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Introduction:

The Petitioner’s/Declarant’s Ground 1, 4, 7 arguments regarding the obviousness of
‘813’s independent claims are completely illogical and are generated by two “types”
of “hindsight arguments.” The first of these “types,” which involves the Ground 1
argument, is “reasoned forward” from a point in time over several decades ago
while completely disregarding the art related to the use of stimulants, particularly
amphetamines, in treatment of obesity over those several decades. The second of
these “types,” which involves the Ground 4/7 arguments, is “reasoned backward”
from the time of the invention over several decades while completely disregarding
the art related to the treatment of Bulimia Nervosa over those several decades.
Lastly, the Petitioner’s Ground 1, 4 and 7 arguments can be seen for both their frank
irrationality and hindsight construction in view of the “art of stimulants, specifically
LDX,” as it would have been understood by a POSA at the time of the invention.

Regarding Ground 1:

Petitioner’s/Declarant’s Ground 1 argument rests on the premise featured in
Appolinario’s line of reasoning, namely, that a POSA at the time of the invention
would have been motivated to apply Appolinario’s teaching of “centrally-acting anti-
obesity agents” in the treatment of BED to “other centrally-acting anti-obesity
agents” and would have had a “reasonable expectation of success” in the treatment
of BED by doing so. After all, all seven the RCTs featured in Appolinario involved
“overweight” or “obesity” patients, two of which specifically involved treatment
with “anti-obesity agents” (i.e., d-fenfluramine, sibutramine) -- and, at the time of
the invention, it was self-evident to anyone in the art of eating disorders that one of
the most common features of BED (though not a DSM-IV-TR criteria/symptom in its
diagnosis) was its strong association with obesity. It bears mention that from the
perspective a POSA at the time of the invention, BED’s relationship to obesity was
practically inextricable, as prominently evidenced in Petitioner’s/Declarant’s
Exhibits as briefly highlighted below, which speaks to a key motivational driver for
why a POSA would have regarded an “anti-obesity agent” as a reasonable “starting
place” for considering treatment in the first place, but especially in view of
Appolinario’s characterization of d-fenfluramine (vis-a-vis Stunkard, Exhibit 1044)
and sibutramine (vis-a-vis his own clinical trial, Exhibit 1046):

1) 1995 Marrazi’s “Binge Eating Disorder: response to naltrexone” (Exhibit
1024, p. 2, - first two sentences of abstract), “Binge Eating Disorder (BED) is
characterized by a bulimic binge eating pattern without compensatory
behaviors of purging or laxative abuse. It is often associated with obesity.”

2) 1996 Stunkard’s d-fenfluramine Treatment of Binge Eating Disorder
(Exhibit 1044, p. 2. Col. 1, second paragraph), “Most patients with binge
eating disorder are obese, and it has been reported that the disorder affects
as many as 30% of patients entering weight reduction programs...”
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3) 1999 Brewerton'’s “Binge Eating Disorder: Diagnosis and Treatment
Options” (Exhibit 1037; abstract, p. 1), “The chronic, recurrent binging
associated with BED is thought to typically lead to obesity and its
accompanying morbidity and mortality.”

4) 2002 Arnold’s “A Placebo-Controlled, Randomized Trial of Fluoxetine in the
Treatment of Binge Eating Disorder” (Exhibit 1030, p. 2. Col. 1, first parag),
“Binge eating disorder is frequently associated with obesity and psychiatric
comorbidity, most commonly major depressive disorder.”

5) 2002 Malhorta’s “Venlafaxine Treatment of Binge Eating Disorder
Associated with Obesity: A Series of 35 Patients” (Exhibit 1949, p. 2, second
sentence of “Background”), “It [Binge Eating Disorder] commonly co-occurs
with overweight and obesity.”

6) 2002 Appolinario’s “An Open-Label Trial of Sibutramine in Obese Patients
with Binge Eating Disorder” (Exhibit 1021, p. 2, Col 1, “background”),
“Binge Eating Disorder is a common diagnosis among patients who seek
treatment for obesity. There are scant data about the efficacy of novel anti-
obesity agents for binge eating disorder.”

7) 2003 Carter’s Pharmacologic Treatment of Binge Eating Disorder (Exhibit
1054, p. 1, “Introduction” - first two sentences), “Binge Eating Disorder
(BED), the most common eating disorder, is associated with significant
morbidity. Individuals with BED are often overweight or obese.”

8) 2003 Appolinrio’s “A Randomized, Double Blind, Placebo-Controlled Study of
Sibutramine in the Treatment of Binge Eating Disorder” (Exhibit 1046, p. 2,
first parag), “Although BED is not limited to obese individuals, it is a common
diagnosis in this group, especially among patients seeking treatment for
obesity.”

9) 2004 Appolinario’s “Pharmacological Approaches in the Treatment of Binge
Eating Disorder” (Exhibit 1020, p. 1 - second sentences of abstract), “BED is
usually associated with overweight or obesity and psychopathology. ”

10)2005 Milano’s “Use of Sibutramine, an Inhibitor of the Reuptake of Serotonin
and Noradrenaline, in the Treatment of Binge Eating Disorder” (Exhibit
1022, p. 1 - abstract), “Binge Eating Disorder, which is characterized by
repeated episodes of uncontrolled eating, is common in obese patients and is
often accompanied by comorbid psychiatric disorders, especially depression.
... Sibutramine, a new serotonin and norepinephrine reuptake inhibitor, has
shown in the short and long term to be effective in promoting and
maintaining weight loss in obese patients who have binge eating
disorder.”
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11) 2006 The APA’s 2006 “Treatment of Patients with Eating Disorders”
(Exhibit 1031, p. 73), “Binge Eating Disorder occurs in about 2% of
community cohorts and is common among patients seeking treatment for
obesity at hospital-affiliated programs (1.3%-30.1 prevalence)....”

As it places BED and obesity in their clinical context historically, Stunkard’s 1959
“Eating Patterns and Obesity” discussed “certain theoretical and clinical aspects of
the problem of overeating and obesity” (Exhibit 1040, p. 12). And 33 years later, in
1992, Spitzer’s “Binge Eating Disorder: Its Further Validation in a Multisite Study”
evaluated patients from weight loss programs, about a 1/3 of which met diagnostic
criteria for BED as defined by proposed criteria for the DSM-IV (p. 137, Abstract; p.
139, Table 1). Spitzer writes, “BED was strongly associated with severe obesity and a
history of unstable weight.....” (p. 139). One year after Spitzer’s study but one year
before Binge Eating Disorder formally entered the DSM-IV (with its own specific
diagnostic criteria, as in Exhibit 1026, p. 11), Yanovski’s “Binge Eating Disorder:
Current Knowledge and Future Directions” (published in “Obesity Research”)
writes, “While relative uncommon in the general community, BED becomes more
prevalent with increasing obesity.” (p. 306, Abstract). Thus, BED’s historical
trajectory locates its place in the art alongside obesity, an important feature of the
art as it relates to the art of treating patients with stimulants, particularly
amphetamines.

In view of the art of stimulant drugs, of which amphetamines (and therefore LDX
dimesylate would have been a part), and the art of obesity treatment which self-
evidently bears on BED as evidenced in Appolinario’s line of reasoning, it would
have been bizarre for a POSA at the time of the invention to even draw on Mickle’s
art in the first place, as the Ground 1 argument describes. The simple reason is that
amphetamines, including drugs whose active ingredient is “d-amphetamine” (like
LDX dimesylate), would have been long been disregarded in the collective
consciousness of the broad medical community as suitable treatments for obesity,
and particularly in the individual consciousness of a POSA such as that characterized
by Petitioner/Declarant. At the time of the invention, stimulants would have long
been known in the art to be avoided as “anti-obesity agents” because of their
significant risks despite their use as such for decades (1930s-1960s). In this
respect, the Petitioner’s/Declarant’s “hindsight argument” is premised on a “state of
the art” of “pharmacologically managing obesity” as it would have existed sometime
in the temporal vicinity of, perhaps, the 1960s or earlier. As a result, the Petitioner’s
line of reasoning to get to the “obviousness of ‘813’s independent claims” takes a
“reasoning forward approach” that establishes its “state of the art” quite far back in
time and then dismisses over several decades of medical advancement between that
time and ‘813’s filing.

The best way to establish this, and therefore to demonstrate the shear irrationality
of the Petitioner’s/Declarant’s Ground 1 obviousness argument, is to simply look at
“the art of amphetamines as anti-obesity agents” in view of “the art treating
obesity.” Of course, one could simply look at the Declarant’s/Petitioner’s prior art of
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Ioannides-Demos, “Pharmacotherapy of Obesity” (Exhibit 1011) which explicitly
indicates that “amphetamines; dexamphetamine [active ingredient of LDX
dimesylate]; methamphetamine” were “banned, restricted or discouraged because of
dependency and abuse potential, cardiovascular effects” (p. 4, Table 1) as a
pharmacologic treatment of obesity. Or one could simply consider loannides-
Demos’ “state of the art teaching” from 2005 that “the use of amphetamines has been
severely restricted [as a ‘therapeutic treatment for weight loss and obesity’] because of
their addictive and psychosis-inducing potential” (Exhibit 1011, p. 4) in view of the
Declarant’s 1997 Medscape publication “Binge Eating Disorder: Recognition,
Diagnosis, and Treatment” wherein he writes, “There are no published reports on the
use of psychostimulants in the treatment of BED. Even though acutely administered
stimulants suppress binge eating, the risks of addiction and the possible induction of
affective and psychotic symptomatology make this agent class undesirable as a
therapeutic tool.” (p. 8). Butitis the medical history, already built into the most
basic assumptions on which a POSA at the time of the invention would have
reasoned to treat patients with agents such as LDX dimesylate, that reveals just how
illogical the Petitioner’s/Declarant’s Ground 1 obviousness argument actually is, so
itis recorded here for posterity. The art learns as much from its failures as it does
from its successes. And, to be sure, nowhere is this better evidenced in the art than
in the use of amphetamines for the treatment of obesity.

Coleman’s 2005 “Anorectics on Trial: A Half Century of Federal Regulations of
Prescription Appetite Suppressants” chronicles the use of amphetamines in the
treatment of obesity, including the FDA’s regulatory climate across many decades
dating as far back as 1938. In particular, Coleman highlights the 1970s as
representing a time when the FDA reconsidered the widespread use of
“amphetamines” and “amphetamine congeners” for the treatment of obesity, in view
of their risks. He also highlights how, by the mid-1990s, the FDA’s position
“transition[ed] to [a] long-term treatment of obesity,” as obesity itself had been
increasingly appreciated in the medical community as a chronic condition
associated with chronic medical comorbidties (p. 382, Col. 2, p. 383, Col. 1). Itis this
temporal period, in particular, that establishes the proper context for understanding
what Appolinario meant when he regarded d-fenfluramine and sibutramine as "anti-
obesity agents,” as BED was taking its own stage diagnostically in the DSM-IV and in
strong association with obesity. Coleman details the history of d-fenfluramine and
sibutramine, their clinical profiles, and their FDA approvals for the treatment of
obesity (p. 382, Cols. 1-12). And, needless to say, there is no mention of stimulants
such as those used to treat ADHD (i.e., amphetamines, methylphenidate) in the
treatment of obesity since that period of the 1970s, itself testimony to their clinical
place in the collective and individual consciousness of those who would have
prescribed such drugs as “anti-obesity agents.”

The prevalence of “amphetamines” as “weight loss drugs” until the 1970s is also
featured in Rasmussen’s 2008 “America’s First Amphetamine Epidemic 1929-1971.”
Rasmussen characterizes the “mainly iatrogenic amphetamine epidemic” in the
United States from the 1940s through the 1960s, including its shifted in the opposite
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direction in the 1970s when “the FDA was narrowing legitimate uses of
amphetamines, retroactively declaring the drugs to be unproven efficacy in obesity
and depression” (p. 980, Col. 1). Coleman’s “FDA Regulation of Obesity Drugs: 1938-
1999” slide presentation, as identified for the FDA’s “Endocrinology and Metabolic
Drugs Advisory Committee” meeting of September 8, 2004, provides a bullet-point
historical overview of “amphetamines as anti-obesity agents” including a “1979
Federal Register notice calling for removal of the obesity indication of amphetamines.”
(Slide 15). Simply from a regulatory and medical liability perspective, a POSA’s
motivation to prescribe, specifically, an “amphetamine drug” for the “treatment
of obesity,” would have been severely dampened as early as the early 1970s though
perhaps fully extirpated by 1980.

Coleman’s 2012 “Food and Drug Administration’s Obesity Drug Guidance Document:
A Short History” and Hutchinson’s “Obesity Pharmacotherapy from a Regulatory
Perspective: Overview and Key Challenges” both highlight the “1996 FDA Draft
Guidance for the Clinical Evaluation of Weight-Control Drugs” that was to
characterize the “art of obesity pharmacotherapy” (i.e., “the art of ‘anti-obesity
agents’”) for the decade preceding ‘813’s filing with, as would be expected, certain
modifications along the way. Particularly, the 1996 FDA Obesity Drug Guidance
called for the “treatment population” to be moderately to markedly obese with
BMI>30 kg/m2 or >27 k/m2 if accompanied with weight-related comorbidities such
as hypertension, dyslipidemia, and type 2 diabetes (Hutchinson, p. 756, Col. 2;
Coleman p. 2157, Col. 2). With respect to Petitioner’s Ground 1 argument, the BMI
parameters can be appreciated in view of Petitioner’s/Declarant’s reference of
Appolinario which features “obesity” with “BMI>30" in the RCTs that established
sibutramine and d-fenfluramine as successful drugs in treating BED (Exhibit 1020,
p. 5, See Table 1 “Diagnosis” and explanatory comments under table). Additionally,
FDA guidance for anti-obesity drugs included one year of clinical trial efficacy in
randomized controlled studies with open-label drug exposure during a second year
(Hutchinson, p. 757, Col. 1; Coleman p. 2157, Col. 2). Clearly, the medical and
regulatory community was converging in their view of “obesity” as a “chronic
disease” with safety considerations paramount in the use of “anti-obesity agents” for
its treatment, itself something that can be appreciated all the more as the anti-
obesity drug d-fenfluramine was withdrawn from the market in 1997 because of
cardiac toxicity/pulmonary hypertension concerns. The drug had only been
approved by the FDA in 1996. These medical developments were thus being built
into the assumptions and reasoning upon which, and through which, POSAs would
be motivated to use an “anti-obesity agent” from a time well-before ‘813’s filing.

As any reasonable person familiar with art of “anti-obesity agents” would appreciate
in view of its plainly written history, the shift in regulatory climate “away from”
specifically “amphetamines” as a treatment of obesity was concurrent with “art of
obesity management” that increasingly taught to its risks. It would not have taken a
POSA at the time of the invention to understand that the primary risks of
“amphetamines” in the treatment of obesity that discouraged their use as such were
two-fold: 1) abuse and/or dependence risk and 2) cardiovascular risk. But for the
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written record, it is worth noting that his is perhaps most succinctly stated in
Petitioner’s/Declarant’s cited art of [oannides-Demos article on the
“Pharmacotherapy of Obesity” wherein “amphetamines; dexamphetamine;
methamphetamine” are “banned, restricted or discouraged because of dependency and
abuse potential, cardiovascular effects” (Exhibit 1011, p. 4, Table 1). But the history
bears comment. At the time of the FDA’s 1996 draft guidance on “anti-obesity
drugs,” the National Task Force on the Prevention and Treatment of Obesity
published “Long Term Pharmacotherapy in the Management of Obesity” in the
prestigious journal JAMA in 1996, writing, “Amphetamines and closely related
compounds are not recommended for the treatment by most experts because of their
high potential for abuse.” (p. 1908, Col. 2). The sentiment was echoed in the 2004
(updated 2007) publication [‘Prescription Medications for the Treatment of Obesity
from the HHS/NIH/NIDDK that specifically cautioned, “NOTE: Amphetamines are a
type of appetite suppressant. However, amphetamines are not recommended for use in
the treatment of obesity due to their strong potential for abuse and dependence.” (p.
3). Notably, the HHS/NIH/NIDDK document identifies drugs that “may be
prescribed for weight loss” including those that are “FDA approved” or “not
approved.” (p. 2, Table 1). Self-evidently, “Schedule II” drugs like amphetamines
(including d-amphetamine as in LDX dimesylate) and methylphenidate, which have
high abuse/dependence potential, are nowhere featured, something that any POSA
as defined by the Petitioner/Declarant at the time of the invention would have
understood -- simply because of their risk and the how that risk determination
already would have been built into the way they would have reasoned at the time of
the invention.

n‘

The same characterization of “anti-obesity drugs” can be found in Ryan’s|chapter on
“Pharmacological Agents in the Treatment of Obesity” in “Obesity and Mental
Disorders”(2006) which, not surprisingly, features many of the same “anti-obesity
agents” as the HHS/NIH/NIDDK document and also identifies their DEA Schedules.
Of course, there are no Schedule II drugs listed such as would be in the “class of
drugs” widely known as “stimulants” that, at the time of the invention, any
M.D./psychiatrist would have understood to be broadly validated for the treatment
of ADHD. Ryan even identifies the troubled history of anti-obesity drugs saying
what any M.D,, regardless of their specialty, would have said at the time of the
invention, “Thus, caution must be used in accepting any new drugs for the treatment
of obesity, unless the safety profile would make it acceptable for almost everyone.” (p.
262). With respect to “amphetamines” -- and “d-amphetamine” in particular -- Bays
perhaps sums it up most comprehensively in his art of “Current and Investigational
Antiobesity Agents and Obesity Therapeutic Treatment Targets,” published in the
journal Obesity Research in August 2004, when he writes, “Amphetamines
(dextroamphetamine) have been used as antiobesity drugs, but can cause
unacceptable tachychardia and hypertension. They also have a high rate of abuse
potential and do not have a US Food and Drug Administration indication for the
treatment of obesity.” (p. 1198, Col. 1).

With these rudimentary features of the art view, any reasonable person can
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appreciate how the Petitioner’s/Declarant’s Ground 1 argument is established
through a “circa 1960s and earlier state of the art lens” for the “treatment of obesity
with amphetamine drugs.” And it also serves to further clarify just how irrational
the Petitioner’s/Declarant’s Ground 1 argument is as it would have been understood
particularly by a POSA at the time of the invention. Beginning with “CV risk” in the
“treatment of obesity,” a POSA at the time of the invention would have appreciated
the clinical profile of the kind of patient who would have been taking an “anti-
obesity drug” like Appolinario’s sibutramine in the first. Borders-Hempill’s FDA
utilization analysis of sibutramine, which looks at the clinical profile of patients who
would have been prescribed siburtramine at the time of the invention (because her
analysis is based on such patients wherein sibutramine has been prescribed),
reveals the obvious. There are concurrent cardiovascular diseases and risk factors
for CV disease. The “concurrency” of CV disease/risk factors in patients receiving
sibutramine is featured in Slide 13 with comorbid HTN (65%) leading the list,
followed by lipid disorders (63%), diabetes (26%), ischemic heart disease (11%),
arrhythmia (9%), and congestive heart failure (3%). Of course, a POSA at the time
of the invention would have also recognized that such a profile is essentially the
same as that of a patient with BED, as the Declarant highlighted in his 1999 “Binge
Eating Disorder: Diagnosis and Treatment Options” (Exhibit 1037), “Medical
conditions associated with BED are essentially the same medical conditions associated
with obesity, including higher mortality and morbidty of adult-onset (type 2) diabetes,
hyperlipidemias, cardiovascular diseases, several cancers and sleep apnea.” (p. 3, Col.
1; p. 4. Col. 1). Or as the Declarant highlighted in his 1997 Medscape publication
“Binge Eating Disorder: Recognition, Diagnosis, and Treatment” wherein he writes,
“The medical comorbidity associated with BED is essentially the same as that
associated with obesity, including increased morbidity and mortality from
cardiovascular disease, hyperlipidemia, adult-onset diabetes mellitus, and certain
cancers, such as endometrial and breast cancers. This risk increases linearly as weight
or body mass index (BMI; weight divided by height squared, or kg/m?) increases.” (p.
3) Notably, Borders-Hempill’s analysis provides a breakdown of BMI in these
sibutramine patients across age and, not surprisingly, regardless of age BMI>30
(“obese”) in the vast majority (i.e.,, >70% across all ages, slide 8).

Across many lines of evidence, any reasonable person in view of basic features of
the art’s teachings would see that a POSA at the time of the invention would have
simply regarded a d-amphetamine-based drug like LDX dimesylate as too high risk
to use as an “anti-obesity agent” for the treatment of BED wherein “obesity” was
clinically regarded as the “rule rather than the exception” in BED. Appolinario’s
“logic,” as applied to Mickle, would have actually strongly dissuaded a POSA at the
time of the invention to apply Mickle’s teaching of LDX dimesylate as an “anti-
obesity agent” for the treatment of BED, which sheds light on just how arbitrarily
and illogically reasoned the Petitioner’s/Declarant’s Ground 1 argument actually is.
But the deep flaws in Petitioner’s/Declarant’s Ground 1 argument are made even
more obvious in view of LDX dimesyslate’s drug label at the time of the invention
(Exhibit 1002, as referenced specifically below). Considering the “CV risk reason,”
as Bays identifies for the disfavored status of “amphetamines” in the treatment of
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obesity, at the time of the invention LDX dimesylate’s drug label featured:

1) a “black box warning” specifically warning on its CV risk, “MISUSE OF
AMPHETAMINE MAY CAUSE SUDDEN DEATH AND SERIOUS
CARDIOVASCULAR ADVERSE EVENTS” (Exhibit 1002; p. 756, Caps and
bold per drug label),

2) asection on “CONTRAINDICATIONS” that explicitly writes, “Advanced
arteriosclerosis, symptomatic cardiovascular disease, moderate to severe
hypertension....” (Exhibit 1002, p. 759, caps/bold per drug label), and

3) a “WARNINGS” section that features “Serious Cardiovascular Events” and
“Sudden Death and Pre-existing Structural Abnormalities or Other
Serious Heart Problems” in children and adults, as well as “Hypertension
and other Cardiovascular Conditions” (Exhibit 1002, p. 760, caps/bold
per drug label).

Surely, it doesn’t take a POSA to realize that a POSA, at the time of the invention,
would not have relied on Mickle’s patent, as characterized in the Ground 1
argument, for information about LDX dimesylate’s clinical/(safety) profile and its
potential application as an “anti-obesity agent.” A POSA at the time of the invention
would have considered LDX dimesylate in view of its proper clinical context, its
proper therapeutic application, its active drug ingredient d-amphetamine and,
importantly, its drug label, particularly as LDX dimesylate was new drug on the
market at the time of the invention with very little art behind it. Yet the
Petitioner’s/Declarant’s Ground 1 argument is premised on a POSA’s strong
motivation to completely disregard LDX dimesylate’s drug label which explicitly
features the kinds of “CV risk warnings” that would have strongly discouraged a
POSA to use LDX dimesylate as an “anti-obesity agent” in patients with a disorder
prominently associated with obesity.

The Petitioner’s/Declarant’s Ground 1 argument can also be appreciated for its
irrationality and “reasoning forward blind to several decades of art” hindsight
construction on the basis of the decades-long history strongly discouraging the use
of amphetamines, including d-amphetamine, as a treatment of obesity because of
their abuse/dependence risk. Regardless of Mickle’s characterization of LDX as
having “less abuse potential” in view of other stimulants at the time of the
invention, the fact of the matter is that LDX dimesylate’s active ingredient is d-
amphetamine. This is how the drug works in the brain and on
dopamine/norepinephrine receptors in particular, though particularly on dopamine
as it regards addictive potential. This is characterized in LDX dimesylate’s drug
label, as it would have been expected of an amphetamine (or any stimulant drug for
that matter) at the time of the invention. Specifically there is a prominent “black
box warning” that “introduces” the contents of the drug label, “AMPHETAMINES
HAVE A HIGH POTENTIAL FOR ABUSE. ADMINSITRATION OF AMPHETAMINES
FOR PROLONGED PERIODS OF TIME MAY LEAD TO DRUG DEPENDENCE.”
(Exhibit 1002, p. 756, caps/bold per drug label). This is what a POSA would have
relied on in considering the drug for its clinical use in patients, not on what could be
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considered an obscure patent application written even before LDX dimesylate was
FDA-approved for its commercial use by clinicians for the treatment of ADHD. The
DEA classified LDX dimesylate as a “Schedule I1” drug for reasons that any
reasonable person would understand, not just a POSA. Of course, a POSA at the time
of the invention would have recognized that the Schedule II classification for LDX
dimesylate was expected at the time of FDA-approval simply because all stimulants
until the time of the invention were classified as such, as further characterized
below for its relevance to the Petitioner’s/Declarant’s obviousness arguments.

Additionally, LDX dimesylate’s drug label at the time of the invention featured a
section on “DRUG ABUSE AND DEPENDENCE” (Exhibit 1002, p. 767-768, bold/cap
per drug label). Therein, the LDX’s drug label indicated (p. 768):

1) “Controlled Substance class”

2) “Vyvanse is classified as a Schedule II controlled substance.”

3) “Amphetamines have been extensively abused. Tolerance, extreme
psychological dependence, and severe social disability have occurred.”

4) “In animal studies, lisdexamfetamine produced behavioral effects
qualitatively similar to those of the CNS stimulant d-amphetamine.”

That LDX dimesylate might have had a less of a “subjective drug liking effect” than d-
amphetamine immediate release at comparable doses taken by mouth or
intravenously, as its drug label indicates (Exhibit 1002; p. 768) and which is the
basis the Petitioner/Declarant argue its “less abuse potential” as a motivation for
its use in BED, would have been understood by a POSA in its obvious clinical context.
That context, of course, is that the active ingredient in LDX dimesylate is “d-
amphetamine” which itself carries a high potential of abuse and dependence, as the
drug label highlights, particularly in view that its “DRUG ABUSE AND
DEPENDENCE” section identifies that “drug liking effects” were indeed present
(versus placebo) and, at doses of 150 mg for instance, were statistically
indistinguishable from 40 mg oral amphetamine and 200 mg of diethylpropion (a
Schedule IV drug). Even the “Medication Guide,” which a POSA would have
recognized for its application of educating patients, highlights in its own black box
warning, “Vyvanse is a federally controlled substance (CII) because it can be
abused or lead to dependence.” (Exhibit 1002, p. 771, Col. 2, bold/caps per
medication guide). The message, whether for a “POSA” or “any reasonable person”
at the time of the invention, could not have been any clearer. Nor could the
Declarant when he identified this as a key reason why the class of stimulant drugs
should be disfavored for the treatment of BED (in his 1997 Medscape paper of
“Binge Eating Disorder: Diagnosis, Recognition and Treatment”), “there are no
published reports on the use of psychostimulants in the treatment of BED. Even though
acutely administered stimulants suppress binge eating, the risks of addiction and the
possible induction of affective and psychotic symptomatology make this agent class
undesirable as a therapeutic tool.” (p. 8). As a POSA would have appreciated at the
time of the invention, this is precisely why the Petitioner/Declarant, despite citing a
plethora of prior art they consider “relevant” to ‘813'’s, still have yet to identify any
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“published reports on the use of psychostimulants in the treatment of BED,” whether
amphetamine or methylphenidate, except those cases featured in ‘813’s disclosures.
The reason for this, of course, whether from the perspective of a POSA at the time of
the invention or “any reasonable person” in view of the invention and the art, is
obvious.

Regarding Ground 4/7:

The Petitioner’s/Declarant’s Ground 4/7 arguments are extraordinary for their
mischaracterization of the art and their illogicality but for a reason one might
consider as rather different than their Ground 1 argument. Unlike their Ground 1
argument, which completely disregards the plainly obvious features of the art
known for decades (i.e., amphetamines and their risks in the treatment of obesity)
and perhaps more broadly recognized for its historical relevance by “any reasonable
persons” old enough to have lived through times of widespread amphetamine use
for obesity and weight loss, Petitioner’s/Declarant’s Ground 4/7 argument is based
on a gross mischaracterization of a very obscure aspect of the art hardly enough to
generate but a small handful of cases over several decades. Yet even so, the
Petitioner/Declarant succeeds in completely disregarding the cumulative
understanding of decades of prior art in the “pharmacologic treatment of Bulimia
Nervosa,” as it would have been understood by a POSA (as characterized by
Petitioner/Declarant) at the time of the invention. In this respect, the
Petitioner’s/Declarant’ Ground 4/7 “hindsight argument” can be appreciated as
taking the very small of art of “stimulants in BN treatment” and “reasoning
backward through time” as they take everything out of its proper clinical context
and completely disregard the entire history of BN treatment. The line of reasoning
established in the Petitioner’s/Declarant’s Ground 4/7 would have necessarily
required one to have no knowledge whatsoever of diagnosing and treating eating
disorders, specifically Bulimia Nervosa, except for the Petitioner’s/Declarant’s
cited prior art of Ong (Exhibit 1017/Ground 4), Dukarm (Exhibit 1019/Ground 7),
Schweickert (Exhibit 1042), Drimmer (Exhibit 1016), Sokol (Exhibit 1018), and
Messner (Exhibit 1041), as featured in two tables in Declaration (Exhibit 1009, p. 26
and pp. 78-79). And, to then illogically apply that very narrow and woefully lacking
knowledge of art of treating BN to the treatment of BED. This is the foundational
problem of the Petitioner’s/Declarant’s Ground 4 /7 arguments.

