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Abstract

More than 76 million people worldwide are estimated to have diagnosable Alcohol Use Disorders
(AUDs) (alcohol abuse or dependence), making these disorders amajor global health problem.
Pharmacotherapy offers promising means for treating AUDs, and significant progress has been
made in the past 20 years. The U.S. Food and Drug Administration approved three of the four
medications for alcoholism in the last two decades. Unfortunately, these medications do not work
for everyone, prompting the need for a personalized approach to optimize clinical benefit or more
efficacious medications that can treat awider range of patients, or both. To promote global health,
the potential reorganization of the National Institutes of Health (NIH) must continue to support the
National Institute on Alcohol Abuse and Alcoholism’s (NIAAA’S) vision of ensuring the
development and delivery of new and more efficacious medications to treat AUDs in the coming
decade. To achieve this objective, the NIAAA Medications Development Team has identified
three fundamental long-range goals: 1) to make the drug development process more efficient; 2) to
identify more efficacious medications, personalize treatment approaches, or both, and 3) to
facilitate the implementation and adaptation of medications in real-world treatment settings. These
goaswill be carried out through seven key objectives. This paper describes those objectivesin
terms of rationale and strategy. Successful implementation of these objectives will result in the
development of more efficacious and safe medications, provide a greater selection of therapy
options, and ultimately lessen the impact of this devastating disorder.
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Alcohol Use Disorders (AUDs) (acohol abuse and dependence) affect 76 million adults
worldwide, including 18 million Americans, and are responsible for amyriad of medical,
psychological, socia, economic, and personal problems (World Health Organization, 2004;
Grant et a., 2004). AUDs rank among the leading causes of decrementsin disability-
adjusted life-years (DALY s) and rank third in preventable causes of death in the United
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States (Mokdad et a., 2004; Michaud et a, 2006). Tragically, more than 2.5 million
individuals including 75,000 Americans die each year from alcohol-related events. The U.S.
healthcare costs associated with AUDs are approximately 30 billion dollars annually, and
the total economic cost to society is a staggering 235 billion dollars each year (Rehm et al.,
2009).

AUDs are heterogeneous, complex disorders. They result from an interaction of genetic and
environmental factorsthat differ from one drinker to another to produce a variety of
phenotypes. Because of this great variability, it is unlikely that any single treatment
intervention will be effective for all individuals with AUDs. Fortunately, during the past 20
years significant advances have been made. Currently, there are four medications approved
by the U.S. Food and Drug Administration (FDA) to treat alcohol dependence: disulfiram,
oral naltrexone, acamprosate, and a long-acting injectable naltrexone (O’ Malley and

O’ Connor, 2011; Johnson, 2008; Litten et al., 2005). Unlike disulfiram, which causes an
unpleasant aversive reaction when drinking, the medications approved most recently,
naltrexone and acamprosate, appear to act by reducing craving or urgeto drink (Litten et al.,
2005). In addition to these medications, in arecent multi-site trial, topiramate, an FDA-
approved medication for the treatment of epilepsy, has shown robust findings in reducing
drinking in acohol dependent patients (Johnson et a., 2007). Still, these medications do not
work for everyone. Effect sizes generally are small and approximate those found in other
psychiatric medications, such as antidepressants (Turner et a., 2008). The heterogeneity and
behavioral complexities associated with alcohol dependence negate a simplistic one-size-
fits-all approach to alcoholism treatment and therefore al so to the devel opment of
medications for this complex disorder. Additional research isvital to develop more
efficacious and safe alcohol medications. Similar to the paradigm used by physicians to treat
depression, an arsenal of medication choicesis optimal for the effective treatment of this
heterogeneous disorder.

Although four medications have now been approved by the FDA for acohol dependence,
the process of drug devel opment continues to be a challenge. For medications in general, the
path to market for a successful candidate is long, costly, and inefficient. The average time to
move a compound from discovery to market in the United Statesis 13.5 years (Paul et al.,
2010; Munos, 2009). More than half of thistimeis spent after the Investigational New Drug
(IND) paperwork has been filed. The processis also expensive, with costs averaging 1.8
billion dollars from discovery to launch (Paul et a., 2010; Munos, 2009). Finaly, the
probability of successislow—only 1 out of every 10,000 compounds screened will
successfully make it into the pharmaceutical market. This high failure rate is a significant
contributor to the high cost of drug development.

