88% receptor occupancy of
the same receptors (168).

Similar studies have shown that smoking a denicoti-
nized or low-nicotine–containing cigarette resulted in
26% and 79% occupancy of α4β2 nicotinic receptors, re-
spectively (169). These studies have important implica-
tions for the evaluation of MRTP/PREPs because even
denicotinized or low-nicotine–containing cigarettes can
result in substantial nicotinic receptor occupancy. How-
ever, the precise relationship between nicotinic receptor
occupancy and reinforcing effects is not clear.

The release of dopamine in some parts of the brain is
thought to be important for the reinforcing effects of
drugs. Positron emission tomography studies using
radiolabeled dopamine receptor ligands such as [11C]ra-
clopride have examined the effects of nicotine adminis-
tration on in vivo dopamine binding (and by inference,
dopamine release) in humans. These studies have
shown that nicotine administration and cigarette smok-
ing result in dopamine release in the ventral striatum
and nucleus accumbens, effects that are associated with
subjective reports of positive mood and are not replicated
by smoking a denicotinized cigarette (169). Moreover,
genetic studies have shown that smokers with genes
associated with low resting dopaminergic tone exhib-
ited greater smoking-induced dopamine release, sug-
gesting that there is a genetic predisposition to the
magnitude of the smoking-induced release of dopamine
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(170). The extent of dopamine release in specific brain re-
gions in response to the use of different MRTP/PREPs
could be compared to positive control conditions (i.e.,
cigarettes).

In summary, brain activity measures and imaging
techniques can be used to assess the extent of nicotine
exposure across different MRTP/PREPs compared to a
positive control such as conventional, usual brand
cigarettes or a negative control such as medicinal
nicotine products, denicotinized cigarettes, or placebo
(i.e., involving neither nicotine nor smoking). Brain or
receptor activity (dopamine or nicotine) that resembles
that observed with conventional cigarettes will sug-
gest potentially similar abuse liability. In the future,
genetic contributions (such as polymorphisms on
genes associated with relevant nicotinic receptor sub-
types or specific neurotransmitter receptor or trans-
porter systems) to these drug effects in the brain
can also be considered.

Assessment of Abuse Liability in Clinical Trials. The
assessment of abuse liability can occur at all stages of clin-
ical trials (12, 63, 68). Typically for the testing of medica-
tions, phase I trials often involve the testing of multiple
doses of a drug under close medical supervision, which
allows for an initial opportunity to collect data on the po-
tential for abuse in human volunteers outside of a formal
abuse liability study, and in some cases, without the po-
tential confounds of a lifelong history of smoking (e.g.,
among occasional smokers, never users). Phase II and
phase III trials are conducted in individuals with the dis-
ease or disorder that the drug is intended to treat (e.g.,
smokers for smoking cessation therapies). In trials for
smoking cessation, participants are typically smokers of
at least 10 cigarettes per day for at least a year with Fager-
strom Test for Nicotine Dependence scores at or above a
specified level (e.g., refs. 171-173). Phase II and phase III
trials provide an opportunity to collect information rele-
vant to abuse liability and acceptability of a product in the
population that will be most frequently exposed to the
product. These trials also tend to involve administration
of drug for longer durations of time, which allows for the
prospective evaluation of withdrawal signs and symp-
toms on discontinuation of use.