The best way to understand just how irrational the Petitioner’s Ground 4/7
arguments is to place them in their proper diagnostic and therapeutic context,
namely, the art BN treatment and the role of stimulants therein. This is how a POSA
at the time of the invention would have recognized them. First, Ong (Ground 4) and
Dukarm (Ground 7) exclusively feature patients with BN. Thus, they are used as
“entry points” in Petitioner’s/Declarant’s line of reasoning for the use of
“stimulants” in eating disorders more generally, as BN is a different disorder than
BED, and a POSA at the time of the invention would have unmistakably made that
most basic distinction. The Petitioner/Declarant argue that LDX would have offered
advantages over methylamphetamine (Ong) and d-amphetamine (Dukarm) in the
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treatment of “binge eating in BN” and, therefore, could be cross-applied successfully
to the treatment of BED. This argument can be shown for its error without even
addressing the Petitioner’s/Declarant’s conflation of “binge eating in BN” and “binge
eating in BED” because its line of reasoning “goes bad” before that point. And that is
because a POSA at the time of the invention, such as that characterized by the
Petitioner/Declarant, would have clearly understood that stimulants were strongly
disfavored for use in the treatment of BN unless there was concurrent ADHD. The
understanding would have been rudimentary among M.D./psychiatrists who
“diagnose and treat eating disorders” as well as M.D./psychiatrists who “diagnose
and treat ADHD,” as further characterized below.

To best appreciate the role (or lack of a role) of stimulants in the treatment of BN it
helps to first understand the kinds of drug treatments that were considered by
POSAs (such as that characterized by the Petitioner/Declarant) for BN treatment at
the time of the invention. The 2006 APA Practice Guidelines for the Treatment of
Patients with Eating Disorders identifies a number of “sub-classes” of
“antidepressants” (i.e., “SSRIs,” “TCAs,” and “MAOIs”) in different “BN-specific
clinical contexts,” along with a number of specific antidepressant drugs in each class,
among them fluoxetine, sertraline, trazodone, imipramine, desipramine,
amitriptyline, phenelzine isocarboxazid. (Exhibit 1031, pp. 83-85). Notably, certain
“sub-classes of antidepressants” are featured for certain specific drugs in view of
which ones work for BN and which don’t [i.e.,“the SSRIs fluoxetine and sertraline but
not fluvoxamine; and several MAOIs, including phenelzine and isocarboxazid but not
moclobemide.” (Exhibit 1031, p. 83)]. Thus, there is no “reasonable expectation of
success” for the treatment of BN even from within the “same sub-class of
antidepressants” (i.e., SSRIs, MAOIs) wherein one or more drugs may be
considered generally helpful but one or more others are not. Additionally, the APA
guidelines teach that dosing drugs in the treatment of BN can be tricky, as fluoxetine
requires higher doses in BN than for major depression. Other medications featured
in the treatment of BN include Lithium for co-occurring conditions, the opiate
antagonist naltrexone for treating concurrent narcotic addition and preventing
alcohol-relapse in patients, the anticonvulsant topiramate, and the anti-nausea drug
ondansteron (a 5-HT3 antagonist).

The same general characterization of BN treatment is featured in the Declarant’s
2004 [‘Pharmacotherapy for Patients with Eating Disorders” (p. 3-4). In particular,
antidepressant drugs featured for the treatment of BN include, most notably, the
“sub-class” of antidepressants known as “SSRIs” but with mention of drugs like
desipramine and imipramine that a POSA at the time of the invention would have
understood to be within the “sub-class” of antidepressants known as “TCAs.”
Importantly, the Declarant indicates that there are “no known studies using non-SSRI
newer generation agents such as nefazodone, mirtazapine and venlafaxine.” As in the
2006 APA treatment guidelines for the treatment of BN, Declarant highlights that
“unlike treatment for major depression or anxiety disorders, one cannot generalize
from one SSRI to another because not all of them have been studied in BN, and
available evidence suggests that they are not equally effective. The only SSRIs that
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have been seriously studied in BN using randomized controlled trials are fluoxetine
and fluvoxamine (Luvox).” (p. 3). Declarant adds, “fluoxetine at 60 mg/day, but not 20
mg/day, was superior to placebo in reducing both binge and purge frequencies
(Romano et al, 2002), so it is important that clinicians treating BN realize that higher
doses (40 mg/day to 80 mg/day) are generally required for an effective antibulimic
response (similar to OCD).” (p. 3). Declarant, like the 2006 APA guidelines for BN
treatment, similarly identifies the anti-emetic ondansteron including its 5-HT3
antagonist action, the anti-convulsant topiramate, and the opioid antagonist
naltrexone including its preferential use in comorbid alcoholism and self-injurious
behavior as the APA guidelines indicate. The art of BN treatment, as featured in the
2006 APA guidelines and Declarant’s 2004 “Pharmacotherapy for Patients with
Eating Disorders,” is consistent with the 2004 “Clinical Handbook of Eating
Disorders: An Integrated Approach, ” Chapter 21, “Psychopharmacology of AN, BN
and BED” (pp. 489-508), a book edited by the Declarant. Further, Eisikovits’ 2002
meta-analysis of pharmacotherapy for BN, which only included empirically
validated treatments, identified various drugs and drug classes that nearly
exclusively involved the “class of antidepressants,” including the sub-classes of
“SSRIs,” “TCAs,” “MAOIs” and “atypical anti-depressants.” (p. 202). One study
included in the meta-analysis featured Lithium and another d-fenfluramine (p. 198).
In this respect, the art of treating BN -- among those who would have taught on its
pharmacological management at the time of the invention -- was remarkably
consistent for its teachings.

Nowhere in any of these “state of the art treatment recommendations for BN” are
stimulants, such as amphetamines (like LDX dimesylate, Adderall XR, Dexedrine)
and methylphenidate (such as Ritalin, Concerta) which are used to treat ADHD,
featured for their use in BN treatment, whether “successful” or not. Rather, though,
the 2006 APA Practice Guidelines for the Treatment of Patients with Eating
Disorders specifically writes, “Case reports indicate that methylphenidate may be
helpful for bulimia nervosa patients with concurrent attention-deficit/hyperactivity
disorder (ADHD) [111], but it should be used only for patients who have a very clear
diagnosis of ADHD [I].” (Exhibit 1031, p. 20). The “[I]” is the strongest level of
guidance, “Recommended with substantial clinical confidence” (p. 11). The APA
guidelines also add, “Several case reports indicate that methylphenidate may be
helpful for bulimia nervosa patients with concurrent ADHD (247-249). In these
situations, particular attention should be given to a range of potential adverse effects,
including abuse.” (Exhibit 1031, p. 54). These several case reports (i.e, references
“247,” “248,” and “249”) cited in the APA guidelines are Petitioner’s/Declarant’s
Exhibits of Schweickert (Exhibit 1042), Drimmer (Exhibit 1016), and Sokol (Exhibit
1018). Thus, it couldn’t be any clearer “at the time of the invention” that stimulants
were strongly disfavored for the treatment of BN except in such instances where
there would be comorbid ADHD, which itself puts Dukarm'’s case series in its proper
diagnostic and therapeutic perspective as all 6 patients had comorbid ADHD and BN.
[t also puts into perspective the art Dukarm cites as a rationale for performing her
study, art which features Schweickert, Drimmer, Sokol - and Ong (Exhibit 1017) and
Messner (Exhibit 1041). That Ong wasn’t included in the 2006 APA guidelines for
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this very very small art of treating comorbid BN/ADHD with stimulants may have
been because, as a POSA at the time of the invention would have likely concluded,
Ong used an IV stimulant on a one-time basis and, needless to say, IV stimulants
were neither available for clinical use at the time of the invention nor would they
have been recommended for use regardless of the clinical situation, even on a one-
time basis - atleast not in the mind of a POSA as characterized by
Petitioner/Declarant.

So the question is, how is that the Petitioner/Declarant even reasoned to use the art
of Ong (Exhibit 1017/Ground 4), Dukarm (Exhibit 1019/Ground 7), Schweickert
(Exhibit 1042), Drimmer (Exhibit 1016), Sokol (Exhibit 1018), Messner (Exhibit 1041),
as featured in the Declaration (Exhibit 1009, p. 26 and pp. 78-79), to “establish
stimulants as a class of drugs” for the “successful treatment” of, specifically, BN,
much less reason to their use as a “class of drugs” that a POSA at the time of the
invention would have been motivated to use in any way for the treatment of,
specifically, BN, absent its comorbidity with ADHD? After all, there couldn’t be any
clearer representation in the art of treating BN that disfavored their use, except in
such cases where there was comorbid ADHD - and even that was open to question.
If a POSA wouldn’t have been motivated to use stimulants (such as LDX dimesylate)
to treat BN in the first place, then the entire premise of the Petitioner’s/Declarant’s
Ground 4/7 arguments is proved wrong. And, therefore, it is proved wrong, as
regarded above by the APA guideline’s strongest clinical recommendation. But that
still leaves open the question as to how Petitioner’s/Declarant’s Ground 4/7
reasoning could so “so wrong” even before actually “beginning.”

Sukarm’s 2006 “Association Between Attention-Deficit/Hyperactivity Disorder and
Bulimia Nervosa: Analysis of 4 Case-Control Studies,” published in the Journal of
Clinical Psychiatry, clarifies the answer. Importantly, Sukarm speaks from the
“ADHD side of things” as he is affiliated with the Adult ADHD Research Program at
Massachusetts General Hospital. (p. 351). His expertise, thus, is not “eating
disorders,” per se, but he - like any other competent M.D./psychiatrist at the time of
the invention - would have understood that “...bulimia nervosa and ADHD require
different pharmacologic and nonpharmacologic approaches...” (p. 353, Col. 2). The
broad success of stimulants of the amphetamine/methylphenidate kind for the
treatment of ADHD have been well-recognized in the psychiatric community for
decades, in direct contradistinction to their disfavored use in BN treatment except in
such cases where there would be comorbid ADHD.

Sumarn’s introductory comments put the Petitioner’s/Declarant’s Ground 4/7
arguments into complete perspective, as a POSA at the time of the invention would
have appreciated them. He writes, “There are scant reports in the medical
literature of adults suffering from both ADHD-like symptoms and bulimia nervosa.”
(p. 352, Col. 1). In this respect, coming from a POSA who would have had expertise
in treating ADHD - and therefore using many different kinds of stimulant drugs in
all kinds of clinical contexts including comorbid ones (with eating disorders, among
others) - there just wasn’t a lot of art on BN/ADHD/stimulants. But there was
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enough art, “scant” as it was, for Sukarm to wonder if there might be something
new to discover about BN, ADHD and stimulants in view of the treatment of BN with
stimulants. The “scant reports in the medical literature of adults suffering from
both ADHD-like symptoms and bulimia nervosa” Surman identifies are
prominently featured in his introductory discussion and, not surprisingly, they
include the majority of the total prior art submitted by Petitioner/Declarant to
establish stimulants as “successful treatments” in BN. They include (as cited in
Surman, p. 352, Col. 1, references “11,”“12,” “14,” and “15”):

1) Schweickert’s “Efficacy of methylphenidate in bulimia nervosa
comorbid with attention-deficit hyerpactivity disorder: a case report”
(Petitioner’s/Declarant’s Exibit 1042),

2) Sokol’s “Methylphenidate treatment for bulimia nervosa associated
with cluster B personality disorder” (Petitioner’s/Declarant’s Exhibit
1018),

3) Drimmer’s “Stimulant treatment of bulimia nervosa with and without
attention-deficit disorder: three case reports”
(Petitioner’s/Declarant’s Exhibit 1016), and

4) Dukarm'’s “Bulimia Nervosa and attention-deficit/hyperactivity
disorder: a possible role for stimulant medication”

(Petitioner’s/Declarant’s Exhibit 1019).

After all, what Surman recognized - as just about any psychiatrist/M.D. at the time
of the invention would have understood - is that “...bulimia nervosa and ADHD
require different pharmacologic and nonpharmacologic approaches...” (Surman, p.
353, Col. 2), which is why Surman writes, “A better understanding of the putative
association between ADHD and bulimia nervosa has important clinical implications.
Considering that ADHD and bulimia nervosa respond to different pharmacologic
and nonpharmacologic treatments, diagnosing ADHD in subjects with bulimia
nervosa could lead to new therapeutic opportunities for this debilitating and life-
threatening disorder.” (p. 352, Col. 1). Surman is writing this in March 2006, which
puts into perspective - from a temporal standpoint - how this art was actually
being considered in the vicinity of ‘813’s filing for its uniqueness and therapeutic
implications, namely, for the treatment of, specifically, BN and ADHD together. In
2 adult samples of patients with ADHD and those without, Surman did indeed
identify a significantly greater rate of BN in the ADHD group (12% vs 3%; 11% vs
1%, p. 351, “Results”). Surman acknowledges these findings are “preliminary and
require further confirmation” but “suggest that ADHD may be associated with BN in
some women.” (p. 351, Conclusion). And, “if confirmed, this association between
bulimia nervosa and ADHD could have important clinical and therapeutic
implications.” (p. 351, Conclusion). However, by the Petitioner’s/Declarant’s line of
reasoning for both its Ground 4/7 arguments, Surman should have been saying in
2006, the year before ‘813’s filing, “this finding is irrelevant because the
treatment success of stimulants for ‘binge eating in BN’ has already been
confirmed and has obvious clinical and therapeutic implications for the
treatment of BED.” Which helps underscore just how illogical the

14

Ex. 6, Page 14



VERSION 2 The Story of Stimulants and BN Treatment LCS GROUP, LLC

Petitioner’s/Declarant’s Ground 4/7 arguments are reasoned “backward through
time” as they ignore everything actually relevant to their own cited prior art of Ong
(Exhibit 1017/Ground 4), Dukarm (Exhibit 1019/Ground 7), Schweickert (Exhibit
1042), Drimmer (Exhibit 1016), Sokol (Exhibit 1018), Messner (Exhibit 1041) - even
before getting to BED treatment.

Surman’s paper provides the “proper diagnostic and therapeutic context” for
every single prior art reference cited by the Petitioner/Declarant for establishing
their “first step of reasoning” for their Ground 4/7 arguments, which itself helps put
into perspective just how egregiously Petitioner/Declarant misrepresent the art.
And this is best featured in Surman’s Discussion wherein here writes, “Eleven case
reports documenting bulimia nervosa with comorbid ADHD traits that were
revealed in our literature search describe reduction of bulimic behavior with
stimulant treatment, providing tentative support for the hypothesis that
treatment of ADHD-related impulsivity could improve outcome in bulimic patients.
Patients with bulimia nervosa who are not identified as having ADHD have also
described improvement in bulimic symptoms with stimulant treatment.” (p. 353, Col
2). The “eleven case reports” of “BN with comorbid ADHD traits” are, as
previously identified from Surman’s introductory comments, the
Declarant’s/Petitioner’s prior art of Schweickert (Exhibit 1042), Drimmer (Exhibit
1016), Dukarm (Exhibit 1019/Ground 7), and Sokol (Exhibit 1018). And Sumarn’s
“patients with BN who are not identified as having ADHD” come from two
publications, Ong’s “Suppression of Bulimic Symptoms with Methylamphetamine”
(Petitioner’s/Declarant’s Exhibit 1017) and Messner’s “Methylphenidate Treatment
of Bulimia Nervosa After Surgery” (Petitioner’s/Declarant’s Exhibit 1041).

Thus, it can be seen how the Petitioner/Declarant have selectively chosen the
“scant” 6 publications in all of “BN treatment-specific art (wherein stimulants have
been used),” that themselves (as Surman notes) speak to how this art was barely
recognized for its diagnostic and therapeutic implications in BN (much less
“confirmed” for its findings), and to then grossly misrepresent the diagnostic and
clinical context of that art to reason toward the obviousness of ‘813. Itis
remarkable that even Messner, one of two case reports cited in Surman wherein BN
was not associated with ADHD (Ong being the other), writes, “The possibility of Ms.
J’s brother may have suffered from hyerpactivity invites questions about an association
between BN and ADHD, at least in some individuals for families. The mechanisms of
action of MPT may be similar in both disorders. (Exhibit 1041, p. 5).” And, not
surprisingly, the Declarant/Petitioner fail to say anything about Sokol’s art, which
involved a BN patient with ADHD-like traits, that concluded “given the potential
risks, treatment with this agent [stimulant methylphenidate] is not recommended [for
BN].” (Exhibit 1018, p. 6). To be sure, any reasonable person in view of Surman and
the Petitioner’s/Declarant’s Ground 4/7 arguments would recognize that the very
art cited by the Petitioner/Declarant to establish their line of reasoning proves the
non-obviousness of ‘813’s independent claims as well as the obviousness of the
Petitioner’s/Declarant’s willful misrepresentation of the art to self-servingly argue
the obviousness of ‘813’s independent claims.

15

Ex. 6, Page 15



VERSION 2 The Story of Stimulants and BN Treatment LCS GROUP, LLC

The Petitioner’s/Declarant’s willful misrepresentation of the art as it would have
been understood at the time of the invention is actually affirmed in view of
Biederman’s August 2007 publication “Are Girls with ADHD at Risk for Eating
Disorders? Results from a Controlled, Five-year Prospective Study,” published in the
Journal of Developmental and Behavioral Pediatrics and on which Surman was a co-
author. This is evidenced in Biederman’s rationale for conducting the study in the
first place, “Whether an association exists between ADHD and eating disorders has
important implications. Considering that ADHD and eating disorders respond to
different pharmacological treatments, diagnosing ADHD in patients with eating
disorders could lead to new therapeutic opportunities.” (p. 302, Col. 1). And also in
his findings, which are like Surman’s, “we found that adolescent females with ADHD
were at elevated risk of developing an eating disorder, with a particular risk for
developing bulimia nervosa.” (p. 305, Col. 1). (The other eating disorder evaluated
was anorexia).

In other words, the month before ‘813’s filing Surman'’s preliminary finding of an
increased risk of BN in ADHD patients is only “being first confirmed,” which means
that the therapeutic implications of this finding in, specifically, BN patients, is
only at this time making its way into the art --- again, from the “ADHD side of
things.” Even Biederman writes, “To the best of our knowledge, this is the first
evaluation of the association between ADHD and eating disorders in a pediatric
sample followed prospectively into adolescents.” (p. 302, Col. 2). Importantly,
Biederman himself identifies his own art in its proper diagnostic context in his
opening two sentences, “Recent work by Surman et. al. suggested an association
between attention-deficit/hyperactivity disorder (ADHD) and eating disorders.
Several case reports describe women with bulimia nervosa and ADHD-like
symptoms. [citations include art of Sokol, Schweickert, Drimer].” (p. 302). And he
speaks to his art’s proper therapeutic context in view of its proper diagnostic
context, “Eating Disorders and ADHD require different pharmacological treatment
approaches and therefore, clinical evaluations of females with eating disorders may
benefit from systematic identification of ADHD and vice versa. Among individuals
with comorbid ADHD and bulimia nervosa, the impulsivity of ADHD might
contribute to the severity of eating disordered behavior. Patients with bulimia
nervosa and ADHD may benefit from treatments commonly used to treat ADHD.”
(p- 306, Col. 2). Biederman’s study proves the Petitioner’s/Declarant’s willful
mischaracterization of the art in order to argue the obviousness of ‘813’s
independent claims in its Ground 4/7 arguments. In this respect, the Petitioner
would have been far better served for an accurate representation of the art at the
time of the invention had Dr. Biederman, as further featured below for his
contributions to the art, acted as the Declarant. But in such an instance, as “any
reasonable person” would clearly understand in view of the plainly stated and
transparently disclosed teachings from the time of the invention, Dr. Biederman'’s
Declaration would have only proven the non-obviousness of ‘813’s independent
claims.
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THE LAST AND FINAL ARGUMENT:

Now that it is clear how the Petitioner/Declarant willfully mischaracterized the art
for their Ground 1/4/7 arguments by beginning with the assumption of ‘813’s
obviousness and then “reasoning forward through time” from a point decades
before the invention (per Ground 1) as well as “reasoning backward through time”
from a point at the time of the invention (per Ground 7) - all while ignoring every
relevant aspect of the art over those decades in their line of reasoning -- it is now
time to accurately characterize the art which proves the non-obviousness of 813’s
independent claims. Putting aside the virtual statistical impossibility that a POSA at
the time of the invention could have even put together the references the
Petitioner/Declarant use for their Ground 1/4/7 obviousness arguments, this last
and final argument is intended to show the virtual statistical impossibility of ‘813
even being filed as it was in the first place with disclosures that teach on the
successful treatment of BED with LDX dimesylate. Which, for the purpose of this
“last and final argument,” is to establish on the written record and for posterity the
non-obviousness of ‘813’s independent claims.

Fourth Quarter 2006.

On October 18, 2006, Dr. Louis Sanfilippo, the inventor of ‘813, publicly analyzed a
press release issued by Shire Pharmaceuticals (“Shire”) /New River Pharmaceuticals
(“NRP”) on the investigational drug NRP104 (1dx dimesylate) for the treatment of
ADHD in his role as a consultant for the Gerson Lehrman Group (“GLG”), lan
“intermediary” between professionals of various sectors/industries (i.e., healthcare,
energy, etc...) and the investment community (i.e.,, managers/analysts of hedge
funds, mutual funds, etc...). The analysis was entitled “NRP104: The Next Psychiatric
Blockbuster Drug?” and publicly posted on the GLG website, as are all the others
that follow below, particularly for investment professionals to read. (GLG, p. 46).
His analysis commented on LDX’s comparable efficacy to other stimulants on the
market for the treatment of ADHD, as based on clinical trials. (GLG, pp. 46-47). At
that point in time, as any reasonable person would appreciate in view of “the art of
LDX dimesylate,” LDX had yet to be FDA-approved and, therefore, could not yet be
commercially marketed for clinical use by doctors who would prescribe it. Further,
Dr. Sanfilippo identified its DEA classification as a potentially significant market
driver though added that, until that time, all stimulants had been classified as
“Schedule Il drugs (high potential for abuse which may lead to severe psychological or
physical dependence).” (GLG, pp. 46). The next month, on November 7 NRP publicly
stated in their third quarter results announcement their anticipated launch of LDX
in Q2 2007 for ADHD treatment in children, in collaboration with Shire
Pharmaceuticals, and highlighted their “FDA approvable letter” for the indication.

(p-2)
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First Quarter 2007.

On January 10, 2007, Dr. Sanfilippo commented on the implications of the FDA’s
“second approvable letter” for LDX as a treatment of ADHD, which involved a
“request for routine’ data,” as well as the FDA’s recommendation “to the DEA that
Vyvanse receive a Schedule Il status (high abuse potential; severe dependence
liability) rather than the less stringent classifications of Il or IV, hoped for by its
collaborators Shire and NRP.” (GLG, p. 46). Dr. Sanfilippo commented on the
clinical implications of LDX in the ADHD treatment landscape noting, in particular,
that its “anticipated Schedule II status will likely link it to all the others [stimulants]
unless head-to-head studies show greater efficacy than other stimulants.” (p. 46).
Dr. Sanfilippo also wrote in the same analysis, “there is some question as to
whether clinicians and patients (and parents), despite its scheduling status, might
find its novel prodrug mechanism of action as favorable for certain sub-groups of
patients and co-morbidities (ie, adolescents and college students prone to abusing
stimulants; substance abusers).” (p. 46). These were, self-evidently, speculations
based on Dr. Sanfilippo’s knowledge of how the drug was designed to work
differently, pharmacokinetically (as described in Mickle), than other stimulant
drugs, and its prospective application to the treatment of specifically ADHD based
on these properties from published studies as the drug was not yet even
commercially available for use. To be sure, these were the kinds of features that
would have been important in motivating a POSA to use LDX over other well-
recognized safe stimulant drugs, including long-acting ones, for the specific
treatment of ADHD.

On February 20, 2007, Shire agreed to acquire NRP for an all cash transaction of

$2.6 billionl. As the Shire Press release writes, “Shire Chief Executive Officer,

Matthew Emmens, said: ‘This is an important and complementary acquisition that Macowner 8/12/14 12:17 AM
gives us full control of VYVANSE, a novel drug. We are confident and expect that the Comment [21]:

final labeling will provide patients and physicians with real benefits that
differentiate this compound from other ADHD products. It will enable us to drive
the launch and future development of VYVANSE and gain the full economic benefits 2.20.07 Shire Press release
of the drug. Based on VYVANSE’s expected profile, we believe it has the potential to
be the next generation stimulant product to ADDERALL XR.”” In this respect,
CEO Emmens speaks to how Vyvanse is “in the midst of its pre-market
differentiation” from other stimulants in the treatment of ADHD. Still, at this point
in time, LDX has yet to receive its “final labeling” by the FDA, much less be
prescribed by POSAs in the treatment of ADHD. Thus, LDX still had a way to go
before its clinical nuances - its “POSA-based clinical differentiation” -- could be
appreciated in the medical community by those who treat, specifically, ADHD. A
publicly available slide deck from Shire and its CEO Emmens of February 20, 2007
identifies the rationale for the NRP acquisition, “ ‘future flagship ADHD Macowner 8/12/14 12:17 AM
product....logical strategic move, innovative drug - the next generation ADHD Comment [22]:
treatment, attractiveness of the ADHD market.” (slides, 5-6). In the slide deck, CEO
Emmens reviews the ADHD market including its prevalence/treatment
predominantly in “pediatric patients” (age 4-17) over adults (Slide 11) and 2.20.07 Shire slide deck
highlights LDX's clinical trial efficacy “throughout the day” (Slide 10). Shire’s
main ADHD stimulant product, Adderall XR, is also featured in the slide deck for
“leading US marketshare” (slide 34), with 2006 sales at “$836.6 million” (slide 24).
Sales of Adderall XR are shown to be far in excess of Shire’s less successful

REFERENCE 21

REFERENCE 22
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(commercially) ADHD stimulant product, the transdermal (i.e., skin)
methylphenidate patch known in the art as “Daytrana,” which had 2006 sales at
“$25.1 million” (slide 24).

On February 21, 2007, Thomas Ginberg of the Philadelphia Inquirer writes on the

anticipated launch of LDX as an ADHD treatment, “Vyvanse has been billed as an Macowner 8/12/14 12:17 AM
improved ADHD medication whose method of action makes its harder to abuse. The Comment [23]:

company says it has the same safety profile of Adderall XR.” Thus, Mr. Ginsberg

reports on a drug in view of its claimed prospective advantages in ADHD Reference 23

treatment and its anticipated launch, as well in view of its “intra-company 2.21.07 Ginsburg Philadelphia Inquirer
stimulant competition.” Two days later on February 23, Shire and NRP announce

the FDA’s approval of LDX for the treatment of pediatric ADHD, with CEO Emmens
saying, “‘ The FDA approval of VYVANSE is exciting news for Shire as well as for Comment [24]:

patients, their families, and healthcare providers as it’s an important, novel

approach for the treatment of ADHD, said Matthew Emmens, Shire Chief Reference 24

Executive Officer.... ‘Beginning with product launch in Q2 2007, Shire will make
VYVANSE our top promotional priority within our ADHD portfolio.”” (p. 1).
Shire’s February 23 press release identifies Dr. Biederman (per 2007 ADHD/BN
referenced previously) as the director of Pediatric Psychopharmacology at
Massachusetts General Hospital and as the lead investigator on the pivotal clinical
studies for LDX in the ADHD trial. He is quoted as saying, “Our studies showed that
this next-generation stimulant medication’s unique chemical profile offers an
option for physicians and patients in the treatment of ADHD, with outstanding
efficacy and duration of actions.” (p. 2). A POSA at the time of the invention would
have recognized that there would have been few people in the entire world who
understood LDX’s clinical properties as well as Dr. Biederman, whose Phase 111
trial of LDX in pediatric ADHD (which helped LDX get its FDA-approval) at that
moment in time still had yet to be published, though was slated for online
publication in the journal Clinical Therapeutics for March 13, 2007 (Exhibit 1002,
p. 654-667).

2.23.07 Shire press release

On March 1, 2007, Shire General Counsel Tatjana May filed a 10-k filed with the

SEC on behalf of the company. The 10-k provides an overview of the ADHD Macowner 8/12/14 12:17 AM

market among competitor stimulants, including among its own three brands of Comment [25]:

stimulant preparations - Daytrana (MPH), Adderall XR (mixed AMPH salts) and

Vyvanse (d-AMPH prodrug). Featured among the stimulant competition in the gif%r;g;?rio-k fled by Shire General
! i . . 1. y Shire General

“ADHD marketplace” are four long-acting once daily methylphenidate brands (ie, Counsel Tajana May

Concerta, Metadate CD, Ritalin LA, and Focalin XR) along with their respective

ADHD marketshare, ranging from 2.8% with Ritalin LA, to 22% with Concerta. (p.

24). To be sure, the stimulant market for ADHD, including the “long-acting

stimulant class,” was indeed crowded, even arguably from within Shire’s own

ADHD “long acting stimulant drug” portfolio. As a POSA (with fairly substantial

clinical experience in the treatment of ADHD with stimulants) would have

appreciated at the time of the invention, Weissler’s 2007 “Review of long-acting

stimulants in the treatment of ADHD,” published in Expert Opinions in Macowner 8/12/14 12:17 AM

Pharmacotherapy, provides a clinical overview of the four MPH-based “long- Comment [26]:

acting stimulants” and the three AMPH-based “long acting stimulants” at the time

of the invention, including LDX. As any reasonable person would appreciate in

view of the art, these “long-acting stimulants” can also be seen as “one group” of Welssler’s 2007 “Review of long-acting

stimulants among the broader stimulant landscape for the treatment of ADHD stimulants in the treatment of ADHD”

Reference 26
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which also at the time featured “short acting stimulants” and “intermediate acting
stimulants.” This “stimulant landscape” at the time of the invention is nicely
featured in the 2007 AACAP (American Academy of Child and Adolescent
Psychiatry) “Practice Parameters for the Assessment and Treatment of Children
and Adolescents with ADHD” (Table 2, Medications Approved for the Treatment
for ADHD, p. 905). The

Second Quarter 2007.