For central nervous system (CNS) compounds, clinical development has become even more
challenging. It takes about 18 years to move a candidate compound in this category from
discovery to market, 4.5 years longer than the average therapeutic compound (Kaitin and
Milne, 2011). Furthermore, only 8 percent of new CNS compounds entering Phase 1 will
reach the marketplace (Miller, 2010; Hurko and Ryan, 2005). Only 46 percent of CNS
candidates succeeded in pivotal Phase 3 trials compared with 66 percent, on average, for all
compounds (Kaitin and Milne, 2011). It is difficult to evaluate the drug development process
of alcohol medications since the vast majority of compounds evaluated for alcohol treatment
have been devel oped originally for other medical indications. Surprisingly, despite
significant advancesin the scientific discovery of new targets for medications, the likelihood
of reaching FDA approva is no better now than it was 20 years ago (Miller, 2010). The
FDA recently issued several white papers to address ways to increase the efficiency of the
drug devel opment process, including strategies to devel op better evaluation tools as well as
to streamline clinical trials (FDA, 2004 and 2006a).
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To counter these problems in drug development, the NIAAA Medications Devel opment
Team has identified three long-term goals that will be crucial for moving research forward
during the next 10 years. Those goals include 1) devel oping approaches to make the
development of alcohol dependence medications more efficient—faster, more predictable,
and less expensive; for example, by addressing the lengthy development of CNS compounds
versus non-CNS compounds (Kaitin and Milne, 2011); 2) developing strategies to increase
the effect size of candidate compoundsin acohol dependence clinical trials. Most of the
multi-site trials for experimental medications have shown either no effect or a small effect
(Johnson, 2008; Litten et al., 2005). Phase 3 trials are less likely to be funded when only
small effect sizes are observed in proof-of-concept trials, and 3) facilitating the use of
alcohol medicationsin real-world clinical practice. Currently, only 10 to 13 percent of
patients with AUDs are routinely prescribed acohol medications (Mark et a., 2009;
McLellan, 2007). To accomplish these goals, seven key objectives have been identified: 1)
to discover and validate new molecular targets for the treatment of alcohol dependence. This
effort holds the promise of identifying novel therapeutics as well as more favorable side-
effect profiles; 2) to develop and implement animal and human laboratory paradigms as
screening models for drug devel opment; 3) to bridge the often-discussed gaps in the drug
development process (referred to asthe “Valley of Death”) through afully trandational
therapeutics devel opment program; 4) to develop methodol ogical approaches for conducting
alcohol dependence clinical trials that are more efficient, both in terms of their economic
and time costs; 5) to advance personalized medicine in the pursuit of new compounds, as a
means of increasing the effect size in adequately selected patients; 6) to identify and remove
barriers to the implementation and adoption of alcohol medicationsin real-world treatment
settings; and 7) to facilitate the devel opment of collaborative networks and partnerships
among pertinent stakeholders seeking new therapeutics for addictive disorders, such asthe
Federal government, the pharmaceutical industry, academia, healthcare organizations, as
well as patient and advocacy groups. Carrying out the first five objectives will help
accomplish our first long-range goal of making the drug devel opment process more
efficient. Objectives 1, 4, and 5 likely will improve the signal detection problem in alcohol
clinical trials, whereas objective 6 will facilitate the implementation and adoption of
medication use. Finally, objective 7 will be essential in carrying out all three long-range
goals. Each of these objectivesis discussed in detail below in terms of rationale and
corresponding strategy. While the purpose of this paper isto articul ate these objectives, we
acknowledge that thisis not a comprehensive or critical review of thefield.

Objective #1: Identify and Validate New Molecular Targets for the Treatment
of Alcohol Use Disorders

A fundamental goal of medications development isto identify therapeutic targets and
effective compounds. Research during the past three decades has enriched our understanding
of biological mechanisms underlying alcohol dependence. In the late 1980’ s, targets for drug
development mainly were limited to serotonergic and dopaminergic neurotransmitter
systems (Litten and Allen, 1991; Gorelick, 1989). Work over the subsequent 20 years,
however, revealed that various neurotransmitter systems, neuromodulators, and intracellular
signaling pathways have arole in alcohol dependence. Some of these targets have been
validated, either in preclinical and/or clinical studies, as potential therapeutic targets for the
treatment of alcohol dependence (Table 1).

Additional research is needed to identify targets that will produce more effective compounds
with minimal side-effects. A better understanding of the biological mechanisms, including
the different components underlying alcohol dependence, is vital. These components consist
of reward, negative affect, stress, craving, incentive salience, impulsivity, compulsivity,
habituation, executive function, and cognitive function (Redish et a., 2008; Koob and
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Volkow, 2009; George and Koaob, 2010). Alcohol acts on systemsin the brain, and causes
adaptive changes in neurocircuitry, which contribute to the devel opment of alcohol
dependence (Redish et al., 2008; Koob and Volkow, 2009; George and Koob, 2010). The
pathophysiology of alcoholism involves adaptations in avariety of ion channels,
neurotransmitters, neuropeptides, and intracellular signaling systems (Johnson, 2008; Koob
and Volkow, 2009; Spanagel, 2009; Johnson, 2008; Koob and Bloom, 1988). The efficacies
of medications are influenced not only by actions on the targets but also by the modul atory
systems. Finally, the pathophysiology of alcohol dependence will differ between and among
individuals as a function of their pre-existing genetic vulnerabilities, their exposure to
environmental risk factors, and during the progression of alcoholism.

The biological complexity of alcohol dependence suggests that focusing on a single target
will not adequately address the clinical problem. It may prove necessary to target
combinations of systems simultaneously, either through combined pharmacotherapy, or
using compounds that act on multiple targets Johnson, 2008; Roth et al., 2004; Johnson et
al., 2003). The rational for designing a combined pharmacology strategy faces considerable
preclinical challenges, particularly with regard to the identification of the right combination
of targets (Hopkins, 2008). The effectiveness of this approach in the treatment of other
diseases, however, indicates its potential application in alcohol medication development. An
empirically informed approach to this task hinges on the breakdown of the complex
phenotype of clinical “alcoholism” into biologically defined intermediate component traits
that may be found in varying combinations in different patients.

Exploring genetic and environmental factors involved in the pathophysiology of alcoholism,
aswell as the interactions between them, may aid the discovery of novel targets for
medications development. A mechanistic understanding of addictive processes requires
studies at multiple levels of complexity, from genes, transcriptional/translational processes,
proteins, intracellular pathways, cellular connections, and circuits, to behavior.
Understanding genes to behavioral pathways requires interdisciplinary studies. Ultimately,
thiswill lead to a better understanding of acohol dependence (Kendler, 2005). Often the
serendipitous discovery of effective medications provides a better understanding of disease
pathophysiology in general, regardliess of how those new targets were identified. Moreover,
because of the high prevalence of psychiatric/substance abuse comorbidity, identifying
neural systemsinvolved in comorbid disorders (Haber and Rauch, 2010 ; Insel, 2010) and
their relationship to those associated with alcohol addiction may yield additional targets,
which could be especially important for alcohol dependent patients with psychiatric
comorbidity.