For the testing of MRTP/PREPs, many different mea-
sures could potentially be incorporated into phase I type
trials (i.e., acute dosing studies) for which the primary
purpose might be to examine the extent of toxicant expo-
sure or adverse effects. Same-day and next-day measures
of drug liking, good effects, and bad effects and the de-
gree to which the participants would like to take the drug
again (e.g., to relax, or for pleasurable effects) could be
quickly and easily collected in a phase I type trial. How-
ever, it is important to note that there is a risk of obtaining
false-negative reports from individuals without histories
of nicotine self-administration (e.g., for nicotine replace-
ment products). Thus, care must be taken to distinguish
false-positive and false-negative signals from true-posi-
tive and true-negative signals of abuse liability. This could
be done by evaluating a positive control (i.e., drug with
known abuse liability). For example, an abuse liability
study that examined the abuse liability of the partial nic-
otinic agonist varenicline in nonsmokers included two
doses of amphetamine as positive controls (86).
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In phase II and phase III type trials, medication compli-
ance is monitored in many clinical trials because missing
doses can result in decreased estimates of effectiveness;
however, the evaluation of medication compliance is also
important from an abuse liability perspective because lack
of compliance can indicate escalation of dose, diversion of
the drug, lack of interest in using the drug, or supplemen-
tation of a drug with other drugs or products. Unlike
medications, MRTP/PREPs rarely include specifications
for the appropriate (frequency and amount of) use in
the real world. On the other hand, appropriate use can
be clearly specified within the clinical evaluation of
MRTP/PREPs (67). Given that phase II and phase III
trials often involve administration of the drug or prod-
uct over several weeks, participants can also be given
the flexibility to titrate their dose (see ref. 174). Such a
design might more closely model the real-world use of
MRTP/PREPs by consumers and would also allow for
the prospective monitoring of dose escalation and possi-
ble misuse, that is, in the case of MRTP/PREPs, use with
other tobacco products. Participants in a trial with an
open titration schedule might be more likely to report
increased use of the drug or other early signals of misuse
because they could do so without admitting to noncom-
pliance and risk being discontinued from the study.
However, care must be taken to document the context
and rationale for a patient's titration to larger doses such
that titration up for maintenance of a specific level of
nicotine is not misinterpreted escalation of use for posi-
tive subjective effects.

Phase II and phase III trials that involve administration
of drug over longer periods of time also allow for the
study of the possible emergence of withdrawal signs
and symptoms on termination of drug administration.
This can be done at the end of a long-term study (172,
173), or might involve a second randomization of patients
to different treatment conditions that includes a placebo
condition (175). The prospective monitoring of specific
signs and symptoms of withdrawal (e.g., items on the
Minnesota Nicotine Withdrawal Scale in the case of nico-
tine replacement therapies or nicotinic agonists or partial
agonists) can provide valuable information about the rel-
ative risks associated with abrupt discontinuation of the
drug (175).

As an example of using a phase III trial to assess abuse
liability and dependence potential of nicotine replacement
products, West and colleagues (99) compared four nico-
tine replacement therapy products (patch, gum, spray,
and inhaler) on a comprehensive battery of measures re-
lated to abuse liability. Measures included subjective rat-
ings of pleasantness and satisfaction, subjective ratings of
dependence while using the product during 12 weeks of
treatment, withdrawal symptoms from the product (ob-
jective measure of dependence) after 12 weeks of use,
and continued use of nicotine replacement therapy be-
yond recommended period of use (behavioral measure
of dependence). Although evidence for any abuse liability
was minimal across all the products and measures, con-
tinued use of the product after 12 weeks of treatment
was sufficiently sensitive to differentiate and rank-order
the products, yielding a rank order of abuse potential that
reflected the rate of nicotine delivery from the product.
This type of trial with the associated outcome measures
can easily be adapted to MRTP/PREPs.
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Post-Marketing Surveillance. The authorizing legisla-
tion for the FDA's new regulatory authority over tobacco
products states that the regulations and guidance on the
assessment of modified risk tobacco products shall, “es-
tablish minimum standards for post market studies, that
shall include regular and long-term assessments of health
outcomes and mortality, intermediate clinical end points,
consumer perception of harm reduction and the impact
on quitting behavior and new use of tobacco products,
as appropriate; and shall establish minimum standards
for required post market surveillance, including ongoing
assessments of consumer perception.”