A brief analysis of the AACAP’s Treatment Guidelines for ADHD is featured in Dr.
Sanfilippo’s April 2, 2007 GLG analysis. He writes, “there is probably not much new
here to those diagnosing and treating ADHD but international promulgation of the
report will serve to heighten awareness of the disorder. The ADHD ‘market’ has
grown considerably in the past decade, especially with many popularized books, on-
line courses and self-help forums, and ADHD coaches.” (GLG, p. 43). On April 17, Dr.
Sanfilippo writes on “Switching from Strattera to Stimulants Common” in reference
to a study showing children with ADHD who start on Strattera are more likely to
change therapies. (GLG, p. 42). Less than one week later, on April 23, Dr.
Sanfilippo’s GLG news analysis “The Complicated Web of ADHD and Substance
Abuse” outlines clinical management issues related to ADHD /substance abuse
disorders (“SUDs”). He comments specifically on the art of ADHD
pharmacotherapy in patients with comorbid SUDs, “short acting stimulants (of the
Adderall or Ritalin kind) can be especially problematic....with somewhat less liability
for longer acting forms (Adderall XR and Concerta) which have specialized delivery
systems and aren’t typically inhaled.” (p. 39). In this respect, Dr. Sanfilippo is
pointing out that long-acting stimulants like Adderall XR and Concerta were, at
that time, already addressing “abuse issues” by those who were prescribing them
for treatment of ADHD. Dr. Sanfilippo speaks cautiously on LDX’s clinical
differentiating features as the drug is yet untested by POSAs who are skilled in
treating ADHD with stimulants, but he does comment on how LDX may be
received in the medical community with respect to treating ADHD with comorbid
substance abuse “While likely to be listed as a Schedule 1I drug by the DEA (to my
latest knowledge), which would impact its perception among clinicians as a drug
with ‘high abuse potential,’ knowledge of its pharmacokinetic profile might lend
itself to being considered a ‘first-line stimulant’ for those with substance abuse
histories, indeed a significant market. I suspect how the drug will be marketed,
obvious FDA/legal implications, will have a role in the drug’s ‘clinician perception”
and hence use in this population.” (p. 39). This comment can be seen in view that
already, the art of ADHD treatment had recognized that “long-acting” stimulant
drugs were preferable to “short-acting” ones in comorbid ADHD /substance abuse
patients. This is evidenced in Upadhyaya’s 2006 “Management ADHD in the
Presence of Substance Use Disorder,” “Clinical recommendations for treating this
dual diagnosis include using nonstimulant agents or extended-release stimulant
formations in conjunction with psychosocial therapies to treat both the ADHD and
SUD.” (p. 23, summary). And Farone’s[2007 “Effect of Stimulant Medications for
ADHD on Later Substance Use and the Potential for Stimulant Misuse, Abuse and
Diversion” writes, “Long-acting stimulants may be less likely to be misused or
diverted” (p. 15, summary).
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Two days after Dr. Sanfilippo’s April 23 GLG posting, FirstWorld Pharma reported
on Shire’s Q1 net income nearly doubling on account of Adderall XR’s sales of
$249 million, adding “ ‘the key issue for Shire in 2007 is the switch from Adderall XR
to (ADHD drug) Vyvanse,” Lehman Brothers analyst Kerry Holford recently
commented.” The parenthetical introduction of LDX as an “ADHD drug” is
revealing of its place in the consciousness of even of those savvy with new
developments in the pharmaceutical markets. One might say Vyvanse, at this
point in time, was in a place “diametrically opposite” that that of “amphetamines”
at their peak during their “epidemic use as anti-obesity agents” some forty or fifty
years earlier. Two days after FirstWorld Pharma’s report, Dr. Sanfilippo posted
on April 27 an analysis regarding a New England Journal of Medicine article
“Paying for Drug Approvals - Who's Using Whom.” Notably, he pointed out (among
other examples) that within the regulatory/FDA landscape, safety issues were
increasingly regarded as important in the prior years, including particularly
ADHD stimulant drugs and cardiovascular risk; he also comments on conflicts of
interests from FDA advisory board members receiving “consulting fees from the
very pharmaceutical companies whose drugs they are evaluating.” (p. 34). A POSA
(familiar with prescribing stimulants) at that time would have appreciated
various US/FDA-based as well as internationally-based concerns arising over the
prior handful of years specific to the use of stimulants and CV risk, notably for
long-acting amphetamine-based ones.

On May 3, 2007, Shire publicly announced the DEA classified LDX as “Schedule I1.”
According to Shire’s press release, CEO Matthew Emmens said, “The decision by
the DEA was anticipated. All ADHD stimulant medications have historically
been classified as Schedule II controlled substances.” He also added, “Vyvanse is
the first ADHD stimulant to have the results of abuse liability studies reflected in its
product label. Shire plans to continue to build the body of evidence in support of
a lower abuse potential profile.” Dr. Sanfilippo posted publicly on this particular
press release on May 4, writing, “Though Vyvanse may not be the blockbuster drug
it was once touted to be, there will likely be a good place for it in the ADHD market.
The prodrug concept is appealing for patients with a substance abuse history (in
remission) that may need stimulant treatment after other options such as Straterra
(Ely Lily) or Wellbutrin (as an off-label treatment) have failed to be
effective....Stimulant treatment for ADHD is often a trial-and-error process,
with multiple dose and schedule options for the clinician to utilize, and given the
pharmacokinetic profile of Vyvanse, its duration of action may be a plus for a
subset of patients.” (p. 31).

Eleven days later, on May 15, Dr. Sanfilippo’s GLG analysis featured “Shire’s Broad
ADHD platform” and included the investigational drug SPD465, a super long-acting
stimulant (greater than Adderall XR/Concerta); he also commented on LDX in the
same light as prior GLG posts. (GLG, p. 28). He added that Adderall/Adderall XR
are “both very good drugs,” as their safety and efficacy had been established in the
treatment of ADHD and which their commercial sales only reinforced. On May 18,
Reuters reported on a recent survey of 54 pediatricians and psychiatrists
conducted by Anian, a Rueters company that tracks industry trends for
institutional investors. The Anian survey found doctors “were likely to try Vyvanse
but were unconvinced it had advantages over current therapies” and “suggested
[Vyvanse] could initially capture roughly 20 market share from Adderall XR.” Here,
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Vyvanse/LDX can be seen for its general place in the consciousness of the medical
community - by those most likely to prescribe it. That place from the outset, even
before a POSA could prescribe it for the treatment of ADHD, was self-evidently
recognized by clinicians, investors, reports and the broader community-at-large
in view of its “block-buster long-acting mixed amphetamine-salt sister
stimulant” Adderall XR. As any reasonable person would understand in view of
the publicly available information that tells the story, everyone who had any
knowledge or interest in LDX at this time was simply trying to understand how
the drug would actually be clinically different than the many other stimulants on
the market, particularly the long-acting ones, and including with respect to its
touted “decreased abuse risk.” After all, it is the clinical differences of a drug that
motivates POSAs to prescribe it in the first place and that, as a consequence, is
what drives sales. And that is why investment professionals, at least some of
them, were interested in hearing what Dr. Sanfilippo had to say on his GLG posts
about the ADHD marketplace and LDX'’s anticipated place within it.

The following month, on June 27, Dr. Sanfilippo publicly posted an analysis on
GLG’s website regarding Shire’s recent approvable letter from the FDA for
INTUNIV (Guanfacine) extended release, a non-stimulant treatment for ADHD.
(GLG, p. 26). Then two days later, on June 29, Dr. Sanfilippo’s posted a news
analysis entitled “Vyvanse, Concerta and Adderall XR: How Will it Sort Out?” in
reference to a Reuter’s investment article entitled “Shire showcases new drug
Vyvanse to wary doctors.” (GLG, p. 25). Indeed, “as any reasonable person” would
see in view of just the headlines themselves at the time, the picture for Vyvanse in
its “pre-market differentiation” from other stimulants become clear. In this
particular analysis, Dr. Sanfilippo characterized the challenges of treating patients
with stimulants in his “implications” section, “Finding a ‘superior product’ above
others is inherently challenging for these reasons and while Vyvanse seems to offer
some potentially strong positive features (ie, less euphorogenic poperties, maybe
longer duration of action, less overdose risk), it faces an uphill battle to overtake
medications like Concerta and Adderall XR that have a good track record and
clinician comfort for many ADHD patients. 1 don’t suspect wholesale preference of
Vyvanse over Adderall XR or Concerta....” (p. 25). His conclusion is what “any
reasonable POSA” familiar with ADHD market place and LDX’s “pre-market
differentiation” would have concluded, “Unless clinicians’ find a visibly compelling
and strongly favorably clinical profile of the drug for their patients, I think Vyvanse
will develop a decent marketshare but not overshadow the other longer acting
stimulants. Patients (and clinician’s) may view certain features like it’s slower onset
of action, for instance, as both a pro and con over Concerta and Adderall XR, making
it less than universally acceptable over its counterparts. There is definitely solid
room here clinically and in the market for Vyvanse but it will be competing against
drugs that have been proven quite valuable.” (p. 25).

Third Quarter 2007.

On July 9, as FirstWorld Pharma reported, JP Morgan downgraded Shire’s rating
“over concerns that fewer patients than expected would switch to the company’s
new attention-deficit hyperactivity disorder treatment, Vyvanse, from its older
ADHD product, Adderall XR.” In the article, ]JP Morgan analyst Alistair Campell is
quoted as saying, “Although Shire has an excellent track record in the attention-
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deficit hyperactivity disorder market, we see real risk that the Vyvanse switch will
undershoot expectations....” The sentiment is echoed in a different light and with
some literary flavor from the “clinician side of things” in “The Carlat Psychiatry
Blog” on July 12 by Dr. Daniel Carlat, a recognized psychopharmacologist who
authored a psychopharmacology report for psychiatrists beginning in 2003
(http://www.thecarlatreport.com/archives) and whose website now provides
CME training for physicians. Dr. Carlat writes,

“I don’t know a huge amount about Vyvanse yet. I do know that Vyvanse is
the molecule dextroamphetamine (trade names Dexedrine and Dextrostat)
attached to the amino acid lysine. Shire cleverly calls it ‘lisdexamfetamine,’
presumably on the theory that using an f instead of ‘ph’ in the chemical
name will make it less obvious that Vyvanse is simply a fancified version of
good old Dexedrine, a mainstay of ADHD treatment of decades.

At any rate, Vyvanse is an inactive “pro-drug” which has no pharmacologic
effect until after it is absorbed through the GI tract into the bloodstream,
when liver and gut enzymes cleave off the lysine portion and produce the
active drug d-amphetamine. The requirement that lysine be lopped off delays
the peak concentration of d-amphetamine, but not by very much. To give you
a sense of the scale that we are talking about, Dexedrine, which is pure
dexamfetamine (I'm using Shire's Newspell here) reaches its peak
concentration at 3 hours after administration (see Dexedrine prescribing
information, accessed at http://www.fda.gov/cder/foi/label/2006/
017078s0401bl.pdf). Vyvanse reaches its peak concentration at 3.5 hours, a
delay of 30 minutes. While classified as a Schedule II controlled substance
like existing stimulants, Vyvanse produces no high if snorted, and a 100 mg
dose made drug abusers less buzzed than a 40 mg dose of Dexedrine.
However, at 150 mg of Vyvanse there were no differences between the two on
the “drug likeability scale.” (See the manufacturer’s Web site at
http://www.vyvanse.com/.)

Over the past 2 weeks in my private practice office I have received 9
different mailings from Shire about Vyvanse, an average of about one every
other day, but I expect the pace to pick up significantly. Today, my Vyvanse
mailing invited me to a virtual roundtable series’ to ‘provide feedback on
various support materials that Shire provides physicians to help them better
understand... Vyvanse.’ In other words, Shire has invited me and thousands of
other physicians to be marketing consultants. No compensation was
mentioned but [ was provided the following number to register: 1-800-635-
8730, program 2595. Readers are invited to do their own research on this
opportunity.

I'll keep you updated on future promotionals as they flood into my
office. This should be interesting, as Shire is the most aggressive
pharmaceutical marketer I've ever seen, and they are not shy about using
CME programs to promote their products.”
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On July 26, Shire announced second quarter results with CEO Emmens

commenting, “Revenues were up 31% led by Adderall XR and Daytrana in a growing Macowner 8/12/14 12:18 AM
ADHD market....importantly, we have just launched Vyvanse, our next generation Comment [35]:

ADHD product. We believe this product is best in class and early results are
promising with positive feedback from both physicians and patients. In addition, we
have received two FDA approvable letters in the ADHD category - for INTUNIV, a Q2 Shire Press Release
non-stimulant for ADHD, and SPD465, a longer acting version of Adderall XR for the
treatment of adult ADHD.” (p. 2). The Shire statement indicates “Adderall XR is the
leading brand in the US ADHD market with an average market share of 26% during
Q2 2007 (2006:26%),” with $255 million in sales in Q2 2007, and “Vyvanse was
launched in the US in June 2007 following receipt of required regulatory approvals.”

(pp. 2-3).

On August 1, 2007, in view of evolving events in the ADHD treatment landscape
and his own clinical use of LDX in the treatment of patients, Dr. Sanfilippo writes a
GLG post entitled “Some Clinical Observations on Shire’s Vyvanse” in specific
connection to a news report entitled, “Shire’s New ADHD medication, Vyvanse, Now
Available in U.S. Pharmacies Nationwide.” Among his observations,

Reference 35

“My previous commentaries on Vyvanse, the pro-drug amphetamine that
recently entered the US market for the treatment of ADHD, was based on
readings as well as discussions with colleagues; however, now that I have a
small pool of patients taking it I am noticing a clinical profile that does
separate it from Adderall XR and Concerta, the other long-acting stimulants
in the market.” (GLG, p. 20)

In the GLG analysis, Dr. Sanfilippo outlines four key observations related to LDX,
specifically: 1) its duration of action, 2) its slower time to efficacy, 3) ADHD/SUD
comorbidity, and 4) dosing issues, and concludes,

“Is this the optimal kind of ADHD treatment? No, as what may be clinically
advantageous to some many not be for others. I still have patients who like
the fact that their Adderall XR or Concerta wears off just as they end their
work day when they go for a run; or that they don'’t feel any effect in the
evening. Some patients just like the flexibility of the short acting stimulants.
And others who are content with their current medication will see no need to
change over. But clearly, I think there is lots of room clinically for this drug
and my initial impressions are more positive than my pre-marketing
expectations.” (GLG, p. 20).

On August 23, Reuters reported that investment analysts said “the overall level of
demand had been subdued, with Vyvanse’s market share at 2.4% total prescriptions Macowner 8/12/14 12:18 AM
after eight weeks on the market rather less than hoped,” adding, “While it was Comment [36]:

encouraging that Vyvanse was taking share from products like Johnson and
Johnson’s Concerta and Eli Lilly and Co’s Strattera, feedback from pharmacies
suggested demand so far had been underwhelming. An Anian survey of 14 urban 823107 Reuters report
and suburban U.S. pharmacies found only two had dispensed Vyvanse, while five
stocked the drug. Dealers reported Credit Suisse analysts said in a note earlier this
week that the penetration and ramp-up rate to date was ‘somewhat disappointing,’
although the market share from rivals were promising, indicated a mixed launch

Reference 36
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overall.” On August 31,2007, LDX carried 2.9% of the ADHD marketshare with a
substantial percentage of patients taking the drug by virtue of “coupons,” as
featured in a presentation by Shire President, Specialty Pharmaceuticals, Michael
Cola (UBS Global Life Sciences Conference; Slides 10, 12, September 24, 2007).
This, as any reasonable person would appreciate in view of events from this
period of time, strongly would suggest LDX was being largely prescribed by the
kinds of POSAs who treat children for ADHD (ie, pediatricians, child and
adolescent psychiatrists) since Vyvanse was FDA-approved for ADHD in school-
age children and Shire’s marketing of LDX coupons would have certainly been
only to those POSAs who would have prescribed the Schedule II stimulant drug
“on-label” (i.e., for its FDA indication). This information provides a composite
behavioral profile of the kind of M.D./psychiatrist who would have been
motivated to even prescribe LDX to a patient at the time of the invention.

On September 13, 2007, ‘813 is filed.

The following day after ‘813 was filed, on September 14, First World Pharma
writes that shares in Shire fell “as much as 7.5% after some analysts expressed
disappointment with sales of recently-launched attention-deficit hyperactivity
treatment Vyvanse.” FirstWorld added, “However, Shire’s chief financial officer,
Angus Russell, responded that ‘we’re quite comfortable that things are going
extremely well.” Quoting JPMorgan analysts Alistair Campbell and Craig Maxwell,
First World Pharma writes, “ ‘If Vyvanse share stalls in coming months, we will have
serious doubts over our forecasts. The Vyvanse share of the combined Adderall
XR/Vyvanse volume has been disappointing at just over 10 percent after 12 weeks.
Thus, two of JPMorgan’s investment analysts point that LDX may be running into
some unwelcome competition with its “block-buster long-acting mixed
amphetamine-salt OLDER sister stimulant” Adderall XR.

”m

For a more thorough characterization of LDX in the ADHD marketplace during the
quarter ‘813 was filed, Shire’s 2007 “third quarter results” (as presented by slides
on November 1, 2007, by CEO Emmens, CFO Angus Russell, and VP of Investor
Relations Clea Rosenfeld) is referenced, as is the November 1 Earnings call
transcript from “Seeking Alpha” (http://seekingalpha.com/article/52666-shire-plc-
q3-2007-earnings-call-transcript?page=1). Notably, Q3 sales of Vyvanse were
$10.6 million vs. $249 million for Adderall XR and 9.4 million for the transdermal
methylphenidate patch Daytrana (slide 11). At this point in time, LDX’s
“popularity” among POSA’s, as measured by the hard numbers of commercial
sales, was “financially even” with its rather “unpopular MPH-based little sister
long-acting skin-patch stimulant” Daytrana and, not surprisingly, overshadowed
by its “popular AMPH-based big sister long-acting oral stimulat” Adderall XR by
23x its own barely 8-figure sales. Which gives “any reasonable person” a sense of
where LDX was in the consciousness even among those POSAs who, at the time of
the invention, would have been most motivated to prescribe it, namely, POSAs
who treat ADHD, particularly in school-age children. With respect to the Q3
Conference Call that included 10 investment analysts from prominent firms like
Goldman Sachs, Deutsche Bank, UBS Warburg, among others, Shire indicated that
84% patients who started on Vyvanse and completed baseline surveys reported
having used a prescription for ADHD treatment prior to Vyvanse (Slide 26). CEO
Emmens reported 40% of these had come from Adderall XR (p. 15 of Seeking
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Alpha Transcript). So again, there is yet more evidence that LDX is seen in view
of other stimulants for the treatment of ADHD, especially Adderall XR - and
particularly in children, as CEO Emmens makes it a point to say that Vyvanse
couldn’t be promoted in adults but expected to have that indication in April 2008,
though acknowledges physicians do use “these drugs in all kind of patients.” (Slide
20).

According to the Seeking-Alpha Q3 2007 Earnings Call transcript, CEO Emmens
says, “I think it's just a matter of physicians trying it [Vyvanse]. It's a new chemical
entity, they want to see what it does and I think they want to get feedback from
their patients and that's starting to happen.” Of course, this is what any POSA at
the time of the invention would have recognized. Vyvanse was a new drug and its
place in specifically ADHD treatment had yet to be understood because its
differentiation from other long-acting stimulants, in particular, had yet to be
recognized by POSAs for its therapeutic implications. So just at the time that Dr.
Biederman was addressing the therapeutic implications of “stimulants
generally” in patients with comorbid ADHD and BN, there were a very small
group of people with a highly sophisticated understanding of LDX that were
addressing the drug’s therapeutic implications in for patients with ADHD. And
regarding LDX’s overall clinical profile, as a POSA (familiar with stimulants in the
treatment of ADHD) would have appreciated (generally) at the time of the
invention, CEO Emmens says in the transcript, “you got to remember that, from a
physician standpoint, when New River was touting this drug, basically, their primary
thing was about safety and abusability and all that stuff. That didn’t play well with
physicians. As we got out there later, as we bought the product and started doing
our soft...the softer research, we...basically, it came...the most important thing that
bothered them is the duration of activity, particularly as it relates to inattention.
And the second is the smoothness, this onset, offset, causes...can cause personality
differences in kids, especially they tend to get a flat affect when they come off the
drug or else they might get a little buzz when they go into it. And this drug does not
do that, and that is important to them. The third attribute was the whole
absuability thing, they just...its kind of like, not my patients. So it’s nice to have, but
the other two are the ones that are going to drive business. So again, as I said, |
wouldn’t hang me hat on it because I think its going to be difficult to change the C2
[Schedule 2] to C3 [Schedule 3] thing. I just...we always thought that [abusability
thing] was a challenge because its basically an interpretation and it’s a big
statement when you say it. But I think the perception of the physician that this
gets better would be helfpful, but, again, remember it’s the third attribute.” (pp.
37-38).

A publicly available slide set on “the state of the art of ADHD treatment,” presented
in Chicago in January 2008 to a group of investment analysts, speaks to the ADHD
market and the prospective differentiating features of LDX in view of other
stimulants. At that point in time, over four months after ‘813’s filing, the investment
world (as the medical community) was still trying to understand how LDX
dimesylate was different than other long-acting stimulants in the treatment of
ADHD. Any POSA at that time who would accurately represent the art would know
that, as would any investment analyst familiar with the space at that time, as would
“any reasonable person” provided basic information about events in the general

26

Ex. 6, Page 26

Macowner 8/12/14 12:19 AM
Comment [41]:

Reference 41

Chicago GLG Presentation on ADHD, January
2008, L Sanfilippo MD




VERSION 2 The Story of Stimulants and BN Treatment LCS GROUP, LLC

vicinity of the ‘813’s filing. The presentation was given by Dr. Sanfilippo, through
the Gerson Lehrman Group, with a second presentation on the same topic in NYC.

So here is the lesson, as “any reasonable person” would see it at the time of the
invention and in view of the truth. As Dr. Sanfilippo taught on the therapeutic
distinctions of LDX dimesylate that might separate it from the many other stimulant
drugs available for the specific treatment of ADHD, he also taught on the therapeutic
distinctions of LDX dimesylate that might separate it from the countless
commercially available drugs that “increase NTs” as well from the very few
commercially available drugs that had been proven successful for the treatment of
BED. But it would be some time before the second aspect of his teachings would be
disclosed for all its remarkable detail. But that time has come, and it has come on
account of something called truth.
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Binge eating disorder (BED) is a new eating disorder that describes the eating disturbance of
a large number of individuals who suffer from recurrent binge eating but who do not regu-
larly engage in the compensatory behaviors to avoid weight gain seen in bulimia nervosa.
This multisite study of BED involved 1,785 subjects drawn from 18 weight control pro-
grams, 942 subjects from five nonpatient community samples, and 75 patients with bulimia
nervosa. Approximately 29% of subjects in weight control programs met the criteria for
BED. In the nonpatient community samples BED was more common than purging bulimia
nervosa. The validity of BED was supported by its strong association with (1) impairment in
work and social functioning, (2) overconcern with body/shape and weight, (3) general psy-
chopathology, (4) significant amount of time in adult life on diets, (5) a history of depres-
sion, alcohol/drug abuse, and treatment for emotional problems. © 1993 by John Wiley &
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Binge eating disorder (BED) is a newly conceptualized eating disorder that describes
the eating disturbance of a large number of individuals who suffer from recurrent
binge eating but who do not regularly engage in the inappropriate compensatory be-
haviors to avoid weight gain that are seen in bulimia nervosa. Although the proposal
for BED as a new eating disorder is recent (Spitzer et al., 1991), it is the logical exten-
sion of Stunkard’s original description of binge eating (Stunkard, 1959) and the many
studies in the 1980s, before the availability of the BED diagnostic criteria, that demon-
strated the usefulness of binge eating as a clinical feature in the obese because of its
association with a variety of important clinical features (Gormally, Black, Daston, &
Rardin, 1982; Loro & Orleans, 1981; Marcus et al., 1985, 1988, 1990; Marcus, Wing, &
Lamparski, 1985; Marcus, Wing, & Hopkins, 1988; Kolotkin, Revis, Kirkley, & Janick,
1987, Telch, Agras, & Rossiter, 1988; Telch, Agras, Rossiter, Wilfley, & Kenardy, 1990).

A multisite field trial of the diagnostic criteria for BED involving nearly 2,000 partic-
ipants suggested the potential utility of the diagnosis for clinical and research purposes
(Spitzer et al., 1992). The diagnosis was found to be common among participants in
weight control programs, with 30% meeting the criteria for the disorder. The disorder
was relatively rare in the community (2%). In both the weight control and community
samples BED was strongly associated with severe obesity and a history of unstable
weight, and was somewhat more common in females (ratio of proportion in
females: males approximately 3:2).

In this paper we provide additional data about the diagnosis of BED, by answering
the following questions in a second large multisite study:

1. Among individuals seeking help for weight control, how do individuals
with and without BED differ on such clinical features as weight and diet his-
tory, reports of functional impairment associated with eating disturbance, his-
tory of various disorders and psychiatric treatment, and general measures of
psychopathology?

2. How do individuals with BED differ from individuals with purging bu-
limia nervosa and from samples of nonpatients in the community on these
same variables?

3. Because female college students are at risk for purging bulimia nervosa
(Striegel-Moore, Silverstein, & Rodin, 1986), are they also at risk for BED?
What is the range of the prevalence of BED and purging bulimia nervosa in
samples of female college students?

4. In overnight subjects, is BED associated with an earlier onset of over-
weight and of dieting? Because some investigators have suggested that dieting
may contribute to the onset of binge eating (Polivy & Herman, 1985; Tuschl,
1990; Herman & Polivy, 1990; Treasure, 1990; Wardle, 1990), does the occur-
rence of binge eating typically follow, rather than precede, a history of signifi-
cant dieting in subjects with BED?

By providing information about the distinctive clinical features of BED that are exter-
nal to its definition, we thereby provide data in support of the validity of BED as a
diagnosis.

THE DIAGNOSTIC CRITERIA FOR BED

The diagnostic criteria currently recommended for BED are presented in Table 1. Cri-
teria A through D are identical to those used in both multisite studies of BED (with the
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Table 1. Diagnostic criteria for binge eating disorder

A. Recurrent episodes of binge eating, an episode being characterized by both of the following:

(1) Eating, in a discrete period of time (e.g., within any 2-hour period), an amount of food that is
definitely Jarger than most people would eat during a similar period of time in similar
circumstances.

(2) A sense of lack of control during the episodes, for example, a feeling that one can't stop eating or
control what or how much one is eating.

B. During most binge episodes, at least three of the following:

(1) Eating much more rapidly than usual.

(2) Eating until feeling uncomfortably full.

(3) Eating large amounts of food when not feeling physically hungry.

(4) Eating alone because of being embarrassed by how much one is eating.

(5) Feeling disgusted with oneself, depressed, or feeling very guilty after overeating.
. Marked distress regarding binge eating,.
. The binge eating occurs, on average, at least two days a week for a 6-month period.
. Does not occur only during the course of bulimia nervosa or anorexia nervosa.

monN

exception of the omission from the initial criteria of a B item, “eating large amounts of
food throughout the day with no planned mealtimes,” which has a neglible effect on
caseness). Criterion E, which excludes cases that currently meet the criteria for either
anorexia nervosa or bulimia nervosa, was initially defined to anticipate a DSM-IV pro-
posal (American Psychiatric Association, 1991) that would have limited bulimia ner-
vosa to cases that involved purging behavior: vomiting, diuretics, or use of laxatives.
Therefore, only cases of purging bulimia nervosa were excluded. Criterion E is now
defined so as to recognize a nonpurging bulimia nervosa that will be included in
DSM-IV (T.B. Walsh, personal communication, 1992). Later we show that excluding
such cases from the diagnosis of BED has no appreciable effect on the magnitude of the
association of BED with the validity variables examined in this study.

QUESTIONNAIRE ON EATING AND WEIGHT PATTERNS

The three-page questionnaire used in the first multisite study was expanded to seven
pages by adding questions that operationalized the variables noted in item 1 above. All
questions about current functioning and eating behavior focused on the past 6 months.
Examples of some of the items are as follows: Impairment in social relations was eval-
uated by responses to the question: “During the past six months, how much has your
relationship with people been affected by any of the following: overeating or thinking
about eating, being upset about your eating, or being upset about your weight?” Sub-
jects responded using a 5-point scale anchored by “Not at all” and “To an extreme de-
gree.” Overconcern with body/weight shape was evaluated by the following question:
“Qver the past six months, how important has your weight or shape been in how you
feel about or evaluate yourself as a person-—as compared to other aspects of your life,
such as how you do at work, as a parent, or how you get along with other people?”
Possible responses ranged from 1 (“Weight and shape were not very important”) to 5
(“Weight and shape were the most important things that affected how you felt about
yourself”). Amount of time on a diet was evaluated by the question: “Since you have
been an adult—18 years old—how much of the time have you been on a diet, been
trying to follow a diet, or in some way been limiting how much you were eating in
order to lose weight or keep from regaining weight you had lost?” Possible responses
ranged from 1 (“None or hardly any of the time”) to 6 (“Nearly all of the time”).
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A history of depression was evaluated by a response to the question: “Have you ever
had a time lasting at least two weeks when you were so depressed that it interfered
with your ability to work or get along with people?” A history of alcohol abuse (and a
comparable question for drug abuse) was evaluated by the question: “Have you ever
had a time lasting at least a month when you or someone else thought you were hav-
ing a problem with drinking too much alcohol?” A history of sexual abuse was evalu-
ated by the question: “Were you ever the victim of incest, sexual abuse or rape?”