Exploring different components of alcohol dependence and the corresponding individual
vulnerahilities to these components also could lead to different clinical profiles of dependent
patients. This differentiation among the dependent patient clinical profileswill assist in
developing specific treatment strategies, both with regard to pharmacological and
nonpharmacological interventions within each component of alcohol dependence. Targeting
medications to the specific additive components will, most likely, advance personalized
medicine, an objective discussed in detail below.

Objective #2: Developing and Implementing Screening Models Using
Animal and Human Laboratory Paradigms

Many animal and human laboratory paradigms are used to study different facets of alcohol
dependence (Crabbe et ., 2010; Heilig et al., 2010; Leeman et d., 2010; Stephenset d.,
2010; Koob et a., 2009; Mason et al., 2008; Egli, 2005; Anton et a., 2004; O’ Malley et al.
2002). These models also are used for evaluating medications with the ultimate aim of
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informing decisions to carry out clinical trials (Egli, 2005, Koob et a. 2009). To gauge the
predictive value of animal and human laboratory models, medications which have been
evaluated clinically should also be tested in preclinical animal and human laboratory models
(Koob et al. 2009; Mello, 1992; Johnson et a., 2005). The subsequent concordance between
preclinical models and clinical studies reveals the extent to which the preclinical data may
predict clinical outcomes. This strategy includestesting FDA approved medications for
alcohol dependence, as well as medications such as baclofen, ondansetron, and topiramate,
which have been extensively evaluated in clinical studies (Heilig and Egli, 2006). Table 2
shows the effects of naltrexone, acamprosate, and topiramate in tests modeling various
aspects of alcohol dependence. As a negative control, notable failures, such as bromocriptine
and ritanserin (Naranjo et a., 1997; Johnson et al., 1996; Powell et ., 1995), also are
available; the numbers of compounds falling into this category are likely to grow in future
years as more medications for alcohol dependence are evaluated clinically. It is essentia that
standard methods be used to evaluate, reference, and test medications because changes to the
protocol or animal species or strain can affect the results. This approach has been used
successfully by the National Institute of Neurological Disorders and Stroke. It remains to be
determined whether a common signal or set of signals from the models will emerge for the
diverse medications that are likely to show clinical efficacy for acohol dependence.

A review of the literature supports the plausibility of using animal modelsto evaluate
medications for alcohol dependence, particularly those that model biological factors
contributing to excessive drinking (Egli, 2005). Consequently, NIAAA’s Preclinical
Medication Efficacy Testing Program was initiated to test medications in three different
animal models of acohol dependence. These models consist of limited access alcohol
drinking in P (i.e., alcohol preferring) and HADL (i.e., high-alcohol drinking) rats
selectively bred for alcohol preference (Li et al. 1987, 1993) and in mice that drink large
volumes of acohol after they are made dependent through chronic-intermittent alcohol
vapor exposure (Becker and Lopez, 2004; Griffin et a., 2009; Lopez and Becker, 2005). The
latter model is similar to work that originally established this approach in rats (Roberts et al.,
2000; Rimondini et al., 2002; Heilig and Koob, 2007). An ongoing component of this
program is to evaluate reference compounds and then compare the results with those of test
compounds. This includes examining medications that already have undergone clinical
evaluation. In these evaluations, naltrexone and topiramate, medications that showed the
most consistent effectsin clinical studies (Johnson, 2008; Litten et a., 2005), displayed
robust dose-dependent effects in these animal models. This datais then used to compare the
effects of novel, proprietary compounds submitted to NIAAA by pharmaceutical companies
and other sources. These models are used to evaluate medications that already have gone
through clinical testing enabling us to further refine the results and to better determine the
clinical utility of the test compounds.

NIAAA's Integrative Neuroscience Initiative on Alcoholism (INIA) West consortium is
performing a complementary effort to validate and identify targets for medication
development for the treatment of alcoholism. Primary /n vivo screens are implemented in
three stages using model s representing distinct aspects of alcohol dependence asillustrated
in Table 2. Stage | tests reflect the acute reinforcing effects of alcohol as assessed by operant
self-administration of alcohol by rats and by continuous and limited access to drinking
among mice and alcohol-preferring P and HAD rats. INIA West aso has devel oped two
additional lines of mice (High Drinking in the Dark [HDID1, 2]) that display high
consumption during limited access to alcohol. Stage |1 tests include dependence-induced
excessive drinking and motivational withdrawal measures. Stage |11 tests focus on relapse
and measure a drug’ s influence on alcohol- and stress-induced reinstatement of animals
self-administration as well as their response to a conditioned approach. It is anticipated that
all drugswill undergo Stage | and Stage |1 testing, whereas Stage |11 testing and additional
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secondary screens will be reserved for compounds that yield positive resultsin Stages | and
I1. A major goal of the INIA West target validation effort is to use the extensive gene
expression databases to select novel moleculesin concert with molecules that aready have
obtained FDA approval for human use to expedite confirmation of preclinical findingsin
human clinical studies.