Post-marketing surveillance typically involves the col-
lection of data regarding unanticipated and undesired
(i.e., adverse) events related to a pharmaceutical prod-
uct after it has been introduced to the market. For tobacco
products, this might include indicators of abuse liability
that might not emerge in the controlled environment of
clinical trials. Identification of signals of abuse liability
is a process of gathering and processing quantitative
and qualitative data. Data collection can range from the
more passive collection of spontaneous reports of ad-
verse events to more active collection methods in which
physicians, patients, drug users, state agencies, and na-
tional surveys are queried about the occurrence of any
adverse events, misuse, or abuse (176). Ideally, reports
of adverse events will include the severity, duration,
and relatedness of the adverse event to the drug or prod-
uct; however, the reality is adverse event reports are often
less than complete.

The Internet is also increasingly used in post-marketing
surveillance of drugs for potential abuse (176, 177). Al-
though quantitative estimates of prevalence and rates of
abuse are not readily assessed by Internet monitoring, the
Internet provides a rich source of qualitative data about
modalities of product use, factors that make some prod-
uct more or less attractive than others, reasons for use,
trends, and how products might be tampered with to alter
their psychoactive effects (176, 177). Information can also
be obtained about perceptions and attitudes about vari-
ous products. For example, Internet websites and online
chat rooms may include warnings about which products
to avoid due to risks and which products are believed to
be less risky and/or more rewarding. Internet-derived
signals that are suggestive of greater harm in the intended
population of current smokers, or in other populations
such as nonsmokers or adolescents, would be cause for
concern and further investigation. Assessing signals of
abuse involves the integration of a number of disparate
data sources and should take into account the frequency
and strength of the associations, the consistency of the
findings, evidence of clustering, and potential for mitiga-
tion, among other factors (176). (See ref. 178 in this issue
for more in depth description of tobacco product surveil-
lance methods.)

A key question for post-marketing surveillance, then, is
how the abuse liability of a MRTP/PREP compares to
other current products (e.g., cigarettes and other MRTP/
PREPs) in the real world and all the contexts inherent
therein. Given that most MRTP/PREPs would contain
nicotine, which is known to produce dependence and so-
matic adverse events (e.g., dizziness, nausea), all MRTP/
PREPs would be expected to have some abuse liability
Cancer Epidemiol Biomarkers Prev
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(likelihood and consequences of abuse). In addition,
MRTP/PREPs have potential for accidental or intentional
misuse (e.g., ref. 179) and they might also be diverted to
children and adolescents. Other concerns involve a return
to nicotine use via a MRTP/PREP by individuals who
have already quit smoking cigarettes and the continued
use of a MRTP/PREP among individuals who were ini-
tially interested in quitting all tobacco products. Yet an-
other concern involves questions related to the potential
concurrent use of MRTP/PREPs with other tobacco pro-
ducts such as cigarettes or other MRTP/PREPs. Exposure
to toxicants and subsequent disease could be greater in
individuals who use multiple tobacco or nicotine pro-
ducts concurrently, and the known difficulty associated
with quitting smoking (together with the relatively un-
known difficulty associated with quitting use of different
MRTP/PREPs) could increase the likelihood that the con-
current use of multiple products will occur. Assessing
abuse potential when several different medications or
products are used concurrently, whereas important from
a real-world perspective, might require a new level of so-
phistication in abuse liability testing.
Recommendations for Assessing Tobacco
Products Including New Products and MRTP/
PREPs

It seems that that the law authorizing FDA regulation of
tobacco gives FDA flexibility to base standards for exist-
ing products and claims for new products submitted for
consideration as MRTP/PREPs, at least in part, on a de-
termination of their addictiveness. ALA data will provide
the agency with one important type of scientific evidence
for such decision making.