For data analysis all of the scaled questionnaire responses were dichotomized. For
example, impaired relations with people because of “overeating or thinking about eat-
ing, being upset about your eating, or being upset about your weight” was dichoto-
mized into “greatly” or “extremely” and “none” to “moderately.” The item about the
importance of weight/shape in self-evaluation was dichotomized into “was the most
important thing” or “among the main things” and “not very important” or “played a

art.”
P Subjects who entered later in the study also completed Derogatis’s Brief Symptom
Index (Derogatis & Melisaratos, 1983), a 53-item general measure of current psychopa-
thology. For each item (e.g., “Nervousness or shakiness inside”), subjects note how
much that problem has bothered or distressed them during the past week. Possible re-
sponses range from 0 (“Not at all”) to 4 (“Extremely”). For data analysis, the 53 items
are summarized into a global severity index and nine symptom scales.

Several questions about compensatory behaviors associated with nonpurging bu-
limia nervosa (fasting, excessive exercise, abuse of medication) were also added to the
questionnaire that was given to some of the sample studied at the end of the study.
(The complete questionnaire is available from the senior author upon request. Ques-
tions and computer analysis decision rules for diagnosing BED and bulimia nervosa ac-
cording to DSM-IV criteria are included in the Appendix).

A clinician-administered version of the questionnaire was developed to test the
agreement between a clinician evaluation of BED and the self-report evaluation from
the questionnaire. A kappa of .60 was obtained for the agreement between clinician
and questionnaire on the diagnosis of BED in 44 subjects in the United Weight Control
sample. This modest agreement is comparable to the test-retest agreement commonly
found for the major psychiatric disorders (Williams et al., 1992).

STUDY SAMPLES

Weight Control Samples

The weight control sample consisted of individuals currently enrolled in 18 different
programs (see Acknowledgments for directors and names of programs). The programs
employed a range of therapies used in the treatment of obesity, which included tradi-
tional nutritional counselling (within moderately restrictive diets), very-low-calorie di-
ets, cognitive-behavioral approaches, and medication.

Six of these programs were affiliated with hospital or university eating disorders pro-
grams. Two of the samples consisted of private patients of two physicians who special-
ized in the treatment of eating disorders. Six of the programs involved random
assignment of the subjects to a weight control treatment protocol, the efficacy of which
was being evaluated.

In most of the programs, all of the subjects were tested at the same time, regardless
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of how long they had been in treatment. Some programs, however, assessed new sub-
jects as they entered the program until a sufficient number had been tested. Few sub-
jects declined to participate in the study.

A small number of questionnaires with missing data on BED diagnostic criteria vari-
ables were eliminated, as were cases with frequent vomiting or use of diuretics or lax-
atives suggesting purging bulimia nervosa. The final weight control sample had 1,785
subjects.

Nonpatient Community Sample

This sample consisted of 214 new employees (professional and nonprofessional) of
Presbyterian Medical Center enrolled over a 6-month period, who completed the ques-
tionnaire during their pre-employment physical examination. Few employees refused.
Although not a random sample from the community, this group provides a useful con-
trast to the weight control samples.

College Student Samples

Questionnaires were completed by 728 students at three colleges in the United States
and one in Canada: Wesleyan University, CT; Clemson University, SC; University of
Nevada, NV; and the University of Toronto, Ontario, Canada (where about 25% of the
students are of Asian background and the remaining primarily Caucasian). Most of the

students were recruited in introductory psychology courses; some were part of the
graduating class of 1992.

Bulimia Nervosa Samples

A sample of 75 normal weight women was drawn from two clinics in New York City
which offered outpatient psychotherapy and medication for the treatment of bulimia
nervosa. On the questionnaire all of the subjects met the criteria for purging bulimia
nervosa by reporting at least two episodes a week for the past 6 months of binge eating
and compensatory vomiting or use of laxatives.

RESULTS

All results for a given variable exclude cases with missing information on that vari-
able. For that reason, the N for a specific item may be smaller than that for the total
sample. Unless otherwise noted, statistical tests are two tailed.

Description of Study Samples

Table 2 describes the study samples. Subjects in the weight control samples had a
mean age in the forties, community nonpatients in the thirties, and college students
and bulimia nervosa samples in the twenties. As would be expected, most of the par-
ticipants at weight control sites were female. Almost 80% of the student sample was
female.

A height normalized measure of adiposity, the body mass index (BMI) (Garrow &
Webster, 1985), was calculated for each subject’s current and highest weight ever. Not
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Table 2. Description of study samples

College BMI Mean BED
Mean Age Female White Graduate ———————— N
Samples N (Range) N (%) N (%) N (%) Current  Highest (%)

Weight control 1,785 42.9 1588 1647 779 31.0 35.2 514
(18 sites) (15-80) (89.0) (92.3) (43.6) (28.8)

Community 216 34.0 152 103 126 24.8 26.2 10
nonpatients (18-70) (70.4) 47.7) (59.2) (4.6)
(1 sample)

College 728 22.3 573 357 77 221 23.6 18
students (16-67) (78.7) (74.4) (16.0) (2.6)
(4 samples)

Bulimia 75 25.8 85 65 32 22.8 25.7
nervosa (17-48) (100) (85.5) (42.1)

(2 samples)

Note. BMI = body mass index; BED = binge eating disorder.

surprisingly, mean BMI values of subjects in the weight control programs were in the
high range, while those in the other samples fell in the normal range (below 27.5).

Prevalence of BED

The overall prevalence of BED in the weight control samples was 28.8% (95% confi-
dence interval from 27.9% to 29.7%), almost identical to that found in the weight con-
trol samples studied in the first multisite study (30.1%). There were interesting
differences in the prevalence of BED based on the type of weight control program. The
prevalence was lowest in the 491 subjects enrolled in the Jenny Craig Inc., program
(15.9%). These subjects, on average, had the lowest “current” and “highest-ever” BMIs
(27.8 and 32.0, respectively.) The highest prevalences of BED (52.2%, N = 23 and
56.6%, N = 63) were of the weight control samples from the two physicians who spe-
cialized in the treatment of patients with eating disorders. These subjects also had the
highest current and highest-ever BMIs among the weight control samples (35.4 and
37.1, and 37.1 and 39.8, respectively).

As in the first multisite study, BED was somewhat more common in females than
males (29.7% vs. 21.8%, p = .02). BED was not significantly more common in white
subjects than nonwhite (primarily African-American) subjects (29.4% vs. 22.2%).

In the nonpatient community sample the prevalence of BED was 4.6% (95% confi-
dence interval from 4.2% to 5.2%), similar to the 3.3% for the sample drawn from the
same facility in the first phase of the field trial. BED was not significantly more com-
mon in females than males (5.3% vs. 3.1%). (For comparison purposes, the prevalence
of purging bulimia nervosa was .5% [95% confidence interval from .36% to .64%]).

The prevalence of BED in the combined college student samples was 2.6% (95% con-
fidence interval from 2.9% to 2.3%). BED was not significantly more common in fe-
males than males (2.8% vs. 1.9%). Of interest, the overall prevalence of BED in the
females in the three U.S. student samples was 3.7% (N = 15) as compared with only
.6% (N = 1) in the female sample from the University of Toronto (two-tail Fisher exact
test = .048), suggesting the possible role of cultural factors in the development of BED.

The overall prevalence of bulimia nervosa in the female students was 1.2% (N = 7)
(95% confidence interval from 1.0% to 1.4%), less than half that of BED.
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Distinctive Clinical Features of BED

Table 3 presents the frequency of potentially distinctive clinical features of BED in
four samples. The first and second columns are the weight control samples divided
into those with the diagnosis of BED (BED+) and those without the diagnosis (BED—).
The third and fourth columns are for the bulimia nervosa and nonpatient community
samples, respectively. For each variable, the first row is the number of subjects, and
the second row the percent of subjects in the sample with the variable. Thus, the sec-
ond row of Table 3 indicates that in the weight control sample, 65.1% of the patients
with BED (BED+) had impaired relations with people because of being upset by eating/
weight as compared with 28.8% in the sample who did not have BED (BED—). The
same variable was present in 57.3% of the bulimia nervosa sample and in only 7.4% of
the nonpatient community sample.

The third row for each variable presents the odds ratio, which indicates how much
larger the odds for this variable are for the BED+ subjects than for the other sample.
All odds ratios have been adjusted by logistic regression to control for current BMI.

As can be seen, patients who meet criteria for the diagnosis of BED have signifi-
cantly greater odds of having all of the potentially distinctive clinical features than sub-
jects who are BED— or than nonpatient community subjects. In contrast, examination
of the third column indicates that on some clinical variables BED+ subjects are differ-
ent from bulimia nervosa subjects, whereas on other variables they are not distinguish-
able. As can be seen, a history of severe obesity and having gained and lost 20 Ib five
times or more, is far more common in BED than in bulimia nervosa. On the other
hand, reports of impaired work, evaluating self primarily by weight/shape and a his-
tory of depression, alcohol abuse, drug abuse, and sexual abuse are more common in
the subjects with bulimia nervosa. The two diagnostic groups do not differ on the
other variables: reports of impaired relations, weight/shape interfering with feeling
good, having seen a mental health professional, and being on diets more than half of
adult life.

BED, Severe Obesity, and Onset of Overweight and of Dieting

As in the first multisite study, within the weight control sample the prevalence of
BED was significantly associated with a history of severe obesity (defined as having
had a BMI of 35 or greater, a value associated with high risk for obesity-related mortal-
ity [Lew & Garfinkel, 1979]). Forty-three percent of the subjects with BED, as com-
pared with 27% of the subjects without BED, had a history of severe obesity. At their
highest weight, subjects with BED were 11 lb heavier than subjects without BED.

Within the weight control sample, subjects with BED had an earlier onset of being
overweight (at least 10 Ib as a child, or 15 Ib as an adult) than subjects without BED.
The average age of onset of overweight for the subjects with BED (N = 502) was 15.9
(SD = 9.3) as compared with 19.5 (SD = 11.4) for those without BED (N = 1,151) (p =
.001). The diagnosis of BED was associated with an earlier onset of significant dieting
(losing at least 10 Ib by dieting). The average age at onset of significant dieting for the
weight control subjects with BED (N = 440) was 20.0 (SD = 8.1) as compared with 24.0
(SD = 10.8) for those without BED (N = 1,074) (p = .001).

The relationship between onset of dieting and onset of binge eating was examined
by dividing the weight control subjects into three categories: those who binged before
significant dieting, those who binged after significant dieting, and those who reported
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that the age of onset of binge eating was the same as the age of onset of dieting. The
onset of binge eating more commonly preceded than followed the onset of significant
dieting. For subjects with BED (N = 387), 48.6% binged before dieting, 37.0% after di-
eting, and 14.5% the same age.

BED and General Measures of Psychopathology

Table 4 presents the means and standard deviations on Derogatis’s Brief Symptom
Index scale in four groups of subjects: the college sample, weight control subjects with-
out BED, weight control subjects with BED, and the bulimia nervosa samples. On all
scales, BED+ subjects had significantly higher values than BED— subjects (p = .001).
On all scales but one, Interpersonal Sensitivity, the bulimia nervosa sample had signif-
icantly higher values than the BED+ subjects (p < .001). On all of the scales, the BED—
sample has values that are closer to the values of the college sample than to the BED—
sample.

BED and Nonpurging Bulimia Nervosa

A possible confounding of the association of BED with the variables reported so far
is the inclusion in the diagnosis of BED of cases of nonpurging bulimia nervosa (i.e.,
excessive exercise, fasting, or abuse of medication in order to avoid weight gain from
binge eating). In order to determine if this potential confounding is appreciable, fur-
ther analyses were conducted on 724 subjects in the weight control samples who com-
pleted questionnaires that included inquiries about nonpurging bulimic behaviors.

In this sample, when subjects completed the questionnaire item on the abuse of
medication, many subjects referred to use of diet pills which, unlike diuretics or thy-
roid hormone, are specifically designed to control appetite and therefore may not con-
stitute an abuse of medication. Therefore the following analyses do not include this
item. (A suggested revision of the wording of this item is included in the Appendix.)

Table 4. Means (and standard deviations) for the Brief Symptom

Index scales in four groups: college sample, BED— and BED+ weight
control, and bulimia nervosa sample

Weight Weight

College Control Control Bulimia

Brief Symptom Index Sample BED- BED+ Nervosa
Scales N =720 N =833 N =296 N =67

Global Severity Index .68 (.51) .49 (.46) .89 (.67) 1.56 (.60)
Somatization .42 (.51) .34 (.46) .64 (.78) 1.31 (.68)
Obsessive Compulsive .97 (.72) .71 (.66) 1.13 (1.02) 1.78 (.72)
Interpersonal 1.01 (.82) .74 (.80) 1.40 (1.02) 1.60 (.80)

Sensitivity

Depression .78 (.76) .56 (.71) 1.13 (1.01) 1.65 (.69)
Anxiety .71 (.63) .52 (.58) .86 (.82) 1.59 (.72)
Hostility .69 (.69) .49 (.56) .89 (.80) 1.83 (.78)
Phobic Anxiety 34 (.47) 23 (.44) .55 (.72) 1.27 (.69)
Paranoid Ideation .70 (.68) .51 (.60) .87 (.80) 1.59 (.70)
Psychoticism .55 (.62) .36 (.54) .76 (.77) 1.72 (.77)

Note. BED— = without diagnosis of binge eating disorder; BED+ = diagno-
sis of binge eating disorder.
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If the diagnosis of BED excludes all cases with nonpurging bulimia, the prevalence of
BED is reduced by 12% (21.9% to 19.1%) but there was no appreciable effect on the
adjusted odds ratios reported in Table 3. Thus, excluding cases of nonpurging bulimia
nervosa from the diagnosis of BED, as in the diagnostic criteria now proposed, has no
appreciable effect on the magnitude of the association of BED with the validity vari-
ables examined in this study.

DISCUSSION

This second multisite study of BED confirmed the findings reported in the first study:
approximately 29% of individuals in a wide variety of weight control programs were dis-
tressed by recurrent binge eating and satisfied the initial diagnostic criteria for BED. Un-
like purging bulimia nervosa which is much more common in females (Striegel-Moore et
al., 1986), BED was only slightly more common in females than males in the weight con-
trol samples and was equally common in males and females in the community nonpa-
tient and college samples. BED was as common in nonwhite subjects as in white subjects
in both the weight control samples and the nonpatient community sample. As in the first
multisite study, BED was associated with a lifetime history of severe obesity and fre-
quent significant weight fluctuations.

The diagnosis of BED was strongly associated with variables that are external to the
defining features of the disorder: reports of impairment in work and social functioning,
overconcern with body/shape and weight, amount of time in adult life on diets, a his-
tory of depression or alcohol/drug abuse, and a history of treatment for emotional
problems. Of note, this pattern of associations was independent of the severity of obe-
sity and distinguishable from patients with purging bulimia nervosa. Subjects with
purging bulimia nervosa, as compared with patients with BED, were more likely to re-
port impaired work, evaluate themselves unduly by weight/shape, and to report a his-
tory of depression, and alcohol, drug, and sexual abuse. When BED was defined more
stringently to exclude cases of nonpurging bulimia nervosa, the prevalence of the dis-
order dropped slightly but the magnitude of the association with external validity vari-
ables was unchanged.

Additional support for the validity of BED was provided by the consistent associa-
tion of the diagnosis with general measures of current psychopathology. Subjects with
BED obtained mean scores on the Brief Symptom Index scales that were significantly
higher than those without BED. Other investigators have recently studied BED and
have confirmed its association with general measures of psychopathology (Yanovski,
Nelson, Dubbert, & Spitzer, 1992 manuscript; de Zwaan et al., in press). A submitted
manuscript, Yanovski et al. (1992) has also demonstrated that within a sample of mod-
erately and severely obese individuals, BED was associated with a lifetime prevalence
of major depression, panic disorder, borderline personality disorder, and avoidant per-
sonality disorder. On general measures of current psychopathology, subjects with BED
had lower values than those with purging bulimia nervosa, again providing support
for the validity of the diagnosis of BED.

The prevalence of BED in the combined college student samples was 2.6%, similar to
that obtained in the one college sample in the first phase of the field trial (2.7%), and
higher than that of purging bulimia nervosa (1.2%). Thus, in both the community non-
patient sample and in the college samples, the prevalence of BED was higher than that
of purging bulimia nervosa.
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The number of subjects with BED in the nonpatient community sample and in the
college sample was only 48 and may not be representative of untreated individuals in
the community. However, it is of interest that only 20 of these individuals currently
had BMIs in the overweight range (27.5 or greater) and only 25 had ever had BMIs in
the overweight range. (A similar finding was obtained in the first phase of the field
trial in a smaller sample of 19 community cases.) Thus, although in clinical settings the
great majority of persons with BED will be overweight, a large portion of untreated
individuals with BED in the community may be able to maintain a normal weight, per-
haps because they repeatedly take off weight gained during periods of binge eating or
markedly restrict caloric intake between binge episodes. Future studies with clinical in-
terviews of normal weight individuals with BED are necessary to determine how ap-
propriate weight is maintained.

Future studies are also needed of the cases of nonpurging bulimia that are now ex-
cluded from the diagnosis of BED. In the weight control sample, these cases did not
differ in current BMI from the subjects with BED (32.8 and 32.3, respectively) nor in
age (39.0 and 40.8, respectively) nor in odds ratio for being female (1.2 and 1.0, respec-
tively). In these subjects the nonpurging behavior that was designed to compensate for
the binge eating was not effective in maintaining a normal weight and may often have
not been medically hazardous. Thus, future studies are needed to determine if the di-
agnosis of BED should only exclude those cases in which the compensatory behavior
actually prevents significant weight gain or is medically hazardous, as is usually the
case with purging bulimia nervosa.

The hypothesis that in patients with BED the onset of binge eating would more com-
monly follow than precede dieting (and significant weight loss) was not supported.
These results are consistent with the results of a study of obese adolescents in whom
binging more frequently preceded dieting than the converse (Berkowitz, Stunkard, &
Stallings, 1992).

The criteria for BED have been deliberately set at a high threshold. The data from the
first multisite study, as well as the results of a study by de Zwaan et al. (in press) in-
dicate that the underlying disturbance represents a continuum of severity rather than a
dichotomy. This lack of a sharp boundary for the diagnosis of BED is, however, also
present for bulimia nervosa and such established psychiatric disorders as major de-
pression and the various substance use disorders.

The results of the two multisite studies of BED, as well as the results of other studies
of BED that have recently been completed (Yanovski et al., 1992, in press-a, in press-b
de Zwaan, in press; LaChaussee, Kissileff, Devlin, Goldfein, & Walsh, in press) sup-
port the utility of the diagnosis for a variety of clinical and research purposes. BED ap-
pears to be a common eating disorder, distinct from bulimia nervosa, which affects a
significant segment of the obese population, as well as some individuals of normal
weight. Ongoing studies will help to better understand its etiology, pathogenesis, and
most effective treatment.

The help of the following individuals and facilities that provided samples is gratefully ac-
knowledged:

Weight control samples: Scott J. Goldsmith, M.D., and Deborah Levitt, Ph.D., The Optifast
Program, Payne Whitney Clinic, New York Hospital-Cornell Medical Center, New York, NY;
Mr. David Zelitch and Mrs. Mary Jackson, Trevose Behavior Modification Program, Philadel-
phia, PA; Stanley Heshka, Ph.D., Obesity Research Center, St. Luke’s Roosevelt Hospital Cen-
ter, New York, NY; Robert A. Kanter, M.D., Horthwest Clinical Nutrition Center, Inc., Seattle,
WA; Anne K. Enright, The Optifast Program, St. Mary’s Hospital and Medical Center, San Fran-
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cisco, CA; Nina L. Dominy, M.S., Risk Factor Clinic, Portland, OR; Emily Fox Kales, Ph.D., Eat-
ing Disorders Program, McLean Hospital, Belmont, MA; Timothy D. Brewerton, M.D., Eating
Disorders Program, Medical University of South Carolina, Charleston, S.C.; Ronna Saunders,
LCSW, Center for Behavioral Change, Richmond, VA; Cathy Nonas, R.D., United Weight Con-
trol Corporation, New York, NY; Donald Pugatch, M.D., North Andover, MA; R. Lynn Horne,
M.D., University of Nevada School of Medicine, Las Vegas, NV (private patients) and Eating
Disorders Program, Lake Mead Hospital, Las Vegas, NV; Michael G. Perri, Ph.D., Weight Loss
Program, Department of Clinical and Health Psychology, Health Science Center, University of
Florida, Gainesville, FL; Jenny Craig, Inc., (14 sites in Portland, OR, Dallas, TX, and Las Vegas,
NV.

Nonpatient community sample: John L. Roglieri, M.D., Director, Employee Health Service,
Presbyterian Hospital, New York, NY.

College samples: Dr. Ruth Striegel Moore, Department of Psychology, Wesleyan University,
Middleton, CT; Dr. Patricia Connor-Greene, Clemson University, Clemson, S.C.; Dr. Janet Po-
livy, Department of Psychology, University of Toronto, Canada; Shirley Emerson, Ph.D., De-
partment of Psychology, University of Nevada, Las Vegas, NV.

Bulimia nervosa samples: Michael Devlin, M.D., Eating Disorders Clinic, New York State Psy-
chiatric Institute, New York, NY; Steve Romano, M.D., Eating Disorders Program, The New
York Hospital-Cornell Medical Center, Westchester Division, White Plains, NY;

Drs. B. Timothy Walsh and Deborah Hasin helped develop the questionnaire used in the
study.
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APPENDIX A

Questions and Decision Rules for Diagnosing Binge Eating Disorder,
and Bulimia Nervosa

Questions

1. During the past six months, did you often eat within any two hour period what

most people would regard as an unusually large amount of food?
1 Yes 2 No (IFNO:GOTOS5)

2. When you ate this way, did you often feel you couldn’t stop eating or control

what or how much you were eating?
1 Yes 2 No (IFNO: GO TO5)

3. During the past six months, on average, how often did you have times when
you ate this way— that is, large amounts of food with the feeling that your eat-
ing was out of control?

[F HAVING TROUBLE AVERAGING: There may have been some weeks when it
was not present. Just average them in.

1 Less than 1 day a week

2 One day a week

3 Two or three days a week

4 Four or five days a week

5 Nearly every day
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4. Did you usually have any of the following experiences during these occasions?

a) Eating much more rapidly than usual Yes No

b) Eating until you felt uncomfortably full Yes No

c) Eating large amounts of food when you didn’t Yes No
feel physically hungry

d) Eating alone because you were embarrassed by Yes No
how much you were eating

e) Feeling disgusted with yourself, depressed, Yes No

or feeling very guilty after overeating
5. In general, during the past six months, how upset were you by overeating (eat-
ing more than you think is best for you)?
1 Not at all
2 Slightly
3 Moderately
4 Greatly
5 Extremely
6. In general, during the past six months, how upset were you by the feeling that
you couldn’t stop eating or control what or how much you were eating?
1 Not at all
2 Slightly
3 Moderately
4 Greatly
5 Extremely
7. During the past six months, how important has your weight or shape been in
how you feel about or evaluate yourself as a person—as compared to other as-
pects of your life, such as how you do at work, as a parent, or how you get
along with other people?
1 Weight and shape were not very important
2 Weight and shape played a part in how you felt about youself
3 Weight and shape were among the main things that affected how you felt
about yourself
4 Weight and shape was the most important thing that affected how you felt
about yourself
8. During the past three months, did you ever make youself vomit in order to avoid
gaining weight after binge eating?
1 Yes 2 No
IF YES: How often—on average-—was that?
1 Less than once a week
2 Once a week
3 Two or three times a week
4 Four or five times a week
5 More than five times a week
9. During the past three months, did you ever take more than twice the recom-
mended dose of laxatives in order to avoid gaining weight after binge eating?
1 Yes 2 No
IF YES: How often—on average—was that?
1 Less than once a week
2 Once a week
3 Two or three times a week
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12.

13.
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4 Four or five times a week

5 More than five times a week
During the past three months, did you ever take more than twice the recom-
mended dose of diuretics or water pills to avoid gaining weight after binge eat-
ing?

1 Yes 2 No

IF YES: How often—on average—was that?

1 Less than once a week

2 Once a week

3 Two or three times a week

4 Four or five times a week

5 More than five times a week
During the past three months, did you ever fast—not eat anything at all for 24
hours—in order to avoid gaining weight after binge eating?

1 Yes 2 No

IF YES: How often—on average—was that?

1 Less than 1 day a week

2 Once day a week

3 Two or three days a week

4 Four or five days a week

5 Nearly every day
During the past three months, did you ever exercise for more than an hour spe-
cifically in order to avoid gaining any weight after binge eating?

1 Yes 2 No

IF YES: How often—on average—was that?

1 Less than once a week

2 Once a week

3 Two or three times a week

4 Four or five times a week

5 More than five times a week
During the past three months, did you ever take more than twice the recom-
mended dose of a diet pill in order to avoid gaining weight after binge eating?

1 Yes 2 No

IF YES: How often—on average—was that?

1 Less than once a week

2 Once a week

3 Two or three times a week

4 Four or five times a week

5 More than five times a week
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Decision rules for diagnosing BED

Question Response
#1 and 2 1 (binging)
#3 At least 3 (at least 2 days/week for six months)
#4 a) through e) At least 3 items marked “Yes” (associated
symptoms during binge eating episodes)
#50r6 Either item 4 or 5 (marked distress regarding binge
eating)

No current Bulimia Nervosa (see below)
Decision rules for diagnosing Purging Bulimia Nervosa

#1,2 Same as BED (binging)

#3 At least 3 (at least 2 days/week for six months).
Note: This is an approximation of the DSM-1V
criterion of 2 episodes/week for three months.

#7 3 or 4 (overevaluation of weight/shape)

#8,9 0r 10 Either item at least 3, 4, or 5 (purging at least 2
episodes/week for three months).

Decision rules for diagnosing Nonpurging Bulimia Nervosa

#1,2,3,7 Same as Purging Bulimia Nervosa

#8,9, 10 Neither item 3 or more

#11, 12, or 13 Either item at least 3 (nonpurging compensatory
behavior at least 2 episodes/week for three
months)
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Binge Eating Disorder: Current Knowledge

and Future Directions

Susan ZelitchYanovski

Abstract

Binge eating disorder (BED) is a newly characterized
eating disorder that encompasses individuals who
have severe distress and dysfunction due to binge
eating, but who do not regularly engage in inappro-
priate compensatory behaviors. While relatively
uncommon in the general community, BED becomes
more prevalent with increasing severity of obesity.
BED is associated with early onset of obesity, fre-
quent weight cycling, body shape disparagement,
and psychiatric disorders. These associations occur
independent of the degree of obesity. Although
many individuals with BED have good short-term
weight loss regardless of treatment modality, as a
group they may be prone to greater attrition during
weight-loss treatment and more rapid regain of lost
weight. Current treatments geared toward binge
eating behaviors include antidepressant medications,
cognitive behavioral psychotherapy, and interper-
sonal psychotherapy; however, these treatments
have little efficacy in promoting weight loss, and only
modest success in long-term reduction of binge eat-
ing. As a significant proportion of obese individuals
entering weight-loss treatment and research pro-
grams are likely to meet criteria for BED, those con-
ducting clinical research should be aware of this dis-
tinct subgroup and determine the contribution of
BED to outcome measures.

(OBESITY RESEARCH 1993;1:306-324)

Intreduction
Binge eating disorder (BED) is a newly character-
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ized eating disorder that encompasses individuals who
have severe distress due to binge eating, but who do not
regularly engage in inappropriate compensatory behav-
iors, such as purging or fasting. As approximately 30%
of patients presented for specialized weight-loss treat-
ment meet criteria for BED, affected individuals are
likely to constitute a large proportion of subjects partici-
pating in clinical research studies. This review presents
currently available data on the diagnosis, epidemiology,
clinical characteristics, and treatment of BED, and sug-
gests areas for future research.

Background

Binge eating is common in the obese. While binge
eating was first described by Stunkard (64) as a distinct
pattern among the obese in 1959, few studies were
devoted to further characterize obese binge eaters for
the next two decades. Several reports in the 1980s,
using varying definitions of binge eating and its severi-
ty, estimated that from 20%-50% of obese individuals
seeking treatment had moderate to severe difficulties
with binge eating (26,38,46). These individuals were
found to have greater levels of psychopathology (43), to
be more likely to drop out of weight-loss treatment (45),
and to regain lost weight more rapidly (45) than similar-
ly obese non-binge eaters. Some, but not all, studies
also found lesser weight losses during behavioral treat-
ment among those with identified difficulties with binge
eating (27,34,74). Most evidence from these early stud-
ies indicated that there was a distinct subgroup among
the obese who had serious difficulties with binge eating.
However, the American Psychiatric Association’s
Diagnostic and Statistical Manual, the DSM-III-R, rec-
ognizes only one eating disorder involving binge eating:
bulimia nervosa (4). Most individuals with bulimia ner-
vosa are young women of normal weight who purge
through the use of vomiting or laxatives. In order to
encourage scientific inquiry and develop effective treat-
ments for individuals with severe distress and impair-
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ment due to binge eating who do not engage in inappro-
priate compensatory behaviors, Spitzer and his col-
leagues spearheaded an effort to characterize a new eat-
ing disorder, binge eating disorder (BED) (60,61). BED
will be listed in an appendix for further study in the new
version of the Diagnostic and Statistical Manual, 4th
edition (DSM-1V).