A similar research program is being planned for human laboratory paradigms. So far,
significant progress has been made in developing a variety of human laboratory models
(Roache, 2010; Chaplin et al., 2008; Mason et a., 2008; Miranda et a ., 2008; Ramchandani
et al., 2006; Anton et al, 2004; O’ Malley et al., 2002). Three major human laboratory
paradigms are used—cue-induced (e.g., alcohol, positive and negative images) reactivity,
alcohol-self administration, and a cohol administration—each with several variations. An
important aspect when using human lab paradigms as screening models for medicationsis
the target population. Because subtypes of alcohol dependent patients may respond
differently to alcohol medications, the subject population used in the human laboratory (as
well as subsequent clinical trials) should reflect the patient population most likely to benefit.
This strategy was used by NIAAA Intramural investigators to study the effects of a
neurokinin-1 (NK1) antagonist on alcohol craving in recently detoxified alcoholics (George
et al., 2008). Because NK 1 receptors modulate stress and anxiety responses, the researchers
recruited subjects with trait anxiety disorder. One challenge in enrolling such similar
populations is that non-treatment seeking alcohol dependent patients usually are recruited
for human laboratory studies, whereas treatment-seeking al coholics are enrolled in clinical
trials. The non-treatment population generally is younger and drinks less than those in the
treatment-seeking population (Anton et al 2004 and 2006). Moreover, in nicotine-
dependence studies, these two populations appear to differ greatly in their response to
medications (Perkins et al., 2008). Again, the best validation method would be to use the
same subjects for both human laboratory studies and clinical trials, an approach currently
being investigated. Using this method, we are able to compare outcomes of those who
respond favorably to the medication in thetrial (e.g., reduction in heavy drinking) with their
response in the human laboratory paradigm (e.g., reduced cue-induced craving and
decreased self-administration), thus helping to determine the predictive validity of the
laboratory model under investigation. Disadvantages of this approach, however, include a
possible diminution of the ecological validity of the clinical trial aswell as exposing
treatment-seeking patients to possible further deterioration resulting from alcohol self-
administration in certain human laboratory paradigms.

An essentia step in medications devel opment over the next decade will be to further refine
animal and human laboratory paradigms that can be used as reliable screening models,
making the drug devel opment process both faster and more predictable.

Objective #3: Bridge Gaps in the Drug Development Process

Drug development for alcohol dependence is arelatively young field compared with other
fields, such as cancer, cardiovascular diseases, and psychiatric disorders. Alcohol
researchers have explored many potential targets in the brain for drug development during
the past 20 years (examplesin Table 1). Most of these targets have been tested in animal and
human studies using medications that currently are approved by the FDA for other medical
indications (Litten et al., 2005). Recently, however, a number of novel compounds
developed for other medical indications aso have been tested in Phase 2 alcohol clinical
trials by pharmaceutical companies, such as Lilly, Alkermes, and Merck.

Asthe alcohol field accelerates its development of novel compounds, it isimportant to have
an infrastructure to move these compounds efficiently along the pipeline from drug
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discovery through preclinical testing to clinical trials (Figure 1). Currently, the National
Ingtitutes of Health (NIH) has several programs to advance drug discovery and novel
compound development during the early stages of drug development. For example, the NIH
Common Fund Molecular Libraries and Imaging program (http://commonfund.nih.gov/
molecularlibraries/) offers researchers access to large scale screening assays to identify
small molecules that can be optimized as chemical probesin the study of gene and cell
function and the biochemical pathways that serve as targets for new drug development. This
resource already is being used in search of alcoholism therapeutics (McCoy et a., 2010).
The NIH Rapid Accessto Interventional Development (NIH-RAID) program (http://
commonfund.nih.gov/raid/) also is available, on a competitive basis, to move novel
compounds through the preclinical development phase. Available services include accessto
bulk supplies, Good Manufacturing Practice (GMP), formulations, pharmacokinetic testing,
and animal toxicology reports. (This program will be re-launched soon under a new name
Bridging Interventional Development Gaps). NIH also intends to establish a new entity, the
National Center for Advancing Trandational Sciences (NCATS), to accelerate the
development, testing, and implementation of candidate compounds across a wide range of
diseases (Callins, 2011). This Institute will incorporate the programs described above as
well as other approaches to expedite the drug development process. In addition, the NIH
Clinical Center has been designated as a national resource, and will be making its resources
available on a competitive basis to academic investigators. Of note, one of the first resources
in this category are the Clinical Center Pharmaceutical Development Services, which can
formulate clinical trials materials, manufacture placebo, and monitor stability of materials—
functions often not available to individual academic investigators.

The*Valley of Death” for alcohol drug development—the gap between preclinical
development and clinical testing—is moving novel compounds through IND requirements
and human Phase 1 testing after the compound has demonstrated efficacy in anima models.
This gap in development has impeded several promising novel compounds from moving
forward aong the drug development pipeline (Barron and Littleton, 2011; Wang et al.,
2002). To successfully navigate this obstacle, in addition to NIH-wide programs, NIAAA
may need to contract with Clinical Research Organizations (CROs) and Clinical
Manufacturing Organizations (CMOs) to facilitate the timely development of candidate
compounds. Finally, future partnerships between NIAAA and the pharmaceutical/
biotechnology industry offer another resource for successfully moving promising
compounds through devel opment.

Objective #4: Conduct Clinical Trials More Efficiently Using Enhanced
Methodology and Facilitation of Proof of Concept Trials

Proof-of-concept trials (early Phase 2) and large confirmatory Phase 3 trials are essential
components of the drug development process. Currently, NIAAA supports proof-of-concept
trials and relies on pharmaceutical companies to conduct the larger confirmatory trials. Since
1992, NIAAA has made medications development a high priority area and currently
supports more than 30 pharmacotherapy clinical trials through a variety of grant
mechanisms. Medications under investigation include baclofen, pregabalin, zonisamide,
gabapentin, ondansetron, duloxetine, olanzapine, and prazosin. In addition, medications are
being tested in understudied populations, such as those with comorbid psychiatric disorders
(depression, anxiety disorders, bipolar, schizophrenia), comorbid substance abuse (tobacco,
cocaine), comorbid medical disorders (HIVV/AIDS, Hepatitis C), aswell asin adolescents
and young adults.