As reviewed in this article, the methodology for ALA
in humans, as listed in Table 1, is well established. Orig-
inally developed for use in testing opioids, sedatives, and
stimulants (11, 180), these methods have been successfully
applied to gain important information about the abuse
potential of cigarettes with altered characteristics (e.g., de-
nicotinized) and other nicotine delivery products includ-
ing medications and MRTP/PREPs (57, 67, 181). Instead
of selecting a single approach to recommend for use in
future testing, it is recommended that several approaches
be used to gather information about abuse potential (21).
As described in the introduction, the selection of ap-
proaches for tobacco products, as for drug products, will
depend, in part, on the nature of the product, its state in
development, and the questions of specific interest by the
product sponsor and the FDA. In particular, an ideal test-
ing approach would include subjective effects as assessed
in acute dose-effect comparison studies as well as drug
choice and self-administration measures of the new pro-
ducts in laboratory settings. This recommendation is con-
sistent with FDA draft guidelines for ALA developed in
July 1990 that state, “there is no single test or assessment
procedure that, in itself, is likely to provide a full and
complete characterization (of abuse liability). Rather, the
assessment of abuse liability must be based upon review
of all available data that concerns the action of the sub-
stance, its chemistry, pharmacology, clinical considera-
tions and summary risks attendant to the public health
2009;18(12). December 2009
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following introduction of the substance to the general
population.”

Thus, a number of different types of laboratory studies,
such as those describe herein, would likely be conducted
concurrently or sequentially. Priorities for use of one
method over other methods cannot be delineated because
of the need for concordant results across assessment
methods and because different methods may address
unique aspects of abuse liability. As an example, if the
goal is to determine the abuse liability of a low toxicant
MRTP/PREP (or a medicinal nicotine product) relative
to highly toxic conventional cigarettes, testing might in-
clude assessment of the pharmacokinetics and pharmaco-
dynamics of the products, the acute dose-response effects
of both products to determine how different doses of the
product lead to different physiologic and subjective re-
sponses and how the curves compare against each other,
a behavioral economic analysis to determine the ease with
which the MRTP/PREP substitutes for conventional ciga-
rette product, and a self-administration trial to determine
how hard subjects are willing to work for one product ver-
sus another.

Other studies might examine the extent to which the
product reduces withdrawal symptoms during absti-
nence from conventional cigarettes. A clinical trial might
also be conducted to determine the pattern and extent of
product use, the frequency with which other currently
available products are used together with the MRTP/
PREP (i.e., the extent to which substitution occurs), and
the potential for the development or reduction of physical
dependence as a result of using the product. Depending
on the questions posed and results from each of these
tests, one can conclude that the product under evaluation
has a greater or lesser likelihood of resulting in recurrent
or problematic use and a greater or lesser likelihood of
resulting in adverse or harmful consequences compared
to conventional products and, possibly, compared to
other MRTP/PREPs.

In spite of the high predictive validity of existing ALA
methodology, the actual abuse liability of any product, in-
cluding MRTP/PREPs, will ultimately depend on the find-
ings from clinical trials and post-marketing surveillance.
However, the predictive validity of the procedures for as-
sessing abuse liability described in this review has been
clearly established across many other classes of medica-
tions. This provides a gooddegree of certainty that theywill
also be valid for assessing new nicotine-containing pro-
ducts. Nonetheless, future MRTP/PREP abuse liability
trials might involve designs that include both inpatient
and outpatient assessment methods (e.g., refs. 90, 115,
136) to further enhance the validity and generalizability of
these laboratory-based assessments to real-world abuse
and addiction.

One area that might be of particular importance to the
ALA of MRTP/PREPs is the examination of their abuse
liability in different populations. This would include the
ALA of MRTP/PREPs in light and heavy smokers, ex-
smokers, users of oral tobacco products, and, in some
cases, never smokers. Moreover, the examination of
MRTP/PREPs in different populations might require dif-
ferent experimental designs or controls as described
above. Gender differences should be examined in light
of previous research that has reported differences be-
tween men and women with regard to discriminative
Cancer Epidemiol Biomarkers Prev
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stimulus (182, 183) and positive subjective effects (79,
184) of nicotine as well as withdrawal-related distress
and craving (114, 185).

Most assessments of abuse liability of medicinal nico-
tine or tobacco products have been in physically and
mentally healthy smokers. Consideration should also be
given to the assessment of abuse liability of MRTP/
PREPs in smokers with comorbid psychiatric or sub-
stance use disorders. There is a relatively high rate of co-
morbidity between cigarette smoking and psychiatric
disorders (e.g., bipolar, schizophrenia, and attention def-
icit hyperactivity disorder; refs. 186-189). However, pa-
tients with psychiatric diagnoses are often excluded
from laboratory studies and clinical trials. It is possible
that the abuse liability of new products will differ in these
groups of individuals (190) with the potential for greater
likelihood of abuse or greater adverse consequences of
abuse in some clinical populations as compared to the
general population.