Criteria for Diagnosis of BED

The preliminary criteria for binge eating disorder are
listed in Table 1. These criteria were developed in con-
sultation with the American Psychiatric Association’s
Work Group on Eating Disorders for the DSM-IV.
Interviews were conducted with individuals seeking
help because of distress about their eating. The primary
feature described by these individuals was recurrent,
uncontrolled overeating (62).

A self-administered questionnaire, the Questionnaire
on Eating and Weight patterns (QEWP), was developed
for determining the diagnosis as well as construct validi-
ty, and versions of this questionnaire have been used in

Table 1: Diagnostic Criteria for Binge Eating Disorder*

A. Recurrent episodes of binge eating. An episode of binge
eating is characterized by both of the following:
(1) eating, in a discrete period of time (e.g., within any
two hour period), an amount of food that is definitely
larger than most people would eat during a similar period
of time in similar circumstances
(2) a sense of lack of control over eating during the
episode (e.g., a feeling that one cannot stop eating or con-
trol what or how much one is eating)

B. During most binge episodes, at least three of the following
behavioral indicators of loss of control are present:
(1) eating much more rapidly than usual
(2) eating until feeling uncomfortably full
(3) eating large amounts of food when not feeling physi-
cally hungry
(4) eating alone because of being embarrassed by how
much one is eating
(5) feeling disgusted with oneself, depressed, or feeling
very guilty after overeating.

C. The binge eating causes marked distress

D. The binge eating occurs, on average, at least two days a
week for a six-month period

E. Does not currently meet the criteria for anorexia nervosa or
bulimia nervosa, purging or non-purging type.

*From Spitzer et al. (62)
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multisite field trials of BED (59,62). The current ver-
sion of the questionnaire (QEWP-R), along with deci-
sion rules for diagnosing BED, is included in Appendix
A,

The definition of binge eating in BED is identical to
that which will be used in the diagnosis of bulimia ner-
vosa in the DSM-IV and includes the requirements of
both an unusually large amount of food as well as an
accompanying feeling of loss of control. The frequency
criterion, while arbitrary, was designed to insure a high
threshold for labeling individuals with a psychiatric
diagnosis. Preliminary studies show that subjects with
BED have an average binge frequency of 3-5 days
weekly (41). There is some evidence that individuals
who binge eat less frequently than twice weekly may
have similar characteristics (16,73). Therefore,
researchers are encouraged to study varying frequencies
of binge eating and how this might impact on outcome
measures (61).

Further research is also necessary to better quantify
the nature of binges or overcating episodes, both in
terms of actual energy intake and in measures of loss of
control. In addition, quantifying the number and dura-
tion of binge episodes may be difficult when individual
episodes are not punctuated by purging. Marcus et al.
found that almost 25% of binge episodes in obese binge
eaters lasted an entire day (42). The Eating Disorders
Examination (EDE) (12) ditferentiates eating episodes
into subjective and objective bulimic episodes. In both
types of episodes, the individual perceives loss of con-
trol over their eating and belicves that he or she has con-
sumed an unusually large amount of food. In an objec-
tive episode, the examiner concurs that the amount is
definitely more than most people would eat, given the
same context (i.e., time of day, hours since last meal),
while if this judgment cannot be made with certainty,
the episode is labeled as subjective. Additionally, indi-
viduals may have overeating episodes, in which there
may be large food intake without loss of control. Use of
sophisticated instruments may be helpful in more pre-
cisely determining the nature and degree of abnormal

. eating behaviors in this population .

Differentiating BED from bulimia nervosa is also
problematic in that somne individuals with BED engage
in occasional (although not regular) compensatory
behaviors (62). Furthermore, some compensatory
behaviors such as exercise, caloric restriction, or use of
appetite suppressants are not necessarily inappropriate
in the obese. Since a diagnosis of bulimia nervosa is an
exclusionary criterion for diagnosing BED, this distinc-
tion is not trivial. Further refinement of the diagnostic
criteria, as well as research into compensatory mecha-

nisms used by obese binge eaters, will help to clarify
this issue.

OBESITY RESEARCH Vol. 1 No. 4 July 1993 307



REFERENCE 2
Binge Eating Disorder, Yanovski

A major disadvantage of developing diagnostic cri-
teria for BED is that such criteria arbitrarily convert a
continuous measure (severity of binge ealing) into a cat-
egorical one (presence or absence of BED). Thus,
important information about differing binge frequencies,
severity of associated eating-related behaviors and cog-
nitions, and response to treatment may be lost by prema-
turely rigid categorization. In addition to studying sub-
jects with differing frequencies of binge eating, use of
other well-validated methodologies to evaluate binge
eating severity and differing pattems of eating behaviors
may be very useful in better defining the phenomenolo-
gy and response to treatment of these individuals.

One instrument which has been in use for a number
of years is Gormally’s Binge Eating Scale (BES) (26).
The BES is a 16-item scale that was designed to deter-
mine severity of binge eating using behavioral manifes-
tations as well as affective and cognitive factors related
to binge eating. It has been shown to correlate well with
clinical determinations of binge eating severity (26).
Scores on the BES have also been shown to be correlat-
ed with increased energy intake in a laboratory setting
(79), and have been successfully used to categorize
severity of binge eating in many studies of obese binge
eaters (1,39,43,45,76). Another well-validated instru-
ment for assessing eating-related behaviors is the Three
Factor Eating Questionnaire (63). This questionnaire
measures three factors thought to be related to human
eating behaviors: cognitive restraint of eating, which
includes behaviors such as calorie counting and con-
sciously limiting food consumption to avoid weight
gain; disinhibition, which determines the degree of
diminution of self-control caused by affective, cogni-
tive, or pharmacologic factors; and hunger, which mea-
sures the extent to which the subject frequently experi-
ences feelings of hunger. Its criterion validity in the
measurement of populations with differing eating pat-
terns, including obese binge eaters (39,45), subjects
with bulimia nervosa (49,54), and normal-weight
restrained eaters (54), has been well-established.

Epidemiology

Most information about the epidemiology of BED
comes from two large, multisite field trials (59,62). The
QEWP was the instrument used in these studies to deter-
mine the prevalence of BED, as well as associated
demographic variables and clinical characteristics.
Subjects included 1,795 individuals in weight-loss treat-
ment programs, 1,124 individuals in a non-patient com-
munity sample (464 adults residing on Staten Island
who were contacted via random digit dialing, 660 new
employees of a medical center), 849 college students,
230 members of Overeaters Anonymous, and 75 nor-
mal-weight women receiving treatment for bulimia ner-
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vosa. Both in the first and second phases of the field
trial, BED was found to be slightly more common in
women than men (3:2) among patients attending weight-
loss treaunent programs. Similar female to male ratios
were found both in the community and college samples,
although this difference was not statistically significant
due to the small number of subjects with BED. Its
prevalence in non-Caucasians (primarily African-
Americans) was similar to the prevalence in Caucasians
in both the patient and community samples.

BED seems to be relatively uncommon in the com-
munity. The field trials found a prevalence of approxi-
mately 2.5% in non-patient community samples, with a
similar prevalence among college students. Among
subjects in the community sample meeting criteria for
BED, only about half were obese (BMI >27.5 kglmz),
indicating that other methods of weight control, such as
intermittent caloric restriction, are being used to main-
tain a nomal body weight. In the non-patient commu-
nity sample, only about 5% of those who were obese
met criteria for BED, indicating a low prevalence in
obese individuals not seeking weight-loss treatment.
Of 491 subjects enrolled in a commercial weight-loss
program (Jenny Craig), most of whom were mildly
obese (mean BMI 27.8 kg/m2), 16% met criteria for
BED. Most obese individuals in the field trial weight-
control samples were enrolled in intensive treatment
programs, such as university-affiliated behavioral treat-
ment or very low calorie diet programs. The prevalence
of BED in this sample was approximately 30%, remark-
ably similar to the prevalence reported in the early stud-
ies of binge eating. In members of Overeater’s
Anonymous, a self-help group for “compulsive
overeaters,” approximately 70% meet criteria for BED.
Thus BED, while relatively rare in the community,
becomes increasingly prevalent as severity of obesity
and complexity of treatnent increase.

Obese individuals with BED have an earlier onset of
their obesity than those without BED ( 15.9 vs 19.5 y in
the multisite trials), and have a more unstable weight
history (38,62). Episodes of weight cycling, defined as
losing and regaining more than 10 kg, are significantly
more frequent among those with BED (62). Several
studies have shown an association between increased
severity of obesity and increased prevalence of BED
(59,62,68).

The age of onset of BED is not known. Most indi-
viduals who are studied are enrolled in weight-control
programs and tend to be in their mid- to late 30s, older
than those with bulimia nervosa. In the field studies,
subjects with BED reported an average onset of dieting
at 20.0 y, compared to 24.0 y for those without BED
(62). Onset of binge eating was reported by subjects
who met criteria for BED at an average age of 20.7 y.
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Among those who did not meet criteria but reported
some binge eating, average age of onset was 22.5 y
(Robert Spitzer, personal communication, 1992).
However, this information is retrospective. The course
of the disorder, including when binge eating becomes
frequent and severe enough to meet diagnostic criteria
for BED, remains to be determined.

Etiology
Dietary Restraint )

While there is a strong association between strict
dieting and binge eating in normal-weight women with
bulimia nervosa (56), the evidence is by no means as
clear in obese individuals with BED. In the multisite
field trials, 49% of all individuals with BED reported
that their binge eating started prior to weight-loss diet-
ing, while only 37% reported dieting before binge eat-
ing. The remainder believed that the two started at
about the same time (62). Other studies confirmn that
binge eating more frequently precedes dieting than vice
versa (73). The retrospective nature of these findings
limits their validity, and prospective studies are needed
to resolve the question. Of interest, binge eating with-
out purging has also been described in obese adolescent
girls, very few of whom reported previous dieting (8).

While dietary restraint has long been postulated to
lead to binge eating (30) and is undoubtedly a contribut-
ing factor in some obese individuals with BED, the
nature and extent of this contribution remains in ques-
tion. Cognitive restraint (as measured by the restraint
subscale of the Three-Factor Eating Questionnaire) (63)
is actually the same or lower in obese binge eaters than
in non-binge eaters, while the hunger and disinhibition
scales are higher (39,45,81). This is in contrast to
women with bulimia nervosa, who score high on all
three subscales (54). Disinhibition, or loss of control
following cognitive, emotional, or pharmacological
stimuli, does appear to be prevalent in a significant pro-
portion of obese binge eaters.

Among obese clinic attendees, severe binge eating
has been found to be predictive of a significant counter-
regulatory response to a preload (47), supporting the
hypothesis that a history of dieting/overeating may cre-
ate a vulnerability to a greater degree of disinhibited eat-
ing. However, dieting and restraint are not necessarily
synonymous, and current dieters may respond different-
Iy from non-dieters, independent of degree of restraint
(40). Current weight (40) and presentation for weight-
loss treatment (47) may also impact on response to
dietary preloads. Some aspects of dietary restraint (such
as portion control and calorie counting) may be helpful
in moderating food intake (39).

In addition, the independent role of weight loss
(rather than restrained eating per se) in the etiology of

Ex. 6, Page 48

binge eating has not been adequately evaluated. The
further characterization of dietary restraint and dieting
behaviors and their interaction with binge eating is a
fruitful area for research. One study (81), evaluating the
effects of weight loss dieting on binge eating severity in
subjects with and without BED, found that both fre-
quency and severity of binge eating actually improved
after weight-loss treatment among subjects with BED,
and were unchanged in subjects without BED, despite
increases in dietary restraint among both groups. Thus,
the common contention that weight loss dieting in the
obese leads to increases in binge eating frequency and
severity remains unproven.

Dysphoric moods

Affective disorders are much more prevalent in
obese subjects with BED than in those not meeting cri-
teria for this disorder (43,80). Again, prospective stud-
ies are not available, and it is unknown if depression
represents a cause or a consequence of BED, or if it is
an unrelated factor. Many individuals with BED note
that dysphoric moods, such as sadness, anger, or bore-
dom precede a binge episode (37), and such moods may
trigger disinhibition in susceptible individuals. Negative
moods may act as potent stimuli for binge eating, even
in the absence of a restrictive eating pattern (5).
Negative affect, particularly guilt, is almost universal
following binge eating among non-purging obese binge
eaters (5). In those with bulimia nervosa, the act of
purging may relieve the guilt and negative mood result-
ing from the binge episode (11).

Obsessive-compulsive disorder

Many patients with BED view themselves as “com-
pulsive overeaters,” and obsessive-compulsive disorder
(OCD) is associated with both anorexia nervosa and
bulimia nervosa (55). Central arginine vasopressin,
which in animal studies significantly delays extinction
of behaviors learmed during aversive conditioning (57),
has been found to be elevated in patients with OCD (3),
anorexia nervosa (23), and bulimia nervosa (13), but

" there are no data available in patients with BED. Thus

far, neither those with BED (43,80) nor the obese in
general (29) have been found to have an elevated
prevalence of obsessive compulsive disorder or obses-
sive-compulsive personality disorder.

Addiction

Some researchers, clinicians, and patients, view
binge eating as an addictive behavior, similar to drug or
alcohol addiction. Foods, particularly carbohydrates,
are seen in this view as acting as mood-altering drugs,
via elevation of the central neurotransmitter serotonin
(77). Unfortunately, many of these studies are con-
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founded by the palatable nature of foods containing both
carbohydrate and fat. Women, in particular, prefer
fat/sweet combinations (as opposed to fat/protein com-
binations) (18). There is little scientific evidence for
“carbohydrate craving” during binge eating, and
indeed, fats as opposed to carbohydrates appear to be
preferentially consumed during binge episodes (79).
Similarities to other addictions have been noted.
Perceived abstinence violations represent a distinct
pathway to, binge eating (5). Borderline personality dis-
order, which is often associated with impulsivity and
substance abuse, has been reported in one study to be
much more prevalent in obese individuals with BED
than in those without BED (14% vs 1%) (80). An
increased prevalence of personal alcohol abuse (33,62)
and drug abuse (62) has been reporied in obese binge
caters. Additionally, obese binge eaters appear to have
an increased prevalence of familial alcohol and drug
abuse compared with non-binge eaters (33,80).
However, Wilson, Nonas, & Rosenblum (73) recently
assessed 31 obese binge eaters and 139 obese non-binge
eaters using a self-report version of the Eating Disorders
Examination. They found no evidence of a general
addictive tendency among obese binge eaters, who did
not report greater lack of control over use of alcohol,
nicotine, or gambling than obese non-binge eaters.

Sexual abuse

Sexual abuse has been postulated as etiologic for
severe obesity (9,19), with some researchers hypothesiz-
ing a particular association with “compulsive overeat-
ing” (24). Preliminary studies have not supported an
association between BED and sexual abuse, with preva-
lence of sexual abuse in obese subjects with BED simi-
lar to that reported in the general population (62,80).
One study did find a significantly increased prevalence
of “victimization,” defined as a positive response (0
screening questions regarding physical abuse, sexual
abuse, or other upsetting sexual experience, in obese
binge eaters (33). It.may be that certain types of sexual
abuse, such as childhood incest, are causal in a minority
of patients (71). Pope (51) has recently reviewed the
difficulties with many studies indicating a high preva-
lence of sexual abuse in patients with eating disorders,
and it appears that only well-designed epidemiological
studies will resolve the issue.

Pathophysiology and Psychopathology of BED
Physiologic Evaluation

There is no evidence that individuals with BED are
predisposed any more or less to the medical conse-
quences of obesity than those without the disorder (76).
However, since the prevalence of BED is increased with
more severe obesity, patients with BED represent a pop-
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ulation at risk for the medical complications of obesity.
Few studies investigating physiologic differences
between obese individuals with and without BED have
been done, and results must be viewed as preliminary.
O’'Neil et al. (50) found no differences between obese
patients with and without BED in fasting blood glucose
or lipid profile after adjustments were made for differ-
ences in BMI. Yanovski et al. (82) found no differences
in cortisol suppression after a 1 mg overnight dexa-
methasone suppression test between obese patients with
and without BED either before or after an average 17 kg
weight loss, despite a greater prevalence of depression
in those with BED before weight loss.

Gastric capacity, as measured by filling an intragas-
tric balloon, has previously been found to be increased
in normal-weight bulimic women as compared with nor-
mal-weight controls (22). Geliebter et al. postulated
that binge eating might enlarge gastric capacity, dimin-
ishing satiety signals and leading, through positive feed-
back, to ever increasing binge size. Recently, Geliebter
et al. (21) measured gastric capacity in a similar manner
in 9 obese women and found values intermediate
between normal-weight controls and normal-weight
women with bulimia nervosa. However, when they sub-
divided the obese women into binge and non-binge
eaters, the obese binge eaters had gastric capacities sim-
ilar to normal-weight bulimics, while the obese non-
binge eaters had gastric capacities similar to normal-
weight controls (data presented at NAASO meeting,
Atlanta, GA, September 4, 1992). This may lead to the
increased levels of hunger reported by these individuals.
It would be interesting to measure both gastric emptying
(slower in normal-weight bulimics than in normal con-
trols (22)) and cholecystokinin (CCK) in response to
meals in obese individuals with BED both before and
after weight loss in order to determine the contribution
of altered satiety signals to continued binge eating.

Ingestive Behaviors, Energy Expenditure,
and Nutrient Partitioning

Two studies have evaluated food intake in a labora-
tory setting in subjects with BED as compared with
obese controls. Both studies found that individuals with
BED consumed significantly more energy than obese
controls when asked to binge on a variety of palatable
foods (25,79). Subjects with BED also ate significantly
more than obese controls even when asked to eat nor-
mally, consuming more than 16 740 kJ (> 4000 kcal) at
one meal (79). During the meal at which subjects were
instructed to binge eat, subjects with BED, but not obese
controls, consumed a significantly greater percentage of
energy as fat and less as protein than in the normal meal
(79). In that study, energy intake was found to be sig-
nificantly correlated with scores on the Beck Depression
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Inventory (7), suggesting a relationship between dys-
phoria and increased food consumption.

In a study evaluating food consumption through 7-
day diet diary and 24-hour recall in obese binge eaters,
Rossiter et al. found an average binge frequency of 4-5
days weekly, with average binge-size of 2520 kJ (602
kcal), (range 100-25 300 kJ (25 to 6048 kcal) (53).
Protein and fiber consumption were decreased on binge
days, and energy intake was significantly greater on
binge days (9860 vs 6360 kJ [2357 vs 1528 kcal)).
While this study is valuable in pointing out the wide
range of foods and energy intake in what subjects sub-
jectively consider a “binge,” it is limited by both lack of
a control group of obese non-binge eaters and the
known inaccuracy of food records in estimation of ener-
gy intake, particularly in the obese (6,52). The average
caloric intake reported by their subjects (70 kJ/kg [16.5
kcal/kg] on non-binge days and 110 kJ/kg [26.8 kcal/kg]
on binge days) is inconsistent with the maintenance of
their obese state, suggesting an effect of record keeping
on eating behaviors or reporting, if energy expenditure
is assumed to be similar to obese non-binge eaters.
While it is possible that altemation of binge eating and
restriction could affect energy expenditure, as has been
reported both in abstinent patients with bulimia nervosa
using indirect calorimetry (2,20), and weight-stable
normal-weight restrained eaters using doubly labeled
water (69), a preliminary report has found no difference
in resting metabolic rate, as measured by indirect
calorimetry, between obese women with and without
BED, when adjustments were made for differences in
lean body mass (50). Further studies of energy expendi-
ture, particularly through the use of a metabolic cham-
ber or doubly-labeled water, would be helpful in deter-
mining whether differences exist in energy expenditure
between obese binge and non-binge eaters.

Yanovski & Sebring (81) studied the recorded food
intake of 17 obese women with and 16 obese women
without BED for 7-day periods before and after an aver-
age 22 kg weight loss. In contrast to the findings of
Rossiter et al. (53), they found no evidence of alternat-
ing binge eating and severe caloric restriction among
subjects with BED. While subjects with BED reported
an increased frequency of binge days and larger energy
intake during individual binge episodes than those with-
out the disorder, they also reported ingesting significant-
ly more energy during non-binge days. In fact, prior to
weight loss, subjects with BED reported consuming
more energy on non-binge days (11 280 kJ, 110 kl/kg
[2695 kcal, 25.3 kcal/kg]) than was reported by subjects
without BED on binge days (9570 kJ, 90 kJ/kg [2287
kcal, 22.1 kcal/kg)). When predicted energy expendi-
ture was calculated, subjects with BED reported ingest-
ing 95% of their predicted energy expenditure before
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weight loss, vs only 64% for non-binge eaters. After
weight loss, there was no difference between groups in
reported energy intake or in percent of predicted energy
expenditure reported as intake. These findings suggest
that, before weight loss, individuals with BED may be
more accurate in reporting their food intake, or less
restrained by keeping food records, than obese non-
binge eaters.

Individuals with BED also report an increased fre-
quency of weight cycling, and while the evidence thus
far does not support adverse effects of weight cycling on
body composition or body fat distribution (75), system-
atic prospective evaluation of body composition before
and after weight loss in this population is warranted.

Psychopathology

Increased psychiatric comorbidity has consistently
been associated with BED. Distress and dysfunction
have been reported in areas directly related to eating and
obesity, as well as more globally. Subjects with BED
have been shown to have more concern about shape and
weight (62), and have more body shape disparagement
(10) than those without the disorder.

McCann et al. (49) compared levels of psychiatric
comorbidity in “non-purging bulimics” (mean BMI
30.2 kg/m<4) vs normal-weight women with bulimia
nervosa. Those with purging bulimia nervosa were
found to have elevated prevalence of current major
depression, panic disorder, compulsive and narcissistic
personality disorders compared with obese non-purging
binge eaters, while non-purging bulimics had an
increased prevalence of past substance abuse. Spitzer et
al. (62) found that psychiatric symptoms, as measured
by the Derogatis Brief Symptom Inventory (14) were
higher in those with BED than in obese non-binge
eaters, but lower than in normal-weight women with
bulimia nervosa. Kirkley et al. (35) found that obese
binge eaters had elevated scores on the MMPI on 10/13
scales compared to obese non-binge eaters, but showed
less psychopathology. than normal-weight women with
bulimia nervosa. Thus, obese individuals with BED
appear to have a degree of psychopathology that is
somewhat less than those with bulimia nervosa, but
greater than obese non-binge eaters.

Marcus et al. (43) studied 25 obese binge eaters and
found rates of depression that were higher than in obese
non-binge eaters, while Spitzer et al. (62) found that
self-reported histories of depression, alcohol abuse, drug
abuse, and psychotherapy were significantly more
prevalent in subjects with BED. Yanovski et al. (80)
administered structured diagnostic interviews to 128
obese men and women (BMI >30 kg/m2) who were not
currently in weight-loss treatment. They found an
increased lifetime prevalence of major depression, dys-
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thymia, panic disorder, bulimia nervosa, borderline per-
sonality disorder, and avoidant personality disorder in
subjects with BED compared with those without the dis-
order. Among obese subjects without BED, the preva-
lence of both Axis I (major mental disorders) and Axis
II (personality disorders) diagnoses was similar to that
in the general population, even among the severely
obese (mean BMI 45.1 kglmz). Spitzer et al. also found
an association between BED and psychiatric symptoms
that is independent of degree of obesity (62). Thus, the
determination of the presence of BED has important
implications for both design and analysis of studies
evaluating psychopathology in the obese.

Treatment

Response to Weight-Loss Treatinent

Table 2 shows results of clinical studies comparing
weight-loss treatment results of obese binge and non-
binge eaters conducted over the previous 10 years. The
majority of these studies were prospective; however,
they used differing definitions of binge eating as well as
differing treaument modalities, making direct compar-
isons difficult.

Behavioral treatment of obesity

While there have been many reports of poor
response to conventional behavioral therapy in those
with severe binge eating (17,38,74), few studies have
directly compared treatment outcomes between obese
binge and non-binge eaters. Keefe et al. (34) retrospec-
tively studied 38 females and 6 males who had complet-
ed a behavioral weight-loss treatment program.
Twenty-three of the subjects met most or all DSM-III
criteria for bulimia (which did not require compensatory
purging). They found that identified binge eaters had
poorer weight loss both at the end of treatment and at
the six-month follow-up (although both groups lost
additional weight in the six-months following treat-
ment).

Marcus et al. (45) adapted standard behavioral
weight-loss treatment to incorporate cognitive behav-
ioral techniques that addressed eating and weight-relat-
ed behaviors thought to be associated with binge eating.
Binge and non-binge eaters were then randomly
assigned to either standard or modified behavioral treat-
ment. They found a group effect, in that binge eaters
had significantly higher drop-out rates than non-binge
eaters and regained their lost weight significantly faster.
However, there was no differential treatment effect, sug-
gesting that the modified behavioral treatment did not
significantly impact on weight loss.

Very Low Calorie Diet Programs
The response of obese binge and non-binge eaters (o

312 OBESITY RESEARCH Vol. 1 No. 4 July 1993

Ex. 6, Page 51

very low calorie diet programs has also been evaluated
in several studies. Yanovski et al. (78) studied 38 obese
women, 21 of whom met preliminary DSM-IV criteria
for BED, and 17 of whom clearly did not meet those cri-
teria. Subjects underwent a 3350 kJ/day (800 kcal/day)
diet for 12 weeks, followed by refeeding and caloric sta-
bilization. While there was no overall difference in
mean weight loss at the end of treatment, women with
BED lost significantly less weight than women without
BED during the middle third of treatment, encompass-
ing the latter half of the modified fast and first half of
refeeding, suggesting that this may be a time of particu-
lar vulnerability for individuals with BED. Similar per-
centages of women with and without BED were able to
adhere absolutely to both the modified fast and pre-
scribed food and formula regimen during refeeding.
Among those who lapsed during the fast, however, BED
(+) subjects consumed significantly more energy than
BED (-) subjects. BED (+) subjects also reported more
days with large (>4180 kJ [>1000 kcal) excess energy
intakes during refeeding. Mean weight regain did not
differ significantly between groups during the 12-month
follow-up; however, subjects with BED were at
increased risk for early major regain. Five of twenty
binge eaters (vs 0/17 non-binge eaters) had regained
over half of their lost weight by the 3-month follow up.
Differential attrition was also observed during post
treatment follow up. By 12 months post treatment, 76%
of subjects with BED were available for follow-up,
while 100% of non-binge eaters returned for follow-up
evaluation. Poor outcome one year after treatment,
defined as attrition from treatment, refusal to follow-up
for reasons related to treatment failure, or regain of all
lost weight was observed in 35% of subjects with BED,
and in none of the subjects without BED (p=0.02).
Thus, while mean weight loss and regain did not differ
between groups, a significant number of subjects with
BED had lesser weight loss, larger lapses in adherence,
and faster regain of lost weight than similarly obese
non-binge caters. Binge eaters were also more likely to
be lost to follow-up, which further decreases the proba-
bility of detecting differences between groups.

Wadden et al. (70) divided 235 obese women par-
ticipating in a VLCD program into three groups: Binge
eaters (12%), who met DSM-III-R criteria for bulimia
nervosa with the exception of purging; episodic
overeaters (11%), who reported binge eating episodes at
least twice per week but without loss of control; and
non-binge eaters, who did not meet the above criteria.
They then followed their subjects through a 26-week
very low calorie diet program similar to that described
in the above study. They found no significant differ-
ence in either weight loss during the program or follow-
up weight at one year, although the small number of
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subjects available at follow-up may have not provided
adequate power to detect differences. Episodic
overeaters were significantly more likely to drop out of
treatment during weeks 20-26, the time immediately fol-
lowing refeeding. This study emphasizes the need to
investigate individuals who may eat objectively large
amounts of food without associated loss of control, as
they may also be at risk for attrition from treatment.

La Porte (36) examined the responses of obese binge
and non-binge eaters (based on scores on the binge eat-
ing scale) to 10 weeks on a very low calorie diet pro-
gram. He noted no significant differences in weight
loss, adherence to diet, or drop-out rate, although there
was a trend towards higher drop-out rate among binge
eaters (32% vs. 17%). He also noted higher pre-treat-
ment and within treatment levels of anxiety and depres-
sion among binge eaters. No follow-up of this group
was reported.

Preliminary results from one study found no differ-
ence in 3-year follow up weight regain between 14
binge and 9 non-binge eaters who participated in a very
low calorie diet program, with both groups maintaining
approximately 43% of their initial weight loss (11.0
$.D. 10.3 kg, binge eaters; 12.9 S.D. 9.7 kg, non-binge
eaters) (32) . However, interim weights and additional
weight-loss treatment were not reported, and the large
standard deviation for regain in both groups suggests
that the extent to which individuals may have regained
weight was quite variable.

Pharmacotherapy

Marcus et al. (44) conducted a double-blind placebo
controlled study of fluoxetine combined with behavioral
treatment. They found that fluoxetine caused more
weight loss than placebo alone, but that there were no
significant differences in weight loss or other outcome
measures between binge and non-binge eaters. There
was a non-significant trend, however, toward lesser
weight losses among binge eaters in the fluoxetine
group as compared to non-binge eaters by the end of
treatment (3.9 vs 11.5 kg, p= 0.11, M. Marcus, personal
communication, 1992).