A drawback to proof-of-concept projectsisthat they take on average 5 to 6 yearsto
complete. In response, the NIAAA Medications Team recently created a new proof-of-
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concept trial system that trimsthistimeto 1 to 1.5 years. Thisinitiative, caled the NIAAA
Clinical Investigation Group (NCIG), was approved by the NIAAA External Advisory
Board and NIAAA Council, and utilizes a contract mechanism to achieve the desired
efficiency. NCIG’ s organization includes a steering committee (the NIAAA Medications
Team), a CRO, multiple academic clinical sites, a pharmacy, and a monitoring group. The
basic NCIG trial model stipulates that each clinical research site must enroll four subjects
per recruitment month and adhere to FDA regulations and International Conference on
Harmonisation (ICH) Good Clinical Practices (GCP). In addition to a thorough review by
site Institute Review Boards (IRBs), the clinical trial protocol is reviewed by the FDA and
an independent Data and Safety Monitoring Board (DSMB).

Currently, two multi-site trials have been completed and a third is underway. Results of the
first NCIG trial demonstrated alack of efficacy of quetiapine in very heavy drinking alcohol
dependent patients (Litten et al., 2011), while the results of NCIG 2 evaluating levetiracetam
currently is being analyzed. A one year follow-up study of subjectsin all NCIG tridlsalsois
underway to determine why some subjects remain abstinent whereas others relapse to
drinking. During the next decade, as more promising agents become available, the NCIG
operation may be expanded to test multiple compounds simultaneously.

With regard to methodology, CNStrials, including alcohol trials, are considered more
challenging than non CNS trias (Kaitin and Milne, 2011). For example, in CNStrials, long-
term testing is required, treatment endpoints are difficult to measure, and behavioral changes
can occur during treatment independent of the effects of the medication. The methodological
issues of alcohol pharmacotherapy trials are complex, consisting of several major
components that include study design, population selection, recruitment, adherence,
retention, psychosocia platform, outcome measures, and safety.

Throughout the past two decades, alcohol researchers have sought ways to improve the
methodology of alcohol clinical trials. In particular, NIAAA supported several workshops
on methodology and conducted two large multi-site trials, Project MATCH and COMBINE,
resulting in a dozen manuals on various aspects of conducting alcohol trials. NIAAA
currently is supporting and conducting secondary analysis on datasets from several multi-
site clinical trials on alcoholism to inform optimal selection of trestment endpoints, grace
periods, duration of trial, methods for handling missing data, as well as understanding the
effect of the placebo response. To facilitate this activity, NIAAA hasjoined aworking group
called Alcohol Clinical Trias Initiative (ACTIVE), which identifies and clarifies alcohol
clinical trials methodology (Anton et al., 2011). Members of ACTIVE include
representatives from the FDA, the European Medical Agency (EMA), NIAAA, the National
Ingtitute on Drug Abuse (NIDA), academia, and the pharmaceutical industry.

Efforts also are underway to develop alcohol biomarkers and alcohol sensor devices (Litten
et al., 2010). Alcohol biomarkers may play an important rolein alcohol clinical trials. They
could be used for determining inclusion/exclusion criteria, as primary or secondary endpoint
measurements, and to assist in identifying subtypes of patients. In particular, progress has
been made in developing transdermal alcohol sensors (Barnett, 2011). These devices
measure alcohol vapor through the skin and offer objective assessments of abstinence or
drinking as well as the amount of alcohol consumed, an advantage over subjective self-
reports. Goals for the next decade include making these sensors more precise in measuring
alcohol intake, less expensive, and more comfortable to wear. Furthermore, additional
research is needed to determine inter-individual variability and its utility in various settings
(Litten et al., 2010). The development of biomarkers to serve as a surrogate endpoint for
efficacy and safety also would make the drug development process more efficient.
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Priorities over the next several years, as determined from discussions with regulatory
agencies, pharmaceutical industry, and academia, are to look closely at treatment endpoints
and placebo responses—two areas that are particularly important in terms of improving the
methodol ogical aspects of drug development.

Treatment Endpoints

The most commonly used outcome measures in alcohol trials are percent days abstinent,
drinks per day, drinks per drinking day, and the number (or percent) of heavy drinking days.
During the past decade, NIAAA has conducted analyses using data from various al cohol
studies to provide information to the FDA for use in identifying primary endpoints for
alcohol pharmacotherapy trials. The FDA recently moved from using total abstinence asthe
primary endpoint for pivotal Phase 3 trialsto using percent subjects with no heavy drinking
(PSNHDDs) (FDA, 2006b). This shift was based on the relationship between heavy drinking
(5 or more drinks/day for males and 4 or more drinks/day for females) and alcohol-related
consequences (Breslow and Graubard, 2008; Dawson et al., 2008; Jackson, 2008; Li, 2007;
Greenfield et al., 2005). The NIAAA Medications Development Team (Falk et al., 2010)
recently examined the validity of PSNHDDs as an endpoint using data from two large and
very diverse alcohol trials, COMBINE (Anton et al., 2006) and a multi-site topiramate trial
(Johnson et al., 2007). In these data sets, PSNHDDs appeared as sensitive as more
traditional outcome measures, though confirmation is needed in other datasets. Still, other
approaches are encouraged that include both continuous and categorical endpointsto
measuring treatment outcomes. For example, the cumulative proportion of responder
analysis, which shows the proportion of responders over the entire range of possible cut-off
points for a given outcome measure, is promising for the alcohol field (Farrar et a., 2006).
Analyses, so far, have indicated that allowing one or more heavy drinking days over the
treatment period can increase the effect size (Falk et al., 2010). However, regardless of the
selected outcome measure, future studies should validate drinking endpoints agai nst
clinicaly relevant markers, such as measurements of alcohol-related consequences,
treatment utilization, and costs.

Placebo Effects

The placebo effect is a complex, psychobiological event associated with a variety of medical
conditions, including pain, Parkinson’s disease, irritable bowel syndrome, depression,
anxiety, and addiction. It also islinked to physiological systems, such as the cardiovascular,
respiratory, immune, and endocrine systems (Finnis et al., 2010; Kaptchuk et al., 2008;
Benedetti et al., 2005). From a psychological perspective, many mechanisms have been
proposed to explain the placebo effect, including expectations, conditioning, memory,
motivation, somatic focus, reward, and anxiety reduction (Finniss et al., 2010). The
biological mechanism remains unclear, with several neurotransmitter systems being
implicated, including the opioid, dopamine, adrenergic, and serotonin systems (Finnisset al.,
2010). Regardless of its mechanism, the placebo effect observed in clinical trials appears to
involve a complex interaction among patient, clinical staff, and treatment environment.