An important regulatory challenge for the future will
be how to use these methods to go beyond the macro
testing of whole products and to parse out the positive
subjective effects and reinforcing effects of the complex
mixture of chemicals that might be present in new pro-
ducts as well as product design features that might in-
fluence their abuse liability. Factors or characteristics of
products that might be associated with increased abuse
liability include the amount of nicotine contained in the
product, the rate of nicotine delivery, the product for-
mulation or design, the ease of extraction of nicotine
or other constituents, sensory aspects associated with
use of the product (e.g., menthol), and added constituents
in the product that influence absorption, pharmacoki-
netics, and other pharmacologic and nonpharmacologic
factors.

This review has primarily focused on the traditional
methods that have been used to test abuse liability of
the drugs and various formulations of drugs (11, 180).
However, pharmacologic abuse liability is not the sole
determinant of whether a product will be used and, if
so, whether addiction will develop. Many other factors
related to the appeal or attractiveness of the product
are important, including convenience of purchase, per-
ceptions of risk, and, in the case of orally used products,
taste, odor, and other organoleptic properties. Some of
the factors might interact with pharmacologic factors.
For example, crack cocaine is not only highly reinfor-
cing, it is also a convenient means of cocaine administra-
tion (14, 191).

As described in the Introduction, the actual patterns
of use and risk of addiction are also likely to be influ-
enced by marketing, packaging, claims, and, therefore,
consumer perception of a MRTP/PREP; the cost of the
product relative to other nicotine-containing products;
how widely the product is sold; any restrictions on pur-
chase; the use of the product by members of an indivi-
dual's social network as well as social norms for use;
and the ease by which it could used given policies such
as bans on smoking or tobacco use. Thus, novel ap-
proaches to ALA will need be explored (e.g., refs. 11,
192). In addition, consumer product testing methods,
many of which are already used by the tobacco industry
(16, 17, 193), will be important to more accurately pre-
dict use, abuse, and addiction (20).
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Conclusions and Future Research Directions

Assessing the abuse liability of new tobacco- and non-to-
bacco-nicotine–containing products including MRTP/
PREPs will be essential to determine the extent to which
the products are likely to be used and abused and the ex-
tent to which the sustained use of the products will pos-
itively or negatively affect public health. The ALA of
different types of products can also potentially determine
how various constituents and design features interact to
affect abuse liability and which groups or populations
might be especially vulnerable to misuse or abuse of the
product. Laboratory-based abuse liability methods for
medications or drugs have been well developed, and
some of these methods have already been applied to ci-
garettes and other nicotine-containing products. Future
challenges will involve adapting these methods to answer
a broader array of questions including the following,
which have also been raised by the WHO Study Group
on Tobacco Product Regulation (6, 20).

(a) How do individual constituents of a product and
the potential interactions between constituents, partic-
ularly non-nicotine constituents, affect abuse liability?
(b) How do product design features including sensory
characteristics and ease of use affect the abuse liability
of new products?
(c) How do marketing, packaging, labeling, pricing,
and consumer perceptions affect the abuse liability of
a product?
(d) How do patterns of use and abuse liability differ in
various target populations? These include adolescents
(for initiation of use), occasional smokers, regular light
smokers, regular heavy smokers, smokers who want to
quit, smokers with comorbid health or psychiatric dis-
orders, smokers of different racial/ethnic groups, and
smokers of lower socioeconomic status.

To address these questions, collaboration among scien-
tists with a broad array of expertise is critical (e.g., toxicol-
ogists, engineers, neurobiologists, social scientists,
behavioral scientists, and individuals in communications
and marketing) along with a conceptual framework that
describes important predictors of abuse liability and
critical areas of investigation for the assessment of abuse
liability.
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