Response to Eating Disorders Treatinent

Because of the concerns that obese binge caters may
respond less well than non-binge eaters (o standard
weight-loss treatments, several studies have focused on
therapies geared toward the eating disorder, rather than
toward weight loss per se. Most of the techniques
employed have been developed for use in patients with
bulimia nervosa. The most common modalities used
include cognitive-behavioral psychotherapy, interper-
sonal psychotherapy, and pharmacotherapy, usually
with antidepressant medications.
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Preliminary studies have indicated antidepressant
medications may be more effective than placebo in
reducing binge eating frequency among obese binge
eaters, although not all studies have observed a signifi-
cant difference (1,48). Both cognitive-behavioral psy-
chotherapy (58,67,72) and interpersonal psychotherapy
(72) have been shown to have some efficacy in reducing
the frequency of binge eating in obese patients. A com-
parison of the two treatments found similar decreases in
binge eating with either treatment, with the average
number of binge eating episodes significantly lower
than at baseline for up to one year post-treatment (72).
Unfortunately, relapse is common after treatment is dis-
continued, and long-termn follow-up is limited. Less
than half of patients in that study were entirely abstinent
from binge eating by 16 weeks post treatment (72).
Additionally, significant weight losses have not been
observed with either cognitive behavioral or interper-
sonal therapies geared toward binge eating in the obese,
in the absence of specific strategies for weight loss (72).
Ongoing studies are addressing the effectiveness of
combined therapies and more intensive and protracted
treatinent. However, these early results indicate that
currently available treatments for BED have only mod-
est success in resolving binge eating behaviors, and
minimal success in achieving significant weight loss.

Response to combined eating disorders and weight loss
treatment

One published study has evaluated combined weight
loss and eating disorders treatment in obese binge
eaters. De Zwaan et al. (16) studied 64 women, 35% of
whom reported recurrent binge eating of moderate to
severe intensity. They conducted a double-blind place-
bo controlled study of cognitive behavioral psychothera-
py vs dietary management and the antidepressant med-
ication fluvoxamine vs placebo. No effect of treaunent
type on any outcome variable was found, with the
exception of decreased post-treatment depression rating
in binge eaters on fluvoxamine. While there were no
significant differences between groups (binge vs non-
binge eaters) in weight loss, there was a slightty higher
drop-out rate among binge eaters, and a nonsignificant
trend toward greater regains of lost weight at one year
follow-up (4.63 vs 1.55 kg, p=0.1).

Implications for Obesity Research

The majority of studies support the contention that
individuals with BED represent a distinct subgroup of
the obese. Such individuals tend to have earlier onset of
their obesity, spend more of their time on weight-loss
diets, are more concerned with their shape and weight,
and have more psychopathology than non-binge eaters,
regardless of severity of obesity. Because severely
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obese individuals are more likely to have BED, and
because their distress is likely to lead them to seek treat-
ment, patients with BED most likely make up a dispro-
portionate number of those in specialized obesity treat-
ment programs. Unrecognized differences between sub-
jects with and without BED in physiologic or psycho-
logical parameters, response 10 treatment, or long-term
outcome could confound results, making valid interpre-
tation difficult. For example, the great variability in
prevalence of psychopathology among the obese report-
ed in numerous studies can be explained, in large part,
by the high prevalence of psychopathology in subjects
with BED (65,80).

While the acute response to weight-loss treatment
has not been significantly different in all studies, many
have shown a trend toward lesser weight losses and
faster regain among binge eaters. Formal metaanalysis
of the published data could not be done due to signifi-
cant differences in case definitions, type and length of
treatment, and absence of standard deviations or stan-
dard errors in all studies. However, in every case, the
trend is toward higher drop-out rate in subjects with
BED or episodic overeating (Table 2). In addition, sub-
jects with BED may be less likely (o return for follow-
up, further skewing treatment results,

Many obese individuals with BED appear to do well
over the short term regardless of trcaunent. However,
subsets (e.g., those with concomitant depression) may
be particularly at risk for poor outcomes. Thus, even
among subjects with BED, attempts should be made to
determine which characteristics differentiate “respon-
ders” from “non-responders” in those undergoing vari-
ous treatments. Further studies evaluating not only
mean weight losses, but also non-parametric measures
(such as failing to meet predetermined criteria for suc-
cessful outcome), would be valuable in further charac-
terizing individual differences in response to treaunent.

Unlike anorexia nervosa (31) and bulimia nervosa
(28), BED appears to be prevalent among the obese in
both men and racial minorities. Racial and ethnic as
well as sex differences may have an impact on response
to treatment, even among patients with BED. Few stud-
ies of BED have included men and racial minorities,
despite the serious medical complications of obesity in
these groups, and special efforts should be made to
study these groups in the future.

Weight maintenance, while a problem for obese
individuals as a group, may be particularly problematic
for individuals with BED. Longer-term follow up
(which may need to be aggressive in this population) is
urgently needed. Given the history of weight cycling in
this population, frequent follow-up contacts (i.e., every
three months) to track weight changes and involvement
in treatment programs may be particularly desirable and
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give a more accurate picture than less frequent follow-
up measurements.

As patients with BED seem to be particularly vul-
nerable to psychological impairment, studies of these
individuals should also monitor long-term effects of
weight loss and/or regain on psychological functioning.
In particular, the long-term results of treatment on
depression, body shape disparagement, and dietary
restraint should be determined.

Individuals with severe obesity are a group of partic-
ular interest. Those undergoing surgical treatment for
obesity may be quite likely to have BED, but this is cur-
rently unknown. Sugarman describes “sweet addicts”
(66) who can outwit their gastric stapling procedures
and may respond preferentially to gastric bypass.
Evaluation of such patients for BED might be helpful in
determining which surgical candidates might benefit
from a given procedure.

Finally, obesity researchers should work in concert
with their colleagues who treat eating disorders in
designing clinical trials that will address both the
patients’ eating disorder as well as their obesity.
Treatments that focus solely on one aspect of this com-
plex problem at the expense of others are unlikely to be
satisfying to either patient or clinician. The ultimate
goal of matching treatments to the individual requires
that we better characterize our obese patients into clini-
cally useful subgroups. The recognition of BED offers
one such opportunity to advance obesity research.
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Appendix A
QUESTIONNAIRE ON EATING AND WEIGHT PATTERNS—REVISED
(QEWP-R)12:3
Last name First name M.L
Date I.D. Number

Thank you for completing this questionnaire. Please circle the appropriate number or response, or
write in information where asked. You may skip any question you do not understand or do not

wish to answer.

1. Age___ ___ years
2. Sex: 1 Male 2 Female
3. What is you ethnic/racial background?

1 Black (not Hispanic)
2 Hispanic

3 White (not Hispanic)
4 Asian

5 Other (please specify)

4. How far did you get in school?
1 Grammar school, junior high school or
less
2 Some high school
3 High school graduate or
equivalency (GED)
4 Some college or associate degree
5 Completed college
5. How tall are you?
feet_____in
6. How much do you weigh now?
Ibs

7. What has been your highest weight
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ever (when not pregnant)?
lbs

8. Have you ever been overweight by at least 10
Ibs as a child or 15 Ibs as an adult (when not preg-
nant)?

1 Yes 2 Noornotsure

IF YES: How old were you when you were first
overweight (at least 10 Ibs as a child or 15 lbs as
an adult?) If you are not sure, what is your best
guess?

___ ___years

9. How many times (approximately) have you lost
20 Ibs or more — when you weren't sick — and
then gained it back?

1 Never

2 Once or twice

3 Three or four times
4 Five times or more

10. During the past six months, did you often
eat within any two-hour period what most people
would regard as an unusually large amount of
food?

1 Yes 2 No

IF NO: SKIP TO QUESTION 15
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11. During the times when you ate this way, did
you often feel you couldn't stop eating or control
what or how much you were eating?

1 Yes 2 No
IF NO: SKIP TO QUESTION 15

12. Duringthe past six months, how often, on
average, did you have times when you ate this way
— that is, large amounts of food plus the feeling
that your eating was out of control? (There may
have been some weeks when it was not present —
just average those in).

1 Less than one day a week
2 One day a week

3 Two or three days a week
4 Four or five days a week

5 Nearly every day

13. Did you usually have any of the following
experiences during these occasions?

a Eating much more rapidly

than usual? Yes No

b Eating until you feit

uncomfortably full? Yes No
¢ Eating large amounts of

food when you didn't feel

physically hungry? Yes No
d Eating alone because

you were embarrassed by Yes No

how much you were eating?
e Feeling disgusted with

yourself, depressed, or Yes No

feeling very guilty after
overeating?

14. Think about a typical time when you ate this

way —that is, large amounts of food plus the feel-
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ing that your eating was out of control.
a What time of day did the episode start?

1 Morning (8 AM to 12 Noon)

2 Early afternoon (12 Noon to 4 PM)

3 Late afternoon (4 PMto 7 PM)

4 Evening (7 PM-10 PM)

5 Night (After 10 PM)

b Approximately how long did this episode

of eating last, from the time you started to eat to
when you stopped and didn't eat again for at least
two hours

hours minutes

¢ As best you can remember, please list
everything you might have eaten or drunk during
that episode. If you ate for more than two hours,
describe the foods eaten and liquids drunk during
the two hours that you ate the most. Be specific—
include brand names where possible and amounts
as best you can estimate. (For example: 7 ounces
Ruffles potato chips; 1 cup Breyer's chocolate ice
cream with 2 teaspoons hot fudge; 2 8-ounce glass-
es of Coca-cola, 1 1/2 ham and cheese sandwich-
es with mustard).

d Atthe time this episode started, how long
had it been since you had previously finished eat-
ing a meal or snack?

_ hours ____ minutes
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15. In general, during the past six months, how
upset were you by overeating (eating more than
you think is best for you)?

1 Not at all
2 Slightly

3 Moderately
4 Greatly

5 Extremely

16. In general, during the past six months, how
upset were you by the feeling that you couldn't stop
eating or control what or how much you were
eating?

1 Not at all
2 Slightly

3 Moderately
4 Greatly

5 Extremely

17. During the past six months, how important has
your weight or shape been in how you feel about or
evaluate yourself as a person— as compared to
other aspects of your life, such as how you do at
work, as a parent, or how you get along with other
people?
1 Weight and shape were not
very important

2 Weight and shape played a part in
how you felt about yourself

3 Weight and shape were among the
main things that affected how you
felt about yourself

4 Weight and shape were the most
important things that affected how
you felt about yourself.

18. During the past three months, did you ever
make yourself vomit in order to avoid gaining
weight after binge eating?

1 Yes 2 No
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IF YES: How often, on average, was that?

1 Less than once a week

2 Once a week

3 Two or three times a week
4 Four or five times a week

5 More than five times a week

19. During the past three months, did you ever
take more than twice the recommended dose of
laxatives in order to avoid gaining weight after binge
eating?

1 Yes 2 No
IF YES: How often, on average, was that?

1 Less than once a week

2 Once a week

3 Two or three times a week
4 Four or five times a week

5 More than five times a week

20. During the past three months, did you ever
take more than twice the recommended dose of
diuretics (water pills) in order to avoid gaining
weight after binge eating?

1 Yes 2 No
IF YES: How often, on average, was that?

1 Less than once a week

2 Once a week

3 Two or three times a week
4 Four or five times a week

5 More than five times a week

21. During the past three months, did you ever
fast — not eat anything at all for at least 24 hours
— in order to avoid gaining weight after binge eat-
ing?

1 Yes 2 No
IF YES: How often, on average, was that?

1 Less than one day a week
2 One day a week

3 Two or three days a week
4 Four or five days a week
5 Nearly every day
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22. During the past three months, did you ever
exercise for more than an hour specifically in order
to avoid gaining weight after binge eating?

1 Yes 2 No
IF YES: How often on average, was that?

1 Less than once a week

2 Once a week

3 Two or three times a week
4 Four or five times a week

5 More than five times a week

23. During the past three months, did you even-
take more than twice the recommended dose of a
diet pill in order to avoid gaining weight after binge
eating?

1 Yes 2 No
IF YES: How often on average, was that?

1 Less than once a week

2 Once a week

3 Two or three times a week
4 Four or five times a week

5 More than five times a week

24. During the past six months, did you go to any
meetings of an organized weight control program?
(e.g.Weight Watchers, Optifast, Nutrisystem) or a
self-help group (e.g., TOPS, Overeaters
Anonymous)?

1 Yes 2 No
IF YES: Name of program

25. Since you have been an adult—18 years old—
how much of the time have you been on a diet,
been trying to follow a diet, or in some way been
limiting how much you were eating in order to lose
weight or keep from regaining weight you had lost?
Would you say...?

1 None or hardly any of the time
2 About a quarter of the time

3 About half of the time

4 About three-quarters of the time
5 Nearly all of the time

26. SKIP THIS QUESTION IF YOU NEVER
LOST AT LEAST 10 LBS BY DIETING:

How old were you the first time you lost at least 10
Ibs by dieting, or in some way limiting how much
you ate? If you are not sure, what is your best
guess?

__ years
27. SKIP THIS QUESTION IF YOU'VE NEVER
HAD EPISODES OF EATING UNUSUALLY

LARGE AMOUNTS OF FOOD ALONG WITH THE
SENSE OF LOSS OF CONTROL: How old were
you when you first had times when you ate large
amounts of food and felt that your eating was out of
control? If you are not sure, what is your best
guess?

years

28. Please take a look at these silhouettes. Put a circle around the silhouettes that most resemble the
body build of your natural father and mother at their heaviest. If you have no knowledge of your biological
father and/or mother, don't circle anything for that parent.
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DECISION RULES FOR DIAGNOSING BINGE EATING DISORDER USING THE QUESTIONNAIRE ON EATING AND
WEIGHT PATTERNS, Revised1:2:3

(FOR EXAMINER’S USE ONLY)
DIAGNOSIS OF BED
QUESTION NUMBER RESPONSE
10 AND 11 1 (BINGE EATING)
12 3,4, 0R 5 (AT LEAST 2 DAYS PER WEEK FOR SIX MONTHS)
13 a through e 3 OR MORE ITEMS MARKED “YES”

(AT LEAST 3 ASSOCIATED SYMPTOMS DURING
BINGE EATING EPISODES)

15 0R 16 4 0R 5 (MARKED DISTRESS REGARDING BINGE EATING)

DIAGNOSIS OF BED REQUIRES ALL OF THE ABOVE ALONG WITH THE ABSENCE OF PURGING
OR NON-PURGING BULIMIA NERVOSA, AS DEFINED BELOW.

DIAGNOSIS OF PURGING BULIMIA NERVOSA

10 AND 11 1 (SAME AS BED)

12 3,4, OR 5 (AT LEAST 2 DAYS PER WEEK FOR SIX MONTHS)
Note: This is an approximation of the DSM-1V criterion
of at least 2 episodes/week for three months).

17 3 OR 4 (OVEREVALUATION OF WEIGHT/SHAPE)

18,19, OR 20 ANY RESPONSE 34, OR 5 (PURGING AT LEAST 2
TIMES PER WEEK FOR THREE MONTHS)
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DIAGNOSIS OF NON-PURGING BULIMIA NERVOSA
10,11,12,17 SAME AS PURGING BULIMIA NERVOSA

18, 19, AND 20 NO RESPONSE 3, 4, OR 5 (NO FREQUENT COMPEN-
SATORY PURGING)

21,22, 0R 23 ANY RESPONSE 3, 4, OR 5 (COMPENSATORY NON-
' PURGING BEHAVIOR AT LEAST TWO TIMES PER WEEK
FOR 3 MONTHS)

QUESTION FOR RESEARCH PURPOSES ONLY
(NOT TO BE USED FOR DIAGNOSIS OF BED OR
BULIMIA NERVOSA, PURGING OR NON-PURGING TYPE)

14 a through d EXAMINER'S JUDGMENT THAT AMOUNT OF FOOD
DESCRIBED IS UNUSUALLY LARGE GIVEN CIRCUMSTANCES
(LE., TIME OF DAY, HOURS SINCE PREVIOUS MEAL)

YES___ NO UNSURE

TRobert L. Spitzer, Susan Z. Yanovski, Marsha D. Marcus.

2The following individuals contributed to the development of previous versions of the QEWP:Stewart
Agras, Michael Devlin, Deborah Hasin, James Mitchell, Cathy Nonas, Albert Stunkard, Thomas Wadden,
B. Timothy Walsh, Rena Wing.

3Silhouettes from: Stunkard AJ, Sorensen T, Schulsinger F. Use of the Danish Adoption Register for the
Study of Obesity and Thinness. In: Kety SS, Roland LP, Sidman RL, Matthysse S.W., eds. The Genetics
of Neurological and Psychiatric Disorders. New York: Raven Press; 1983:119. Used by pemission.
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Binge Eating Disorder: Recognition, Diagnosis, and Treatment

Timothy D. Brewerton, MD

A new diagnostic classification within the eating disorders group called "binge eating
disorder" (BED) has been proposed in the DSM-IV. BED identifies a group of patients
who regularly engage in binge eating without the regular use of compensatory purging.
These patients appear to manifest a primary disturbance in eating behavior, although in
some cases the binge eating may be a secondary symptom of depression and/or anxiety.
The recurrent and chronic binge eating associated with BED clearly predisposes patients
to the morbidity and mortality associated with obesity. Like bulimia nervosa, BED is
associated with significant but generally less severe psychiatric comorbidity, including
affective, anxiety, and personality disorders. The diagnosis, history, epidemiology,
psychiatric comorbidity, and treatment of this proposed disorder are reviewed in this
article.

Binge eating disorder (BED) has been proposed as a diagnostic entity and is now listed in
the appendix of the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV).!""®) BED is defined by recurrent episodes of binge eating at least 2
days a week for at least 6 months. In addition, there is a subjective sense of a loss of
control over binge eating, which is indicated by the presence of 3 of 5 specific criteria.
These include eating rapidly, eating when not physically hungry, eating when alone,
eating until uncomfortably full, and feeling self-disgust about bingeing.

Albert Stunkard'"*! first described binge eating in a subset of obese patients and coined
the term "night eating syndrome" (NES), which is similar to but distinct from BED. The
newer, evolved concept of BED does not have the nocturnal component as a requirement.
In NES, binge eating occurs nocturnally and is followed by morning anorexia and food
restriction, which is thought to contribute to the next cycle of overeating. Other unofficial
but related terms have appeared in the literature to describe individuals with binge eating
not complicated by purging, such as "obese binge eaters" or "compulsive overeaters."'!]
Kornhaber''? described the "stuffing syndrome" in 1970. Since the publication of the
DSM-III in 1980, these individuals have been officially, yet nonspecifically, classified as
having an "eating disorder not otherwise specified (EDNOS)."”!

The first acknowledgment of binge eating in American psychiatry's diagnostic
classification system occurred in the DSM-III; designated "bulimia," it encompassed not
only bingeing but purging and preoccupation with body shape and weight as well. The
revised edition of the DSM-III (DSM-III-R), published in 1987, adopted the term
"bulimia nervosa,""*! which was coined by Gerald Russell in 1979. Russell
conceptualized this syndrome as "an ominous variant of anorexia nervosa."!"”! Binge
eating per se, without counteractive weight-reducing behaviors, was not identified as a
major psychiatric disorder or problem until the recent inclusion of BED in the DSM-IV
appendix.!!!
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As our knowledge base about psychiatric disorders in general has increased over the
years, our diagnostic classification system has evolved to describe them more accurately.
Within this overall process, the eating disorders have only recently received serious
research interest. The inclusion of nonpurging binge eating as an illness is a natural
extension of this evolving process. Like bulimia first, and then bulimia nervosa, the
diagnostic classification of BED will allow this group of patients to be further studied
from a clinical research perspective and also to receive more accessible and appropriate
treatment. In my view, BED depicts a serious psychologic problem that has been
heretofore underrecognized and undertreated. However, the exact boundaries of BED
remain to be further clarified, and it is likely that the criteria will continue to evolve as
our knowledge base increases.

One of the major controversies regarding the diagnosis of BED includes its
differentiation from nonpurging bulimia nervosa as currently defined in DSM-IV ']
Nonpurging bulimia nervosa involves fasting and excessive exercise as compensatory
behaviors, as well as preoccupation with body shape and weight.!'! However, the
similarities between these 2 conditions appear to outweigh their relatively minor
behavioral differences. In clinical practice, these disorders tend not to be distinct entities
but exist on a continuum. Patients also go in and out of the criteria over time. It is very
difficult clinically to distinguish between what are appropriate weight loss measures to
combat obesity versus the excessive amount of counteractive exercise that characterizes
nonpurging bulimia nervosa. In addition, both obese bingers'''® and BED patients have
been reported to have similar attitudes about body weight and shape, as compared with
both nonpurging'"®! and purging bulimia nervosa patients.*”! Regardless of the
appellation, it is clear from epidemiologic studies that a meaningful number of patients
have clinically significant binge eating and related psychopathology, not complicated by
purging, that warrants treatment.

In the laboratory, BED patients have been shown to eat significantly more calories during
a binge meal than non-BED obese patients.”*"**! (Simple obesity is defined as a
BMI>=30). Dietary restraint and/or disinhibition appear to play major roles in triggering
binge episodes.!**

As discussed above, the occurrence of binge eating in a subset of obese individuals has
been noted by clinical investigators for some time. As a logical outgrowth of this work,
the prevalence rate of BED was first reported in cohorts of obese patients attending
weight loss clinics or programs.”! In these samples, 20% to 46% of subjects were
reported to meet BED criteria using self-report measures.”>'*'"] However, it is important
to observe that patients tend to overestimate the presence of binge eating on self-report
questionnaires, as opposed to the prevalence rates gained from structured interviews
using standardized criteria, such as the Questionnaire of Eating and Weight
Patterns.'****"! Spitzer and colleagues”’ reported that the prevalence of BED in weight
control samples as assessed by questionnaire was approximately 30%, with the rate being
slightly higher in females than males. In 2 field studies of nonpatient community
samples,” these authors reported BED prevalences of 3.3% and 4.6%, with the rates
being comparable in females and males (5.3% vs 3.1%). In a college student sample,"’
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the rate was 2.6%, and there was no significant difference in the rates between females
and males, a striking difference between BED and bulimia nervosa patients. The validity
of BED was supported by associations with impaired work and social functioning,
overconcern with body shape and weight, general psychopathology, and amount of time
on diets. No significant racial differences were found in BED prevalence rates in these
studies.

A study of a representative sample of 3006 adult women in the US was carried out by our
group using a structured telephone interview based on DSM-III-R and proposed DSM-IV
criteria.”®>" Target households were identified by random digit dialing and were taken
from four stratified regions of the US. We found that 1.0% of adult women met lifetime
BED criteria, with about two thirds of these women meeting current criteria (6- and 12-
month prevalence). BED respondents were distinct from another 2.4% of women who
met lifetime criteria for bulimia nervosa. Surprisingly, there were no significant
differences in age, weight, or race between respondents with BED and respondents with
bulimia nervosa, although both groups were significantly younger and heavier than non-
eating-disordered respondents. Because these results were obtained from a carefully,
controlled representative sample of US women, they confirm that a substantial number of
American adult women have clinically significant problems with binge eating not
complicated by purging. When the binge duration criteria were relaxed from 6 to 3
months, the rate of BED increased from 1.0% to 1.6%.!*"

In a community study from California using a structured telephone interview, 1.8% of
455 adult women met DSM-IV BED criteria.”"! Another 3.8% of women met all but the
frequency criteria for BED.

In a questionnaire-based community study from Norway involving 1849 adult women,
the lifetime prevalence of BED was 3.2%.%! And a similar study from France*! based
on a self-report questionnaire found a 9% to 15% BED rate in weight control samples and
a 0.7% rate in a community sample of 447 women who were not patients. Although these
studies have major methodologic differences, the results suggest that the prevalence of
BED, like that of bulimia nervosa, may vary by culture and country.

The medical comorbidity associated with BED is essentially the same as that associated
with obesity, including increased morbidity and mortality from cardiovascular disease,
hyperlipidemia, adult-onset diabetes mellitus, and certain cancers, such as endometrial
and breast cancers. This risk increases linearly as weight or body mass index (BMI;
weight divided by height squared, or kg/m?) increases. Because of the increasingly
recognized overlap between obesity and psychiatric disorders,”* and society's continued
stigmatization of both the obese and the mentally ill, psychiatric input is going to be
increasingly required for the optimal treatment of these patients. This relationship is
further complicated by the fact that many psychotropic medications, as well as some
nonpsychotropic drugs, are associated with weight gain and other possible medical
complications. Obese patients with BED have been reported to have greater degrees of
eating and weight-related pathology, as well as body image distortion and preoccupation,
when compared with non-BED obese patients.!''>%
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Obese patients with BED who attend weight loss clinics have been reported to have a
harder time remaining in weight loss programs and losing weight.!'>*”1 However, in one
controlled study comparing BED obese and non-BED obese patients, the presence of
BED did not affect weight-loss outcome or dropout rate.” In a community study,
Ferguson and Spitzer™™ reported that unsuccessful dieters were more likely to meet BED
criteria than successful dieters. No differences in resting metabolic rate, thyroid hormone
levels, or serum lipid levels between obese bingers and obese nonbingers has been
reported.”*"*'1 Obese bingers were reported to have a higher degree of weight cycling in
one study,**! but not in another.!*!!

The relationship between BED and other psychiatric comorbidity has been of major
clinical and research interest. A number of investigators have reported that a subset of
obese patients engage in overeating or bingeing in response to emotional stress, so-called
"emotional eating.""*>**! BED patients have a greater tendency to overeat in response to
negative mood states than other patients."'”! Systematic studies of obese patients meeting
BED criteria indicate higher-than-expected rates of affective, anxiety, and personality
disorders, in addition to emotional problems in general.[*******! In one study of 107
obese women with BED, a significant positive relationship was found between severity
of binge eating and degree of psychiatric symptomatology, as measured by several
psychometric instruments (Binge Eating Scale [BES] SCL-90, Beck Depression
Inventory, Inventory of Interpersonal Problems, Rosenberg Self-Esteem Scale).[*"
DeZwaan and colleagues'** also found an association between binge eating and a number
of measures of psychopathology (HAM-A, HAM-D, Three-Factor Questionnaire, Binge
Eating Scale, Eating Disorder Inventory, Beck Depression Inventory, New York State
Self-Esteem Scale.)

In the National Women's Study, Dansky and colleagues®® found that the lifetime
prevalence of major depression was 31% in BED respondents and 36% in bulimia
nervosa respondents. Both of these rates were significantly higher than the 15% rate of
major depression in the nonbingeing comparative group. It is notable that major
depression was not present in the majority of respondents, given that some BED
opponents argue that binge eating is merely a symptom, albeit atypical, of depression, but
these results do not support this assertion in most people with BED. A recent study of 30
BED patients vs. 30 non-BED patients confirms the finding that dysphoric emotional
states often trigger binge eating episodes and a sense of loss of control.”” However, these
patients are not necessarily clinically depressed at the time of bingeing. In one study of
the chronological relationship between the times of onset of bingeing, dieting, and
depression, it was found that BED subjects tended to begin bingeing during adolescence
and prior to the onset of depression, dieting, or obesity.”'! Nevertheless, the higher rates
of depression and anxiety associated with BED support an affect-regulation hypothesis
for binge eating.

Dansky and associates'™ also found that the lifetime prevalence of posttraumatic stress
disorder (PTSD) was 21% in BED respondents compared with 9% in nonbingeing
respondents. Unlike bulimia nervosa, rates of criminal-victimization experiences
(including rape, molestation, attempted sexual assault, and aggravated assault) were
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comparable to the non-BED/non-bulimia nervosa group. However, given the higher rate
of lifetime PTSD, the subjects with BED may have been exposed more often to other
types of traumatic experiences or stressors than were subjects without BED. In a clinical
sample, Yanovski and coworkers'’! also failed to find a difference in reported rates of
sexual abuse in BED versus non-BED obese subjects. However, BED patients did have
significantly higher rates of panic disorder and personality disorder in this study.

Clinical experience dictates that BED patients often report histories of significant family
dysfunction, if not overt childhood physical and emotional abuse and/or neglect. Hodges
and colleagues studied the perceived family environments of 131 eating disorder
patients presenting for evaluation and treatment, including 43 patients with BED."!
Scores on the Family Environment Scale (FES) indicated less cohesion in the families of
BED patients compared with the families of anorexia nervosa, but not bulimia nervosa,
patients. In addition, lower scores were found on the activity-recreation subscales for the
BED group compared with all other eating disorder subtypes (anorexia nervosa, bulimia
nervosa, and anorexia nervosa plus bulimia nervosa). The BED group also had higher
conflict and control subscale scores and lower cohesiveness, expressiveness,
independence, intellectual-cultural, and activity-recreation subscale scores compared with
2 normal control samples.