The placebo response makes it difficult to determine if the positive outcomes obtained in a
clinical trial are attributable solely to the test medication. For example, in recent meta-
analyses of depression clinical trials, ahigher placebo rate was associated with a smaller
effect size of the experimental antidepressant than those trials with alower placebo response
(Kirsch et ., 2008; Nunes and Levin, 2004). Currently, little information exists on
characterizing the placebo effect in alcohol trials. Weiss et al. (2008) reported that in the
COMBINE trid, the act of taking a pill and receiving alow-level intense behavioral therapy
caused asmall but significant decrease in drinking beyond that of a group that never took
pills. However, there is dramatic improvement in drinking from baseline to treatment that,
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for the most part, is not explained by the act of taking a placebo tablet. For example, in the
COMBINE tria, Anton et al. (2006) reported that the percent days abstinent in the placebo
group (which received low intensity medical management and placebo) increased from 24
percent at baseline to 74 percent during treatment, a change just slightly greater than that
found in agroup that did not take pills during treatment (24 percent at baseline versus 67
percent during treatment). The vast difference between baseline and treatment valuesis
observed in amost all the alcohol clinical trials, including pharmacological and
nonpharmacological (behavioral) trials (Project MATCH Research Group, 1997).
Interestingly, there appears to be as much reduction in drinking before the start of the study
as during treatment itself. For example, in arecently-completed NIAAA multi-site trial of
quetiapine, where subjects had a choice of reducing, stopping, or continuing to drink before
randomization, subjects decreased their average daily alcohol consumption by 56 percent
during the 30-day period prior to randomization (NCIG, unpublished results).

The exact causes for these nonspecific decreases in drinking before and during an alcohol
clinical trial are unclear. For example, nonspecific causes could include patient contact with
staff, expectations, conditioning, motivation, and reward (Finniss et al., 2010). Mitigating
the placebo effect, most likely, will help to improve sensitivity in the detection of treatment
differences between the experimental medication and placebo groups.

Objective 5: Advance Personalized Medicine in Pursuit of New
Therapeutics

Personalized medicineislikely to have a prominent role in healthcare over the next several
decades (Burrill et al., 2010; Schadt, 2010). Within the next 5 to 10 years, it will be possible
to determine a person’ s entire genome (DNA), transcriptome (RNA), and chemical
epigenetic modifications of that genome within minutes and for less than $100 (Schadit,
2010). This new information will help fuel a movement toward specialized treatment of
disease based on the presence or absence of specific genetic and other biological risk factors.
Even today pharmacogenomic testing is being conducted to evaluate the safety of various
medications for the treatment of numerous medical disorders, including cancer, bipolar
disorder, epilepsy, depression, and hypertension (Lazary et a., 2011).

In the treatment of alcoholism, it is clear that no single treatment is effective for every
individual. A more efficient approach is to personalize the treatment of each individual by
matching specific interventions to his or her profile. A profile may consist of individual
patients demographic characteristics; physiological/biochemical indicators; genome/
transcriptome/epigenetic characteristics; cultural indices; and behavioral experience. These
individual profiles eventually could be linked to different components of alcohol
dependence (e.g., reward, negative affect, craving), as addressed earlier. During the next
decade, development of an algorithm that combines these various elements may be the next
step in predicting patient response to specific treatments.

Although the application of pharmacogenetics to the treatment of alcohol dependence has
only just begun, it represents a fruitful area of research for the next decade (Hutchison,
2010; Kranzler and Edenberg, 2010; Heilig et al., 2011). For example, Odlin et a. (2003)
first suggested that the A118G variant of the mu-opioid receptor gene (OPRM1) is
associated with greater reductions in drinking in alcohol dependent patients treated with
naltrexone. This finding was then replicated in a secondary analysis of the large NIAAA
sponsored COMBINE tria (Anton et a. 2008), although replication has not been consistent
(Gelernter et a. 2007). The OPRM1 variant’s ability to influence alcohol reward and boost
naltrexone’ s effects also is supported by elegant human laboratory studies (Ray and
Hutchison 2007; Ray and Hutchison 2004). The mechanisms underlying this variant’s
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ability to moderate naltrexone's effects have been suggested by a series of trandational
studies in non-human primates (Barr et a., 2007 and 2010), humans, and genetically
modified mice (Ramchandani et a., 2011). Collectively, these studies suggest that
naltrexone acts on the dopaminergic brain reward systems, which are preferentially activated
by alcohol in OPRM1 118G carriers. These findings raise the possibility that what seems to
be asmall effect size for naltrexone in the general patient population may, in fact, be
particularly efficaciousin this genetically defined subpopulation (Heilig et al., 2011).

Genetic moderators of treatment efficacy are likely to become the rule rather than the
exception. For instance, Johnson et a. (2011) recently found that two polymorphisms within
the serotonin transporter (5-HTT) gene can alter an individual’ s response to ondansetron.
The two sites include the 5’ -regulatory region with along form (L) that possesses 44
additional base pairs versus the short (S) form (LL versus LS/SS) and another site, rs
1042173 (TT versus TG/GG), in the 3’ -untranslated region of the 5-HTT gene.
Interestingly, the investigators reported an interaction between these two sites, whereby the
LL and TT significantly increased the effect size of ondansetron. Kranzler et al. (2011)
reported that the LL variant of the 5-HTT gene had an effect on the responsiveness to
sertraline in alcohol dependent patients. The late-onset alcoholics with the LL variant
reported fewer drinking and heavy drinking days with sertraline, whereasthe LL early-onset
alcoholics experienced heavier drinking than that of the matched placebo. In arecent study,
Kiefer et al. (2010) found that a variation of the GATA binding protein 4 (GATA4) gene
influences an individual’ s response to acamprosate. In another study, Hutchison et al. (2006)
showed that olanzapine-treated alcohol dependent subjects with the seven-repeat allele of
the dopamine 4 receptor (DRD4) displayed greater reductions in alcohol craving and
decreased alcohol consumption than olanzapine-treated individual s without the seven-repeat
alele. Finally, pharmacogenomics is not only important in determining efficacy, but also in
identifying those who might suffer from adverse side effects. In arecent study, asingle
nuclectide polymorphism (SNP) variant in the intron 9 of the glutamate receptor GIuR5
gene (GRIK1) was associated with a higher severity of topiramate-induced side effects (Ray
et a., 2009).

Research that focuses on matching patients to specific treatments during the next decade
will, without a doubt, be a high priority. It also carries some of the greatest challenges.
Identifying treatment effects that are restricted to carriers of minor (less common) aleles
raises particular challenges for the design and analysis of clinical trials. Nonetheless, the
progress made thus far in the field of pharmacogenomics is encouraging. Laboratory-based
studies that use a priori genetically defined populations and surrogate biomarkers of
efficacy, such as brain activations responding to alcohol-associated stimuli or alcohol-
induced dopamine release, are particularly well positioned to guide later stage clinical
development. During the next decade, both pharmacogenomics and pharmacogenetics will
play a prominent role in developing newer and safer medications for a cohol dependence.

Objective 6: Facilitate adaptation of Alcohol Dependence Medications in
Treatment Settings

One of the greatest hurdles facing medications development may be the fact that while four
medications have been approved by the FDA to treat alcoholism, their use, so far, has been
limited (Knudsen et al., 2011; Mark et al., 2009). For example, in 2007, in the United States,
approximately 720,000 prescriptions were written for AUD medications, representing a
sales volume of 78 million dollars (Mark et a., 2009). Thisis quite low considering that
there are approximately 18 million Americans suffering from AUDSs. To put thisin
perspective, the antidepressant L exapro had a sales volume of 1.7 billion dollarsin 2004
even though the number of U.S. adults suffering from major depression is similar to those
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suffering from AUDs (Mark et al., 2009). Despite the relatively low uptake of acohol
medications, their useis growing. For instance, compared to 2003, the number of
prescriptions of alcohol medications increased 83 percent during the following four years
and the sales volumes increased 2.5 fold. Thisincrease was attributed to the introduction of
acamprosate, which has become the market leader for alcohol medications (Mark et al.,
2009).

There are many reasons why medications are not used more frequently to treat alcohol
dependence in the United States, including a simple lack of awareness about the medication,
weak marketing efforts, perceived lack of efficacy, refusal of patients to take medication,
high cogt, side effects, lack of patient demand, shortage of physiciansin addiction treatment
settings, and lack of organizational support in promoting medications for alcohol treatment
(Mark et al., 2003aand b; Thomas et al., 2003 and 2008; Knudsen et a ., 2011).

Accordingly, one of the long-range goals for the next decade isto develop an infrastructure
to facilitate medication use in real-world practice settings. Thisincludes educating the public
and health care professionals, emphasizing the benefits of alcohol medications, and de-
stigmatizing the illness of alcohol dependence. Other goals include developing arapid and
easy screening measure for detecting alcohol problems (Smith et al., 2009) and providing
parity of insurance coverage. The 2010 Patient Protection and Affordable Care Act (part of
the health care reform) should provide numerous opportunities to make treatment more
accessible and affordable. Finally, medication use to treat alcohol dependence will,
undoubtedly, increase as the number of FDA-approved medications and their marketing
levelsincrease. It also isvital that research continues to further define the barriers aswell as
effective strategies for offsetting those barriersin specialty addiction, primary care, and
mental health care settings.

Ultimately, development of therapeutics that are highly effective and well tolerated will be
the main driver of expanding pharmacotherapy of acohol dependence. In the age of the
Internet, once such medications are available, well-informed patients will create a demand
for their use that simply will have to be met.

Objective 7: Facilitate Collaborative Networks and Partnerships among
Government, Academia, Pharmaceutical/Biotechnology Companies,
Healthcare Organizations, and Advocacy Groups

Building an effective medications devel opment program is too big atask for any one
government agency, pharmaceutical/biotechnology company, or other stakeholder
organization. Establishing private-public partnershipsis vital for accomplishing the
objectives outlined here. For example, involvement of pharmaceutical companiesis
necessary for carrying out the large confirmatory trials required for obtaining FDA approval;
NIAAA and academia are essential for discovering targets and validating screening models;
and healthcare organizations and advocacy groups play an important role in getting
medications into mainstream medicine.

Private-public partnerships also can fill in the gapsin the drug development process. For
example, several academic alcohol researchers have devel oped novel compounds that have
shown promise in anima models (Barron and Littleton, 2011; Overstreet et a., 2003; Wang
et al., 2002; Ningargj et al, 2001). However, most of these researchers do not have the
resources to carry out the studies required to obtain an IND for testing in human studies. As
apossible scenario, a pharmaceutical company could step in, agree to share intellectual
property rights, and use their resources to obtain an IND and begin Phase 1 safety studies.
NIAAA then could agree to conduct the proof-of-concept trial through the NCIG program,
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taking some of the risks that would, if the results are positive, provide additional incentive
for the company to proceed to larger trials.