Higher rates of impulsive behaviors, such as kleptomania and compulsive buying, have
been reported in patients with BED."*! Likewise, higher rates of cluster B and C
personality disorders have been reported in patients with BED."***%! Although rates of
substance abuse disorders were not significantly higher in obese BED patients compared
with obese non-BED patients, the rate of alcoholism in family members of BED patients
was significantly higher."*”? Given these relationships, patients with BED have been
hypothesized to fall within the continuum of compulsive-impulsive disorders”* and
affective spectrum disorders.>

Behavioral treatments for obesity have been shown to work repeatedly, but only in the
short term for the vast majority of patients.””! Patients with BED appear to be more
resistant to these commonly employed strategies and are more likely to relapse in the
long-term, even if initially successful. In fact, it may be that dietary restraint (ie, dieting)
has a disinhibiting effect on "binge eating," thereby contributing to the marked weight
fluctuations that these patients often manifest. In addition, emotional issues and
psychiatric comorbidity are not typically addressed in purely behavioral forms of
treatment. These patients may have a variety of needs that are best approached from the
standpoint of a biopsychosocial model. Therefore, a multidisciplinary approach is often
required, including working with the patient's internist or family practitioner, dietitian,
psychotherapist, and physical therapist. A common philosophy of treatment is to put the
goal of weight loss on the "back-burner" initially. Decreasing binge eating by
normalizing eating behavior and addressing associated emotional symptoms and/or
psychiatric disorders must take precedence for successful treatment to occur.

Guided by the successes in the treatment of bulimia nervosa,”>>" depression, and anxiety
disorders, recent studies using sophisticated, manual-driven, cognitive-behavioral therapy
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(CBT) have shown promise in the treatment of BED. This form of psychotherapy pays
particular attention to the patient's behavior and thinking rather than the underlying
feelings or psychodynamics. There have been only a few controlled trials of CBT in BED
so far. In a 10-week study of CBT versus waiting-list controls in 44 women with
nonpurging bulimia, Telch and colleagues™” found a 94% decrease in the frequency of
binge eating episodes, while the waiting-list controls showed a decrease of only 9%.
Seventy-nine percent of the CBT group became completely abstinent from bingeing.

In a similar study comparing 10 weeks of group CBT versus group interpersonal
psychotherapy (IPP) versus waiting-list controls in 46 nonpurging bulimic patients,
Wilfrey and associates”®! found that the number of binge days per week decreased by
48% during group CBT, 71% during group IPP, and 10% during the wait-list period.
However, Agras and coworkers™ reported that IPP offered no added benefit to BED
patients unresponsive to CBT. In a study of obese binge eaters, Smith and others!®”!
reported an 81% decrease in the frequency of binge eating episodes following 16 weeks
of CBT, but there was no control group in this study.

Given the available data, treatment should initially focus on the reduction of binge eating
per se as well as on eating regular meals with little or no snacking, particularly before
bedtime. In addition, treatment should identify and challenge cognitive distortions. If
binge eating and the associated lack of restraint and disinhibition are successfully
controlled, then some degree of weight loss may become an automatic secondary effect.
Patients may have more energy to embark on a mild-to-moderate exercise regimen and
may also be generally less depressed and anxious. However, in patients unresponsive to
behavioral and/or psychotherapeutic treatments, psychopharmacologic approaches should
be considered.

Because of its strong links to affective illness and other disorders linked to serotonin
dysregulation,®"! clinical investigators have hypothesized that the selective serotonin
reuptake inhibitors (SSRIs) would be a good treatment for both obesity and BED (Table
I). A double-blind placebo-controlled study (N=45) of fluoxetine in the treatment of
obesity showed an early weight loss response, but this effect completely disappeared by
the end of 1 year on the drug.'” In another study of fluoxetine in 45 obese patients (with
and without binge eating), Marcus and colleagues'®* reported that patients who received
fluoxetine plus behavior modification therapy lost significantly more weight than those
on placebo and behavior modification.!”! This difference between fluoxetine and placebo
persisted regardless of the presence of binge eating; however, the sample sizes of these
subsets were too small for definitive conclusions regarding the similarities and
differences between bingeing and nonbingeing obese patients.

Preliminary open-label studies of fluvoxamine and paroxetine in BED patients have
indicated significant reductions in binge frequency.”* More controlled studies of BED
with new-generation antidepressants are clearly needed, but this class of drugs holds
promise. In particular, sertraline, venlafaxine, and nefazodone are also likely to
significantly impact binge eating favorably given their serotonin reuptake inhibition.
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Tricyclic antidepressants. Some data exist regarding the possible role of tricyclic
antidepressants (TCAs) in the treatment of BED. In a 12-week study of 23 women with
nonpurging bulimia, McCann and Agras'® reported that desipramine reduced binge
eating by 63% compared with a 6% increase reported with placebo. In another study of
33 bingeing obese patients and 22 patients with bulimia nervosa, Alger and associates'®”’
reported no significant difference in binge frequency following treatment with
imipramine or naltrexone versus placebo. However, imipramine significantly reduced
binge duration in bingeing obese patients. Tricyclic antidepressants, especially
desipramine, may therefore play a role in the treatment of BED, as they do in bulimia
nervosa. However, in clinical practice, it is generally recommended that the first-line
psychopharmacologic treatment strategy involve an SSRL.Y

TCAs are often associated with weight gain, probably resulting from a combination of
hyperphagia induction via stimulation of noradrenergic pathways in the hypothalamus
and a decrease in metabolic rate. The use of MAOIs is of questionable value in a
population that loses control over eating and thus would have difficulty maintaining the
necessary food restrictions. However, MAOIs could be a consideration in clear-cut cases
of atypical depression that are unresponsive to SSRIs, venlafaxine, nefazodone,
desipramine, and/or dexfenfluramine.

There has been more recent interest in dexfenfluramine (dextrorotatory fenfluramine)
since its US release in 1996 for the treatment of obesity. In a large double-blind placebo-
controlled study in 4 European countries, dexfenfluramine has been shown to
significantly reduce weight loss by an average of 10% over the course of 1 year.!® This
amount of weight loss, although modest, is known to significantly reduce medical
comorbidity in obese patients (eg, improving hypertension, hyperlipidemia, and glycemic
control). Notably, depression, headache, asthenia, and diarrhea were the major reasons
given by subjects for study discontinuation. Dexfenfluramine appears to have little or no
potential for abuse, given that animal studies indicate no hedonic-reinforcing properties
(similar to saline).

Studies of d,l-fenfluramine (racemic fenfluramine) have shown that acute administration
significantly reduces binge eating in bulimic subjects./”) Drug trials in patients with
bulimia nervosa have been equivocal, but suggest a possible beneficial effect of
fenfluramine in certain cases.'®*®! Its use must be weighed carefully against the rare life-
threatening adverse effect of primary pulmonary hypertension, which is estimated to
occur in 23 to 46 cases per million annually, compared with 1 to 2 cases per million
annually in the general population.””” The use of dexfenfluramine is also limited by the
manufacturer's relative contraindication for concomitant SSRI use. Concomitant use of
SSRIs and dexfenfluramine runs the risk of inducing the serotonin syndrome, which is
characterized by mental status change (delirium, hypomania), hypertonus, myoclonus,
restlessness, tremor, diaphoresis, shivering, and hyperreflexia. But even more
importantly, an SSRI or TCA is likely to inhibit the uptake of dexfenfluramine into the
presynaptic neuron, which is required for its therapeutic action, thereby negating its effect
on serotonin release. There have been reports of adverse effect from racemic
fenfluramine withdrawal (eg, depression), so this agent and dexfenfluramine should be
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tapered slowly, never abruptly, when discontinued.!”"*!

Results from a recently published double-blind controlled study of dexfenfluramine in
BED patients indicates a significant 3 times reduction in binge eating as compared with
that for placebo.!””! After controlling for the effects of baseline weight and depression
scores, the magnitude of dexfenfluramine's effect over placebo was increased. However,
it is important to note that binge eating frequency returned to pretreatment levels after the
drug was discontinued, much like the weight gain that usually occurs upon
discontinuation of all anorexiants. Although related, it may be that the pharmacologic
mechanisms underlying reduction in binge eating are significantly different from those
underlying weight reduction.

There are no published reports on the use of psychostimulants in the treatment of BED.
Even though acutely administered stimulants suppress binge eating,"”* the risks of
addiction and the possible induction of affective and psychotic symptomatology make
this agent class undesirable as a therapeutic tool.

The opiate antagonists show some possible therapeutic potential in the pharmacologic
treatment of BED. In an acute challenge study, Marrazzi and colleagues'’ studied
naltrexone in double-blind placebo-controlled fashion in 1 BED subject and found that
naltrexone significantly reduced binge frequency and urges to binge. However, this
finding contrasts with the study by Alger and associates'® in which naltrexone was no
different from placebo in obese bingers (but naltrexone did reduce bingeing in bulimic
subjects). The opiate antagonist naloxone has also been reported to significantly reduce
binge eating in BED patients.”® Naloxone significantly suppressed energy intake relative
to saline in binge eaters but not in nonbinge eaters, and butorphanol had no significant
effect on food intake.!’"! These studies may be relevant to the finding that obese BED
subjects have significantly higher pain detection thresholds compared with non-BED
obese patients and normal controls.!””!

In the only study so far that assessed the combination of psychotherapy with medication,
the addition of desipramine did not increase the anti-binge eating effect of CBT.
However, weight loss was facilitated by the combination.

BED is a well-validated diagnostic entity proposed in DSM-IV that is characterized by
recurrent binge eating without purging of any kind. It is distinguished from bulimia
nervosa, nonpurging type, by the absence of fasting or excessive exercise as a way of
"undoing" the weight-promoting effects of bingeing. However, in the clinical setting,
these conditions overlap considerably, and it is difficult to distinguish them from each
other. BED occurs in approximately 1% of women in the US and in a sizable proportion
of those seeking weight loss in bariatric programs. It is important that the diagnosis is not
based on self-report alone but also on clinical interview. BED carries specific
comorbidities, especially obesity, major depression, and anxiety disorders (particularly
panic disorder and PTSD). Treatment approaches show promise in both the
psychotherapeutic and psychopharmacologic realms. It is prudent to start with CBT and
to aggressively treat associated psychiatric comorbidity, perhaps with an SSRI initially. If
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this fails, a trial of desipramine, dexfenfluramine, nefazodone, venlafaxine, naltrexone or
naloxone is a consideration. As in other psychiatric and medical disorders, the benefits
versus the risks (of both treatment and nontreatment) must be weighed carefully.
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Prescription Appetite Suppressants
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Beginning with the passage of the Federal Food, Drug, and Cos-
metic Act in 1938 and escalating with the 1962 Kefauver-Harris
amendments, increasing pressure has been placed on pharmaceu-
tical manufacturers to demonstrate that a drug’s benefits outweigh
its risks. Nowhere has the question of risk versus benefit come
under greater scrutiny than with anorectics. After the approval in
the 1940s and 1950s of a number of amphetamine and amphet-
amine-like compounds for the treatment of obesity, the U.S. Food
and Drug Administration struggled to define the efficacy and
safety of these agents. Labeling restrictions on duration of use and
warnings about abuse and addiction ultimately contributed to the
reduced use of anorectics. That trend continued until the mid-

1990s, when the off-label use of fenfluramine plus phentermine
(fen-phen) and the approval of dexfenfluramine gave rise to wide-
spread, long-term use of anorectics to treat obesity. The adverse
effects that came to be associated with fenfluramine and dexfen-
fluramine, leading to their eventual withdrawal from the market,
gave pause to regulators, physicians, patients, and drug compa-
nies alike. Sibutramine, the latest anorectic to enter the market, is
now the focus of a landmark trial that is examining, for the first
time, whether drug-induced weight loss reduces the risk for fatal
and nonfatal cardiovascular disease.
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he regulation of drugs in the United States began in

earnest in 1938 when Congress passed the Federal
Food, Drug, and Cosmetic Act (1). Under this law, man-
ufacturers had to provide the Food and Drug Administra-
tion (FDA) with evidence of a drug’s safety before it was
allowed on the market. In 1962, Congress amended the
1938 act to give the FDA the authority to require that drug
companies provide evidence of a drug’s efficacy in addition
to its safety (2). From these events evolved the linchpin
question of drug regulation: Do the drug’s benefits out-
weigh the risks?

Nowhere has the question of risk versus benefit come
under greater scrutiny than with drugs used to treat obe-
sity. To understand why this is so, this article examines,
from a regulatory perspective, the first 50 years of inter-
actions among the FDA, the drug industry, and academic
researchers as they began to negotiate the balance of safety
and efficacy of appetite-suppressing drugs used to treat
obesity.

THE FIRST FDA-APPROVED OBESITY DRUGS

In November 1943, Abbott Laboratories of Abbott
Park, Illinois, submitted a New Drug Application (NDA)
for desoxyephedrine (Desoxyn) to the FDA’s Drug Divi-
sion. The company was seeking approval of their amphet-
amine for the treatment of narcolepsy, mild depression,
postencephalitic Parkinson syndrome, chronic alcoholism,
cerebral arteriosclerosis, and hay fever (3). The data sub-
mitted to support the drug’s approval included review ar-
ticles from academia, case reports from clinicians, and a
3-page testimonial from a patient with narcolepsy. Des-
oxyn was approved for all the proposed indications in De-
cember 1943 (4).

One year later, the director of the FDA’s Drug Divi-
sion authorized the approval of Hydrin (Endo Products,
Garden City, New York), another desoxyephedrine com-
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pound. The indications for use of Hydrin were similar to
those for Desoxyn, with 1 notable exception: Hydrin was
approved as an adjunct in the treatment of obesity. No
sooner, however, had the FDA approved Hydrin for obe-
sity than those involved questioned the wisdom of their
action. “The use of desoxyephedrine in [obesity] is wholly
irrational and exposes the patient unnecessarily to a potent
drug,” read a January 1946 letter from the new acting
medical director of the FDA’s Drug Division to the man-
ufacturer of Hydrin (5).

What caused the FDA’s abrupt turn of opinion re-
garding the use of Hydrin to treat obesity is unclear. The
most likely explanation is that the FDA’s acting medical
director also served as a consultant to the American Med-
ical Association’s (AMA) Council on Pharmacy and Chem-
istry—a highly influential group whose opinions on the
therapeutic value of drugs shaped clinical practice. In its
1946 edition of New and Nonofficial Remedies, the Council
“went on record as disapproving general recognition of
claims for the use of amphetamine in the treatment of
obesity” (6).

The FDA clearly mandated that companies seeking to
secure an obesity indication for a desoxyephedrine com-
pound would have to submit evidence of the drug’s safety
when specifically used to treat obesity under the direction
of a physician. Good fortune for the companies soon came
in the form of an article titled “The Obese Patient,” which
reported that 110 obese patients treated with 2 mg of des-
oxyephedrine 3 times daily lost up to 24.5 kg without
apparent elevations in blood pressure or evidence of addic-
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tion (7). These data, along with the AMA Council’s tepid
endorsement of amphetamines for the management of obe-
sity, led the FDA to approve Desoxyn and Hydrin “as ad-
juncts to the dietary management of obesity” in 1947 (8, 9).
In an attempt to develop drugs that would retain the
anorectic effect of amphetamines without their stimulatory
properties or the potential for addiction, industry chemists
tinkered with the parent amphetamine molecule and syn-
thesized 5 compounds known as the amphetamine conge-
ners (Table). Applications for all of these drugs were sub-
mitted to the FDA soon after desoxyephedrine’s approval,
and all sought a single indication: the treatment of obesity.
Reviewers from the FDA found no evidence that the am-
phetamine congeners were unsafe (particularly in compar-
ison with the amphetamines), and by 1960 all 5 drugs were
approved as adjuncts in the management of obesity.

THE KEFAUVER-HARRIS AMENDMENTS AND THE DRUG
EFFICACY STUDY

In 1962, Congress passed the Kefauver-Harris amend-
ments to the Food, Drug, and Cosmetic Act (2). This
legislation mandated, among other things, that new drug
applications contain substantial evidence of a drug’s effi-
cacy from “adequate and well-controlled investigations.”
While this law had immediate implications for new drugs,
compounds approved between 1938 and 1962 were not
covered by this legislation. The commissioner of the FDA
therefore made the decision to retroactively apply the stan-
dard of “substantial evidence of effectiveness” to drugs ap-
proved before 1962. To assist in this ambitious endeavor,
which became known as the Drug Efficacy Study, the FDA
called on the National Research Council of the National
Academy of Sciences (10). In 1966, 27 panels of academics
began their reviews of the available data on the efficacy of
nearly 3000 drug preparations. To account for the evolving
definition of substantial evidence of efficacy and for the
variation in the quantity and quality of the available data,
the advisory panels categorized drugs as “effective,” “effec-
tive but” (drugs for which there was evidence of efficacy
but more efficacious or safer drugs were available), “prob-
ably effective,” “possibly effective,” “ineffective,” or “inef-
fective as a fixed combination” (11).

The task of assessing the weight-loss efficacy of the
amphetamines and the amphetamine congeners fell to the
Psychiatric Drug Panel. After 3 years of review, the Panel
concluded that as treatments for obesity, the amphet-
amines were “possibly effective” and the amphetamine
congeners were “effective but” (12, 13). Reasons given for
considering these drugs less than effective included the
short duration of the studies and the lack of evidence showing
that the drugs altered the natural history of obesity.

The FDA considered the Psychiatric Drug Panel’s
findings and ultimately agreed that the available data did
not support an “effective” classification for the amphet-
amines or the amphetamine congeners. Thus, in 1970, all
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Table. U.S. Food and Drug Administration-Approved
Anorectics, 1947-1997

Generic Name Trade Name Year
Approved
Desoxyephedrine* Hydrin,t Desoxynt 1947
Phenmetrazine* Preluding 1956
Diethylpropion* Tenuate]| 1959
Phentermine* lonaminql 1959
Phendimetrazine* Bontril,** Pleginett 1959
Benzphetamine* Didrex++ 1960
Fenfluramine Pondimin§§ 1973
Mazindol Sanorex||[ 1973
Chlorphentermine Presateq|1] 1973
Dexfenfluramine Redux*** 1996
Sibutramine Meridiat 1997

* Approved before passage of Kefauver-Harris amendments.
1 Endo Products, Garden City, New York.

F Abbott Laboratories, Abbott Park, Illinois.

§ Ciba-Geigy Corp., Ardsley, New York.

|| Merrell National Drug, Cincinnati, Ohio.

91 Strasenburgh Laboratories, Rochester, New York.
** Carnick Laboratories, Summit, New Jersey.

11 Ayerst Laboratories, Rouses Point, New York.

#+ Upjohn, Kalamazoo, Michigan.

§§ Robins Co., Richmond, Virginia.

Il Sandoz Pharmaceuticals, East Hanover, New Jersey.
9191 Warner Chilcott, Morris Plains, New Jersey.

*** Wyeth Ayerst, Philadelphia, Pennsylvania.

manufacturers of the anorectics were given 6 months (later
extended to 12 months) to obtain and submit substantial
evidence of their drug’s effectiveness from adequate and
well-controlled clinical studies. Absent definitive efficacy
data, the FDA threatened to revoke the obesity indications
or to remove the drugs from the market (14).

As the companies began studies to demonstrate their
drugs’ efficacy, the FDA began its search for criteria to
define this yet-to-be-demonstrated efficacy.

THe FDA's STRUGGLE TO DEFINE THE EFFICACY OF
WEIGHT-Loss DRUGS

For guidance on how to define the efficacy of the ano-
rectics, the FDA turned first to Thaddeus E. Prout, an
endocrinologist and associate professor of medicine at
Johns Hopkins University (15). Regulators met with
Prout, 8 other academics, and the medical director from
Abbott Laboratories to discuss the development of the ano-
rectics in general and the definition of their efficacy in
particular (16). Prout’s working group reached many con-
clusions, the most influential of which was a recommenda-
tion that the efficacy of the anorectics be defined as statis-
tical superiority of drug versus placebo. In other words, as
long as the average weight lost by patients taking the drug
was greater than the average amount lost by those taking
placebo and the difference was statistically significant (that
is, P < 0.05), the drug should be considered effective.
Prout’s group declined (or was unable) to define clinically
significant weight loss.

Still seeking to determine how much weight must be
lost to reap clinical benefit, the FDA next turned to one of
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its advisory committees for help. Instead of offering an
answer to this question, however, the committee dodged the
issue by referring to Prout’s recommendation that efficacy be
defined as statistical superiority of drug to placebo (17).

Why would no one define clinically significant weight
loss? Perhaps the prevailing mindset and available evidence
didn’t lend themselves to the task. By the early 1970s,
much data existed to link obesity with excess mortality
(18), type 2 diabetes (19), elevated serum cholesterol levels
(20), and hypertension (21). Many years would still need
to pass, however, before large end point trials (such as the
Lipid Research Clinics) would provide the medical com-
munity with evidence that drugs, through their effects on
biomarkers such as serum cholesterol or blood pressure,
could substantially alter the clinical course of a chronic
disease (22). Without the availability of such data, how
would one even begin to define clinically significant weight
loss? Nonetheless, concluding that an obesity drug was ef-
fective if it caused statistically significantly more weight
loss than placebo would have been attractive to drug reg-
ulators for 2 reasons: It was objective, and it left no room
for argument.

THE AMPHETAMINE ANORECTIC DRUG PROJECT AND
THE BALANCE OF BENEFITS VERSUS RISKS

In June of 1972, the FDA publicly discussed the re-
sults of their Amphetamine Anorectic Drug Project—a
crude meta-analysis of weight-loss data from more than
10 000 patients who had participated in 200 weight-loss
studies involving all of the major amphetamine and am-
phetamine congeners. Among these drugs was fenflura-
mine, which had been under regulatory review since 1967
(23). The studies, which had been conducted in response
to the FDA’s 1970 request for “substantial evidence” of the
anorectics’ efficacy, ranged in duration from 3 weeks to 6
months, although few patients were exposed to a drug for
more than 12 weeks.

The meta-analysis indicated that obese patients treated
with active drug lost “a fraction of a pound more a week”
than those treated with placebo, a “trivial” yet statistically
significant difference (24). The results from the Amphet-
amine Anorectic Drug Project led the FDA to officially
declare that the amphetamines and the amphetamine con-
geners were effective for the treatment of obesity (25, 26).

Yet efficacy was only half of the story. After passage of
the Kefauver-Harris amendments in 1962, drug regulation
was governed by evaluations of benefit versus risk. For
more than a decade, the major perceived risk for the ano-
rectics, as emphasized in a series of high-profile congres-
sional hearings, was addiction (27). Although the amphet-
amines clearly posed a risk for addiction, the addictive
potential of the amphetamine congeners was not as well
studied and remained open to debate. Nevertheless, on the
basis of structural similarities and some anecdotal evidence,
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many believed that the amphetamine congeners also posed
a risk for abuse and addiction.

The FDA discussed many options to deal with its con-
cerns regarding the balance of benefits and risks for the
anorectics, including removing the obesity indication, re-
moving the drugs from the market, requiring additional
studies of efficacy and safety, or imposing greater restric-
tions on production and distribution. In the end, a com-
promise was reached. All of the amphetamine and amphet-
amine congeners would remain on the market and keep
their obesity indication, but all would be restricted to
short-term use (a few weeks), and all would be prominently
labeled to warn against the risk for addiction (26). Al-
though use of the anorectics for only a few weeks theoret-
ically reduced the risk for addiction, this restriction also
eliminated the potential for clinical benefit vis-a-vis sus-
tained weight loss with extended use of the drugs. Regard-
less of whether the new labeling restrictions were right or
wrong, they marginalized the anorectics and contributed to
the eventual decline in their use.

A TRANSITION TO LONG-TERM TREATMENT OF
OBEsITY

The decrease in the use of anorectics during the 1970s
and 1980s came to an abrupt end when prescription rates
for phentermine and fenfluramine skyrocketed in the mid-
1990s (28). This revival was stimulated by the juxtaposi-
tion of a dramatic increase in the prevalence of obesity with
publication of a single study in which 121 obese individu-
als received treatment with placebo or phentermine plus
fenfluramine for up to 4 years (29, 30). Although less than
one third of the patients completed this study (and most
regained weight during its latter stages), the findings, pub-
lished in 1992, were cast in a very favorable light by the lay
press, fueling the phen-fen craze (31).

In addition to popularizing off-label use of 2 aging
anorectics, the phen-fen studies presaged a transition from
short-term to long-term drug treatment of obesity. The
first drug to garner FDA approval for the long-term treat-
ment of obesity was dexfenfluramine, an isomer of fenflu-
ramine.

When an FDA advisory committee met in September
1995 to discuss the dexfenfluramine application, the
agency finally had working guidelines for the development
of obesity drugs. Recommendations stipulated that at least
1500 obese patients be studied for 1 year under placebo-
controlled conditions and that 200 to 500 of these patients
continue drug treatment for a second year in an open-label
manner. The 2 criteria used to define an obesity drug as
effective were that a mean difference in weight loss of at
least 5% between the drug- and placebo-treated patients
after 1 year was noted or a greater proportion of patients
lost at least 5% of their weight after 1 year of treatment
with the drug than with the placebo.

These efficacy criteria were based on 2 tiers of evidence
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linked by speculation. First, data indicated that as little as a
5% reduction in weight improved blood pressure, serum
cholesterol levels, and blood glucose control (32). Second,
evidence from clinical trials of some medications demon-
strated that modest drug-induced decreases in biomarkers,
such as blood pressure and cholesterol, substantially re-
duced cardiovascular events and, in some cases, death (33—
36). Thus, one only needed to take a small leap of faith,
argued some researchers, to expect that modest drug-asso-
ciated reductions in weight would reduce the risk for irre-
versible morbidity and mortality.

At face value, the clinical evidence from the dexfenflu-
ramine application supported the drug’s efficacy. In a
1-year trial involving 822 obese patients, 64% of patients
treated with dexfenfluramine lost at least 5% of their base-
line weight, compared with 43% of placebo-treated pa-
tients (37). The most common treatment-emergent adverse
events in this trial were drowsiness, dry mouth, and diar-
rhea, problems certainly not worthy of serious concern.

What did concern some regulators and members of
the advisory committee were animal data linking dexfen-
fluramine to neurotoxicity and epidemiologic data linking
dexfenfluramine (particularly when used for more than 3
months) to an increased risk for primary pulmonary hyper-
tension, an invariably fatal disease (38). Proponents of
dexfenfluramine argued that the finding of neurotoxicity in
preclinical models was not clinically relevant because the
animals received extremely high doses of the drug. In sup-
port of this position, dexfenfluramine had been widely
used in Europe for years, and no evidence of serious neu-
rologic damage had come to light.

To put the primary pulmonary hypertension risk into
perspective, an academic consultant remarked that the risk
for fatal anaphylaxis from penicillin was much higher. Fur-
thermore, echoing the rationale supporting the FDA’s ef-
ficacy criteria for obesity drugs, dexfenfluramine had been
shown to induce a 5% weight reduction and subsequent
improvement in cardiovascular risk factors in a significant
proportion of patients treated for up to 1 year. By extrap-
olating from available evidence, clinicians could have ex-
pected these changes to reduce the risk for serious morbid-
ity and even death. As a professor of pulmonary medicine
later argued, “the risk of developing PPH [primary pulmo-
nary hypertension] [from dexfenfluramine] is about 1000-
fold less than the risk of dying from the complications of
obesity” (39).

Similar arguments convinced 6 advisory committee
members to vote in favor of approving dexfenfluramine.
Five members, however, did not believe that the available
data supported a favorable balance of benefit to risk and
voted against approval. As the advisory committee’s split
vote made clear, the availability of long-term data on body
weight did litde to illuminate whether the benefits of
dexfenfluramine outweighed its risk—no more than when
regulators, on the basis of short-term data, had to address
this question for the amphetamines and amphetamine con-
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geners in the early 1970s. In both cases, the FDA uld-
mately concluded that the drugs’ benefic—risk profiles were
favorable when, and only when, the drugs were used in
accordance with the approved labeling.

When dexfenfluramine was approved in 1996 for the
long-term treatment of obesity, it was labeled only for pa-
tients who were at substantially increased risk for illness
because of their weight. This risk was defined as either a
body mass index greater than 30 kg/m” or a body mass
index of at least 27 kg/m” in the presence of comorbid
conditions, such as hypertension, diabetes, and hypercho-
lesterolemia (40). To reduce needless long-term exposure
(and therefore the risk for primary pulmonary hyperten-
sion), the labeling recommended that patients who did not
lose at least 4 pounds during the first month of treatment
should stop taking the drug because they were unlikely to
achieve a 5% reduction in weight with continued treat-
ment. Furthermore, the increased risk for primary pulmo-
nary hypertension, particularly when the drug was taken
for more than 3 months, was highlighted in the labeling in
a large, boldface font—1 step removed from the most re-
strictive labeling, a black box warning.

Within a year of its approval, dexfenfluramine was
being dispensed at a rate of 85 000 prescriptions per week
(41). Within a year and a half of its approval, the drug was
off the market, as was fenfluramine. Reports implicated the
2 drugs in a wave of unusual cases of left-sided valvular
degeneration—a risk that no one saw coming, and to this
day, one that eludes a biomechanistic explanation (42).

The void created by the withdrawal of dexfenflura-
mine in September 1997 was quickly filled with sibutra-
mine. Like dexfenfluramine, sibutramine’s regulatory path
to approval involved intense debates over the balance of its
benefits and risks. One of these debates played out in a
1996 advisory committee meeting in which regulators,
their academic advisors, and sibutramine’s manufacturer
and its consultants discussed the drug’s approvability (43).

Few disputed that sibutramine was an effective drug,
at least as defined by the FDA’s efficacy criteria. Following
a year of treatment, approximately 60% of 320 obese
patients treated with the drug lost at least 5% of their
baseline weight; in comparison, about 30% of 160 pla-
cebo-treated patients achieved that goal. The point of con-
tention, as regulators repeatedly emphasized, was what to
make of the drug’s tendency to increase blood pressure and
pulse rate. In the preapproval trials, treatment with sibutra-
mine was associated with mean increases in systolic and
diastolic blood pressure of approximately I mm Hg to 3
mm Hg, respectively, and an average increase in heart rate
of about 5 beats/min (44).