Such private-public partnerships also offer advantages for the pharmaceutical industry,
which recently has begun to remodel its structure for drug development (Agres and Gwynne,
2010). Under the current system, the cost of drug development has increased dramatically,
innovation of new compounds has stalled, and sales growth has remained flat (Munos,
2009). New strategies among the pharmaceutical companies include developing
collaborative research projects with government and academia (Munos and Chin, 2009 and
2011). Undoubtedly, developing collaborative networks and partnerships will provide more
opportunities and choices for alcohol drug development. In the end, the ability of everyone
to work together efficiently will determine how quickly we are able to overcome the many
challenges of drug development and, most importantly, how quickly we are able to provide
more effective medications to the public.

Final Thoughts

Over the last two decades, significant advances have been made in medications devel opment
to treat alcoholism. Nonetheless, much work remains and with many exciting opportunities.
These include discovering new molecular targets for drug development, validating animal
and human lab screening models, exploring pharmacogenomics for personalized medicine,
improving the methodology of alcohol clinical trias, building an infrastructure for research,
and engaging public support for the use of medications in the treatment of alcoholism.

The future holds considerable promise. To be successful, however, we must make the
process of drug development more efficient, in terms of time, cost, and predictability—from
partnering with pharmaceutical companies and improving signal detection in alcohol clinical
trials, to devel oping effective approaches for facilitating the use of medicationsin
specialized, primary, and mental health settings. To carry out these goals, the NIAAA
Medications Team has identified seven objectives for the coming decade. These objectives
will enable us to realize our vision of producing several new alcohol medications during the
course of the next decade. While these goal s face considerable challenges, as outlined
above, it isvital that we remain focused, make rational decisions and, perhaps most
importantly, work together as ateam. By doing so, we will improve treatment for patients
with alcohol dependence, their families, and the public health in general, both in the United
States and throughout the world.
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Table 1

Targets of Interest for Alcohol Dependence Medications

Receptors Representative Compounds Status

5 HT3* ondansetron Preclinical, clinical
5HT2" olanzapine Preclinical, clinical
adenosine A2a DMPX Preclinical
adrenergic al® prazosin Preclinical, clinical
AMPA/GABAa receptor * topiramate Preclinical, clinical
CRF1 antalarmin, MTIP, Pexacerfont, GSK561679 | Preclinical, clinica
GABA-A RY 023 Preclinical
GABAB" baclofen, CGP7930, GS39783, BHF177 Preclinical, clinical
cLT1? ceftriaxone Preclinical
mGIuRs MTEP Preclinical
nAChRs” varenicline, CP-601932 Preclinical, clinical
NK1¥ LY 686017, Aprepitant Preclinical, clinical

NMDA Receptors*

neramexane, memantine

Preclinical, clinical

NOP 0S-462, UFP-102, UFP-112 Preclinical

NPS receptor NCG-0018568403 Preclinica

NPY1, NPY2 BIIE0246, INJ-31020028, Preclinica

opioid receptors” nalmefene, naltrexone Preclinical, clinical
DOR SoRI-9409, TAN-67 Preclinical
KOR Nor-BNI Preclinical

OX1, OX2 SB-334867, INJ-10397049 Preclinical

p2xa” lvermectin Preclinical

Vasopressin 1b nelivaptan (SSR 149415) Preclinical

Other Targets

ALDH-2 CVT-10216 Preclinical

GDNF noribogaine Preclinica

Glycine transporter, GlyT-1 Org 25935 Preclinical, clinical

HDAC”

SAHA, trichostatin A

Preclinica

L—type calcium channel auxiliary subunit, GABA modulator

gabapentin, pregabalin

Preclinical, clinical

mTORC1” rapamycin, Preclinical
Neuroimmune modul ation minocycline, ibudilast, pioglitazone Preclinical
PDE4* rolipram Preclinical
PKC—epsilon proprietary Preclinica
Serotonin—norepinephrine transporter duloxetine Preclinical, clinical
Sigma-1 receptor NE-100 Preclinica

Addict Biol. Author manuscript; available in PMC 2013 May 01.

Page 21



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Littenetal. Page 22

5-HT, 5-Hydroxytryptamine ; ADL H, aldehyde dehydrogenase; AM PA, a—amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CB,
cannabinoid; CRF, corticotrophin releasing factor; DOR, d-opioid receptor; GABA, gamma—aminobutyric acid; GDNF, glial derived neurotrophic
factor; GLT1, glutamate transporter 1; HDAC, Histone deacetylase; KOR, &—opioid receptor; mGluR, metabotropic glutamate receptor; MOR,
p—opioid receptor; mTOR1, mammalian target of rapamycin complex 1; nAChR, nicotinic acetylcholine receptors; NK, neurokinin; NOP, opioid
receptor-like 1; NPS, Neuropeptide S; NPY, neuropeptide Y; OX, orexin receptor; P2X4, purinergic receptor P2X, ligand—gated ion channel, 4;
PDE: phosphodiesterase; PK C, protein kinase C.

*
FDA-approved compounds available for this target.
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Table 2
Effects of Clinically Effective Medications on Animal Models of Alcohol Addiction

Page 23

Animal Model Naltrexone | Acamprosate | Topiramate
Alcohol self-administration ! No effect 0
Conditioned place preference { ! No effect
Acute Reinforcing Effects of Alcohol Alcohol deprivation effect f 1 f
Increased al cohol self- administration (dependent ' ' !
animals)
Anxiety-like responses No effect 0 i
Withdrawal/Negative Affect
Conditioned place aversion No effect ™ Not reported | Not reported
Stress-induced reinstatement No effect Not reported s
Relapse to Heavy Drinking Alcohol-induced reinstatement ! Not reported | Not reported
Cue-induced reinstatement Y ! Not reported

Data based on Egli, 2005 and Koob et al., 2009.
*
Naloxone had no effect on expression of conditioned place aversion, but enhanced acquisition.

7LTopi ramate reduced stress enhanced ethanol drinking in C57 mice.
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