The company openly conceded that sibutramine, as a
sympathomimetic, did have pressor effects. However, they
claimed that the small average increase in blood pressure
would be offset by the favorable changes in lipid levels that
accompanied sibutramine-induced weight loss.

This concept of negating risk factors found a quanti-

6 September 2005 | Annals of Internal Medicine | Volume 143 * Number 5 |383



REFERENCE 4

HistTory oF MEDICINE | A Regulatory History of the Anorectics

tative voice in a professor of epidemiology who spoke on
behalf of the company (45). Using mathematical models of
Framingham data, the speaker showed the advisory com-
mittee calculations of risk for coronary heart disease for
various hypothetical clinical scenarios of sibutramine use.
In a population of 40-year-old nondiabetic, nonsmoking
women, for example, the increase in coronary heart disease
risk associated with a 2-mm Hg increase in blood pressure
caused by sibutramine would be offset by the reduction in
risk associated with the reduction of 0.26 mmol/L (10
mg/dL) in total serum cholesterol level. An increase in se-
rum high-density lipoprotein cholesterol level of 0.05
mmol/L (2 mg/dL) would also accompany a 5-kg sibutra-
mine-induced reduction in body weight. Therefore, the
overall 8-year risk for coronary heart disease in this popu-
lation of patients would actually decrease by 11.0%.

Response to this line of reasoning was generally favor-
able, although several people thought the use of 0.26
mmol/L (10 mg/dL) as the standard decrease in total cho-
lesterol level was generous given the inconsistent lipid
changes observed in the sibutramine preapproval trials.
Nevertheless, when the members of the advisory commit-
tee were asked whether they believed the benefits of sib-
utramine outweighed its risks, 4 voted yes and 5 voted no.

Lacking a clear mandate, regulators left the advisory
committee meeting once again faced with the difficult task
of making a regulatory decision based on a rough estima-
tion of the long-term risk—benefit profile of an obesity
drug. As long as sibutramine met accepted standards of
efficacy and safety and the labeling accurately described the
drug’s potential benefits and risks (in particular, the need
to monitor blood pressure and pulse), some regulators held
that physicians, as learned intermediaries, were the appro-
priate final arbiters of whether the balance of benefits and
risks for sibutramine was favorable for a given patient. Sib-
utramine was approved for the long-term treatment of obe-
sity in November 1997, just weeks shy of the 50th anni-
versary of desoxyephedrine’s approval for the treatment of
obesity in 1947.

Emblematic of the polarization over anorectics, a con-
sumer advocacy group derided the news of sibutramine’s
approval as a prelude to “another diet drug disaster,”
whereas a seasoned academic hailed FDA’s decision as
“great news for dieters” (45, 46).

CONCLUSION

To be sure, polarization remains the legacy of the first
half-century of the FDA’s regulation of anorectics. Yet, 8
years since the approval of sibutramine, use of the drug
remains steady at about 50 000 prescriptions a month, sug-
gesting that the drug has found favor with some dieters;
meanwhile, no evidence has surfaced to suggest that sib-
utramine has become “another diet drug disaster” (47).

This is not to say that some did not try to make that
case. Following the deaths of 2 young women taking sib-
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utramine in Italy in 2002, that country temporarily sus-
pended the drug’s marketing license (48). This news then
triggered some of the drug’s opponents to question whether
sibutramine should remain on the U.S. market (49).

European drug regulators were quick to conclude, on
the basis of an assessment of the 2 deaths in Italy as well as
other safety data, that sibutramine’s risk—benefit profile
was still favorable and that the drug should remain on the
European market (50). This exoneration, however, was ac-
companied by a proviso with worldwide regulatory ramifi-
cations: Abbott Laboratories, the manufacturer of sibutra-
mine, would have to conduct a large trial to definitively
examine the drug’s risk—benefit profile in obese patients at
risk for cardiovascular disease (51). The Sibutramine in
Cardiovascular Outcomes (SCOUT) trial is underway and
aims to study 9000 patients for up to 5 years. This will be
the first trial to verify or refute the long-held assumption
that drug-induced weight loss—in this case, with sibutra-
mine—reduces the risk for fatal and nonfatal cardiovascu-
lar disease.

Not only is SCOUT a landmark study, it reminds us
that there is no substitute for data from large, long-term
controlled trials for making the most accurate assessment
of a drug’s risks and benefits. This fact will weigh heavily
on the minds of FDA regulators as they, amid calls to
reduce the size and scope of obesity drug registration trials,
begin the process of updating the agency’s Guidance for the
Clinical Evaluation of Weight-Control Drugs (52).
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America’s First Amphetamine
Epidemic 1929-1911

A Quantitative and Qualitative Retrospective
With Implications for the Present

| Nicolas Rasmussen, PhD, MPhil, MPH

Using historical research that draws on new primary sources, | review the causes
and course of the first, mainly iatrogenic amphetamine epidemic in the United
States from the 1940s through the 1960s. Retrospective epidemiology indicates
that the absolute prevalence of both nonmedical stimulant use and stimulant de-
pendence or abuse have reached nearly the same levels today as at the epi-
demic’s peak around 1969. Further parallels between epidemics past and pres-
ent, including evidence that consumption of prescribed amphetamines has also
reached the same absolute levels today as at the original epidemic’s peak, sug-
gest that stricter limits on pharmaceutical stimulants must be considered in any
efforts to reduce amphetamine abuse today. (Am J Public Health.
2008;98:974-985. doi: 10.2105/AJPH.2007.110593)

THE UNITED STATES IS
experiencing an outbreak of am-
phetamine abuse. The latest na-
tional surveys show that about 3
million Americans used ampheta-
mine-type stimulants nonmed-
ically in the past year, 600000 in
the past week, and that 250000
to 350000 are addicted." Al
though survey data indicate that
the number of nonmedical users
of amphetamine-type stimulants
may have stabilized, the number
of heavy users with addiction
problems doubled between 2002
and 2004.% Thus, the public
health problem presented by
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amphetamines may still be in-
creasing in severity; in many ways
it surpasses that of heroin.® Al-
though all of this is widely appre-
ciated, the history of an even
larger amphetamine epidemic 4
decades ago is less well-known.

ORIGINS OF THE
EPIDEMIC, 1929-1945

The original amphetamine epi-
demic was generated by the phar-
maceutical industry and medical
profession as a byproduct of rou-
tine commercial drug develop-
ment and competition. Searching
for a decongestant and bron-
chodilator to substitute for
ephedrine, in 1929, biochemist
Gordon Alles discovered the phys-
iological activity of beta-phenyl-
isopropylamine (soon to be
known as amphetamine). Alles
published his first clinical results
with the compound in 1929,
began amphetamine’s clinical de-
velopment in collaboration with
pharmacologists and clinicians at
the University of California, and
received a patent on its orally ac-
tive salts in 1932.% Meanwhile,
possibly inspired by Alles’s work,

the Philadelphia firm Smith,
Kline and French (SKF) investi-
gated the base form of ampheta-
mine and patented it in 1933.
SKF marketed it as the Ben-
zedrine Inhaler, a capped tube
containing 325 mg of oily am-
phetamine base and little else.
For congestion, one was meant to
inhale amphetamine vapor every
hour as needed.® Although no
legal category of prescription-
only drugs existed in the 1930s,”
the Benzedrine Inhaler was ad-
vertised for over-the-counter sale
upon its introduction in 1933
and 1934 and for the next 15
years.®

At the end of 1934, Alles trans-
ferred his patent on amphetamine
salts to SKF, and the firm spon-
sored the drug’s further clinical
development.” In 1937, the Amer-
ican Medical Association (AMA)
approved advertising of SKF’s
“Benzedrine Sulfate” racemic am-
phetamine tablets for narcolepsy,
postencephalitic Parkinsonism,
and minor depression.”” (The vol-
untary AMA “Seal of Approval”
system, in which mainly academic
medical experts evaluated data
submitted by manufacturers before

American Journal of Public Health | June 2008, Vol 98, No. 6
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allowing advertising in cooperat-
ing journals, was the only drug ef-
ficacy regulation at the time.")
Amphetamine therapy for minor
(“neurotic”) depression quickly
found acceptance among psychia-
trists and neurologists in the late
1930s. SKF-funded Harvard psy-
chiatrist Abraham Myerson played
a particularly influential role, theo-
rizing that amphetamine adjusted
hormonal balance in the central
nervous system by creating or am-
plifying adrenergic stimulation so
as to promote activity and extra-
version. Because Meyerson under-
stood minor depression as anhe-
donia caused by suppression of
natural drives to action, ampheta-
mine represented an ideal depres-
sion therapy to him."

Fueled by advertising and mar-
keting urging general practitioners
to prescribe the drug for depres-
sion, and at the same time promot-
ing Myerson’s rationale for that
use, annual sales of Benzedrine
tablets (mainly 10 mg) grew
steadily to about $500000 in
1941, over 4% of SKF’s total
sales.”® Thus, by World War II,
amphetamine in tablet form was
finding commercial success and
gaining credibility as a prescription
psychiatric medication (the first
“antidepressant”), despite sporadic
reports of misuse.”* The war years
did nothing to diminish the drug’s
growth in popularity; by 1945,
SKF'’s civilian amphetamine tablet
sales had quadrupled to $2 mil-
lion, including $650 000 in sales
of the firm’s new “Dexedrine” dex-
troamphetamine tablets.”

The US military also supplied
Benzedrine to servicemen during
the war, mainly as 5-mg tablets,
for routine use in aviation, as a
general medical supply, and in
emergency kits.'® The British mili-
tary also supplied Benzedrine
tablets during the war, and the
German and Japanese military
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supplied methamphetamine.” Of
course, not all amphetamine sup-
plied by the military was ingested
by servicemen, nor did users in-
gest it ad libitum; there were rules
limiting the drug’s use.' However,
these were not well observed. For
instance, in a 1945 army survey
of fighter pilots, of the 15% (13 of
85) who regularly used ampheta-
mine in combat, the majority
“made their own rules” and took
Benzedrine whenever they “felt
like it” rather than as directed.”
Along with growth in amphet-
amine use for psychiatric indica-
tions, the war years also saw an
explosion of amphetamine con-
sumption for weight loss, al-
though this medical usage was
not yet approved by AMA and
not advertised by SKF. Off-brand
pills manufactured by smaller
companies dominated this mar-
ket. In 1943, SKF filed suit for
patent infringement against one
of these manufacturers, a New
Jersey concern named Clark &
Clark, producer of both 10-mg
Benzedrine look-alike tablets
and colorful diet pills containing
metabolism-boosting thyroid hor-
mone and 5 mg of amphetamine.
The company’s output was a
matter of dispute, but on the basis
of sworn testimony from both
sides, combined amphetamine
production for civilian use by
SKF and Clark & Clark in late
1945 must have stood between
13 million and 55 million tablets
monthly and may be conserva-
tively estimated at about 30
million tablets monthly, each
containing 5 to 10 mg of am-
phetamine salts.*° This national
(civilian) consumption rate for
the United States in 1945 was
sufficient to supply half a million
Americans with 2 tablets daily,
the standard dosage schedule for
depression and weight loss. Past-
year use in 1946 would have
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almost certainly been higher, be-
cause many were only occasional
users.

Unsurprisingly, given such wide-
spread availability of so inherently
attractive a drug, significant abuse
of amphetamine quickly developed.
One noteworthy 1947 publication
hinted at its dimensions. Psychia-
trists Russell Monroe and Hyman
Drell, stationed at a military prison

in 1945, encountered large num-
bers of agitated, hallucinating pa-
tients. A survey revealed that one
quarter of the imprisoned person-
nel were eating the contents of
Benzedrine Inhalers, which then
contained 250 mg of ampheta-
mine base. Almost one third of the

Amphetamine was successfully mar-
keted as the first antidepressant in
the late 1930s and 1940s, together
with a particular understanding of de-
pression as anhedonia.

Source. California Western Medicine 62
(April 1945): 33 (advertising section) and
American Journal of Psychiatry 101
(March 1945): xiii (advertising section).

Rasmussen | Peer Reviewed | Public Health Then and Now | 975



REFERENCE 5

| PUBLIC HEALTH THEN AND NOW |

In the 1950s, competition among
pharmaceutical firms boosted am-
phetamine consumption dramatically,
after expiration of the Alles and
Smith, Kline and French patent in
1949.

Source. Journal of the American Medical
Association 147 (1951): 19 (advertising
section).

abusers (8% of the prison popula-
tion) had begun this practice in
the military before imprisonment.
Only 11% of the inhaler abusers
(3% of the prison population) had
used some form of amphetamine
nonmedically before the war.
Twenty-seven percent of abusers
had been given amphetamine dur-
ing military service, mainly by an
officer and in tablet form, com-
pared with 5% of nonabusers—an
odds ratio of 7.0. There is thus
strong evidence that Benzedrine

By the end of World War Il in 1945, less than a
decade after amphetamine tablets were introduced
to medicine, over half a million civilians were using

the drug psychiatrically or for weight loss,

and the consumption rate in the United States

was greater than 2 tablets per person per year on a

totalpopulation (all ages) basis.
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abuse, although an existing prac-
tice, was multiplied many times by
military exposure, at least among
vulnerable subpopulations. And
although these prisoners were not
typical of military personnel, nei-
ther, in the judgment of the psy-
chiatrists, were most of them par-
ticularly abnormal young men.*!

To sum up, by the end of World
War II in 1945, less than a dec-
ade after amphetamine tablets
were introduced to medicine, over
half a million civilians were using
the drug psychiatrically or for
weight loss, and the consumption
rate in the United States was
greater than 2 tablets per person
per year on a total-population (all
ages) basis.** Up to 16 million
young Americans had been ex-
posed to Benzedrine Sulfate dur-
ing military service, in which the
drug was not treated as dangerous
nor was its use effectively con-
trolled, helping normalize and
disseminate nonmedical ampheta-
mine use. Misuse and abuse, espe-
cially of the cheap nonprescription
Benzedrine Inhaler but also of
tablets, were not uncommon.
However, as often occurs in the
first flush of enthusiasm for new
pharmaceuticals, abuse, adverse
effects, and other drawbacks had
not yet attracted much notice.

GROWTH OF THE
EPIDEMIC, 1945-1960

In 1945 and 1946, the courts
upheld Alles’s patent on ampheta-
mine salts, affirming SKF’'s mo-
nopoly control of oral ampheta-
mine until late 1949.%° With
recouped business from infringing
firms, SKF’s annual sales of am-
phetamine tablets (Benzedrine
and Dexedrine Sulfate) doubled,
from $2.9 million in 1946 to $5.7
million in 19472* With AMA ap-
proval to advertise amphetamine
for weight loss that year, sales

climbed further to $7.3 million in
1949, despite competition from
methamphetamine-based weight
loss and antidepressant products
such as Abbot’s Desoxyn and
Wellcome’s Methedrine.”® Follow-
ing expiration of Alles’s patent in
late 1949, consumption of phar-
maceutical amphetamines in the
United States surged. On the basis
of voluntary manufacturer sur-
veys, the Food and Drug Adminis-
tration (FDA) placed 1952 pro-
duction of amphetamine and
methamphetamine salts at nearly
quadruple the agency’s 1949 esti-
mate by similar methods.?® Given
that SKF amphetamine sales in
the period did not grow signifi-
cantly, virtually all this expansion
in amphetamine supply was
driven by the marketing efforts of
competitors.*”

During the 1950s, fierce com-
mercial competition helped drive
amphetamine consumption higher
still. In a particularly innovative ef-
fort to expand medical usages for
the drug, in late 1950, SKF intro-
duced a product called Dexamyl,
a blend of dextroamphetamine
and the barbiturate sedative amo-
barbital *® Intended to overcome
the unpleasant agitation that many
users experienced with ampheta-
mine and to quell anxiety without
drowsiness, Dexamyl was mar-
keted with great success for every-
day “mental and emotional dis-
tress” in general practice and also
as a weight-loss remedy striking at
the emotional causes of overeat-
ing.*® Competing firms answered
with their own sedative—
amphetamine combinations, such
as Abbot’s Desbutal and Robins’s
Ambar, blends of methampheta-
mine and pentobarbital or pheno-
barbital, respectively.*® Creative
amphetamine combination prod-
ucts from both SKF and its com-
petitors proliferated throughout
the 1950s.”
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According to FDA manufac-
turer surveys, by 1962, US pro-
duction reached an estimated
80000 kg of amphetamine salts,
corresponding to consumption of
43 standard 10-mg doses per per-
son per year on a total-population
basis.>? Thus, in amphetamine
alone, the United States in the
early 1960s was using nearly as
much psychotropic medication as
the 65 doses per person per year
in the present decade that social
critics today find so extraordi-
nary.>® And the 1960s are rightly
remembered for excessive minor
tranquilizer consumption, around
14 standard doses per person per
year on the basis of retail prescrip-
tion sales.>* It is rarely appreciated
that in the early 1960s, ampheta-
mines were actually consumed at
a higher rate than tranquilizers.
This oversight may be caused by
excessive reliance on retail pre-
scription audits (inappropriate for
amphetamines when billions were
dispensed directly; see the next
section) and neglect of the fact that
amphetamine obesity medications
were just as psychotropic as am-
phetamine-based antidepressants.
Through the rest of the 1960s,
FDA estimates of amphetamine
production would grow little be-
yond 8 billion 10-mg doses, imply-
ing that consumption of the drug
had already reached saturation
levels in 1962. This conclusion,
based on voluntary FDA produc-
tion surveys, draws independent
support from flat retail prescription
sales from 1964 to 1970.%°

The best published evidence of
the nature and prevalence of med-
ical amphetamine consumption
around 1960 comes from studies
in the United Kingdom, thanks to
the National Health System, which
facilitates comprehensive prescrip-
tion monitoring and correlation of
physicians with base populations.
A study of retail prescriptions
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filled in the Newcastle area during
1960 found that about 3% were
for amphetamines, consistent both
with UK national prescribing fig-
ures and with contemporary pre-
scribing in the United States ac-
cording to commercial audits.>®
Given similarities in culture and
medical practices, the British find-
ings therefore shed light on am-
phetamine use in America around
1960, at least for drugs dispensed
at pharmacies.>”

In the Newcastle study, quanti-
ties dispensed were sufficient to
supply more than 1% of the total
population with 60 tablets per
month; two 5-mg doses of dextro-
amphetamine daily was the most
common prescription, according
to a 1961 companion study that
audited family practitioners in the
same area.*® Dexamyl—in Britain
called Drinamyl—was the most
commonly prescribed ampheta-
mine product. About one third of
amphetamine prescriptions were
for weight loss, one third for
clear-cut psychiatric disorders (de-
pression, anxiety), and the remain-
ing third for ambiguous, mostly
psychiatric and psychosomatic
complaints (tiredness, nonspecific
pain). The largest age group
among the medical users were
those aged 36 to 45 years, and
85% of all amphetamine patients
were women.*® Even making the
simplifying assumption that
weight loss prescriptions were en-
tirely for women and taking into
account that women seek medical
attention more often than men,
these figures indicate that per
doctor visit around 1960, a
woman was twice as likely as a
man to receive an amphetamine
prescription to adjust her mental
state—much like minor tranquiliz-
ers in the same period.*°

By about 1960, widespread
consumption had begun to make
amphetamine’s negative health
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consequences more evident. Am-
phetamine psychosis had already
been observed in the 1930s
among long-term narcoleptic
users of the drug, and individual
case reports mounted during the
1940s and early 1950s.*! Ini-
tially, psychotic episodes were at-
tributed to latent schizophrenia
“unmasked” by the drug or to
some other preexisting psychiat-
ric pathology in the user.** In
Philip Connell’s definitive 1958
study of 40 cases, however, the
British psychiatrist persuasively
showed that amphetamine psy-
chosis could happen to anyone,
and eventually would, given
enough of the drug.*® The highly
uniform set of paranoid symp-
toms—sinister voices emanating
from toilet bowls, spies following
one’s every move—in a wide vari-
ety of personality types argued
against any shared constitutional
feature of the patients’ mentality
or neurology. Also, the psychosis
generally took time to develop,
suggesting a dosage-dependent
cumulative effect. And although
almost all of Connell’s patients
had engaged in nonmedical use
before their crises, a large propor-
tion had first taken ampheta-
mines by prescription, so they
could not be dismissed as deviant
thrill-seekers. Finally, patients re-
covered fully a week or two after
they ceased amphetamine use,
essentially proving they had not
been schizophrenic.**

Evidence was also emerging
around 1960 that amphetamine is
truly addictive, instead of merely
“habituating” like caffeine, as lead-
ing pharmacologists had asserted
when the drug was first intro-
duced.* Postwar changes in think-
ing about addiction, promoted
particularly by the World Health
Organization, facilitated this new
perspective on amphetamine by
moving the concept away from an
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opiate model, defined by acute
physiological withdrawal, toward a
psychosocial model of “drug de-
pendency” defined by compulsive
behavior and erosion of function.*®
Indeed, the previously mentioned
British research uncovered evi-
dence of significant dependency
on prescribed amphetamines. In
Newecastle in 1961, 0.8% of a very
large study population received
amphetamine prescriptions during
a 3-month audit period; according
to their physicians, between one
fifth and one quarter of these am-
phetamine patients were “habitu-
ated or addicted” or dependent to
some extent.*” Taking the sample
in these studies as representative
(as the investigators intended),
between 2% and 3% of the total
population must have received
amphetamines by prescription in
the course of a year.*® This, to-
gether with the 0.2% of the gen-
eral population identified as “ha-
bituated or addicted,” implies a
dependency rate among past-year
medical amphetamine users of
6.7% to 10%.*

To distinguish between the ha-
bituation and addiction reported
by Newcastle physicians, another
northern British study of the early
1960s enrolled family practition-
ers to dispense Dexamyl tablets,
identical-looking placebos, or plain
white tablets containing Dexamyl’s
active ingredients to their appar-
ently amphetamine-dependent
patients on a double-blind basis.
The study found that about one
third of “habituated or addicted”
medical Dexamyl users were in
fact physically dependent.*® Taken
together with the prevalence esti-
mates in the previous paragraph,
this outcome implies extensive
iatrogenic amphetamine addiction
in the early 1960s—that is, 2.2%
to 3.3% of all patients receiving
amphetamine prescriptions in a
given year”!
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At the end of the 1950s, the
monoamine oxidase inhibitor and
tricyclic antidepressants were intro-
duced and quickly acclaimed by
psychiatrists as superior to amphet-
amines for depression. In the
United States, however, prescribing
rates for amphetamines did not
decline significantly in the
1960s,%* despite the availability of
alternatives and increasing aware-
ness of amphetamine’s defects.
At that time, the vast majority of
psychiatric medications were pre-
scribed in primary care, much
more so than today.”® Why, then,
did family practitioners continue
to prescribe mental health drugs
that psychiatric specialists judged
inferior?

The answer lies in the type of
patient for whom amphetamine-
based prescriptions had become
typical in the 1950s and the
trends and exigencies of primary
care. At least one third of primary
care office visits are motivated by
complaints for which the physician
can find no organic explanation, a
longstanding fact of life for gen-
eral practitioners that received of-
ficial recognition in the 1950s.>*
“Psychosomatic medicine” enjoyed
a postwar vogue, and as a substi-
tute for the archaic bromides and
nerve tonics then still commonly
prescribed, primary care authori-
ties in the 1950s began advocat-
ing barbiturates, amphetamine,
and amphetamine—barbiturate
combinations for the mild depres-
sions and other emotional distur-
bances presumed to be driving
such mysterious complaints.”® Psy-
chiatric specialists writing on gen-
eral practice also endorsed these
prescribing approaches, although
they understood sympathy, reas-
surance, and time as the main
therapeutic agents for all neurotic
ailments.>® Assisted by such trends
in medical thought, along with
pharmaceutical marketing that

reinforced them, amphetamines
became first-line treatments for
emotional distress and psychoso-
matic complaints in the 1950s.

In the 1960s, the continuing
preference of family doctors for
amphetamines caused psychia-
trists some consternation. Evi-
dently, the newer drugs did not
work as well for the typical dis-
tressed amphetamine patient,
even though they worked better
on bona fide depressives in con-
trolled clinical trials. As one spe-
cialist lamented in 1965, general
practitioners had tried newer an-
tidepressants, but they prescribed
them in subtherapeutic doses to
avoid toxicity (in the case of
monoamine oxidase inhibitors)
and unpleasant side effects (in
the case of tricyclics). Used as
placebos to tide patients over
their difficulties, amphetamines
were superior because they were
more agreeable and improved
compliance. After a brief experi-
ment, many primary care physi-
cians therefore went “back to the
old standbys, amphetamine and
amphetamine-barbiturate combi-
nations.”®” As one general practi-
tioner explained in 1970, only
amphetamine kept certain pa-
tients “capable of performing or
even enjoying their duties™*—
that is, of managing their prob-
lems of living. In the United
States, medical amphetamine use
declined only after 1970, when
new laws restricted prescribing.
In Britain, however, there was a
clamor for physicians to show re-
straint with such dangerous and
addictive medicines by the mid-
1960s,” leading to voluntary
moratoriums around 1968 that
apparently succeeded in reducing
national amphetamine prescrib-
ing rates.®® This difference might
be explained by a public health
insurance framework in the
United Kingdom that reduced

American Journal of Public Health | June 2008, Vol 98, No. 6



REFERENCE 5

incentives to overprescribe drugs
popular with patients.

THE EPIDEMIC’S CRISIS
IN THE 1960s

In the early 1960s, ampheta-
mines were still widely accepted
as innocuous medications. Apart
from vast numbers of middle-
aged, middle-class patients receiv-
ing low-dose prescriptions from
family doctors to help them cope
with their daily “duties,” in much
the same way that their doctors
prescribed minor tranquilizers,” a
significant quasi-medical gray mar-
ket in amphetamines had devel-
oped. For instance, for his painful
war injuries and also to help main-
tain his image of youthful vigor,
President John F. Kennedy re-
ceived regular injections contain-
ing around 15 mg of methamphet-
amine, together with vitamins and
hormones, from a German-trained
physician named Max Jacobson.*
Known as a doctor to the stars
and nicknamed “Dr Feelgood,” Ja-
cobson also treated Cecil B. De-
Mille, Alan Jay Lerner, Truman
Capote, Tennessee Williams, the
Rolling Stones, and ironically,
Congressman Claude Pepper of
Florida, a noted antidrug cam-
paigner.®* Jacobson’s concoctions
were peculiar, but he was far from
unique in his readiness to pre-
scribe or dispense amphetamines
for the price of a consultation.®*

Large quantities of ampheta-
mines were also dispensed in the
1960s directly by diet doctors and
weight loss clinics, many of which
were essentially subsidiaries of off-
brand diet pill manufacturers.
Huge profits could be made when
the pharmacist was cut out in this
fashion; one dispensing diet doc-
tor paid $71 for 100000 amphet-
amine-containing tablets and sold
them for $12000.%° One widely
cited estimate placed the number
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of amphetamine tablets consumed
annually via this channel at 2 bil-
lion.*® Finally, according to the
FDA, of the roughly 8 billion to
10 billion 10-mg amphetamine
tablets manufactured by drug firms
annually in the United States by
the late 1960s, up to one half were
“diverted” from medical channels
altogether.%” As CBS television re-
vealed in 1964, with a few hun-
dred dollars and a fake company
letterhead, anyone could purchase
millions of tablets direct from
manufacturers by mail, notwith-
standing pharmaceutical industry
pretensions to self-regulation.®®
When tighter regulation made this
tactic more difficult in the later
1960s, wholesale quantities were
shipped from manufacturers to
Mexico (even to addresses like the
Tijuana Golf Course’s 11th hole)
and immediately reimported.®®
The FDA's crude population-
level amphetamine consumption
estimates based on manufacturing
surveys (80000—100000 kg of
amphetamine salts produced for a
total population of around 200
million in 1969, or up to 50
10-mg doses per person) were
supplemented with prevalence es-
timates from the first modern drug
use surveys. A national survey
conducted in late 1970 and early
1971 found past-year usage of
amphetamine-type drugs by 5%
of American adults. This study
was designed exclusively to mea-
sure medical, prescribed drug
use.” A more thorough, roughly
simultaneous survey in New York
State explored both nonmedical
and medical amphetamine use. It
found that 6.5% of the state’s
13.8 million residents older than
14 years had used amphetamines
in the past 6 months. If one
counts only those using oral am-
phetamines made by pharmaceuti-
cal firms (the great majority) in the
past 6 months, 39% sometimes
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used them nonmedically and
229% “abused” the drugs, defined
as both obtaining drugs without
prescription and using them on so-
cial occasions.”

Because the New York survey’s
past-6-month medical ampheta-
mine usage rates were lower than,
and consistent with, the national
survey’s past-year prevalence fig-
ures, we might reasonably (indeed,
with conservative bias) extrapolate
the New York study’s combined
medical and nonmedical usage
rates to all 149.4 million Ameri-
cans older than 14 years. By this
extrapolation, at least 9.7 million
Americans were past-year users of
amphetamines in 1970. If we may
also extrapolate the New York
misuse rates, 3.8 million took
amphetamines nonmedically and
2.1 million abused the drugs by
the New York criteria.”®

To the extent that amphetamine
addiction is determined biologi-
cally by active compound, dosage
form, and dosage schedule or
availability, we may safely (again,
with conservative bias) apply de-
pendency rates derived from the
early-1960s British studies of
medical users to the United States
of the late 1960s, because the
same pills were being distributed
on the same prescriptions. If we
apply the higher range of the
British medical amphetamine de-
pendency rate (reflecting freer
supply, predictably higher depend-
ency rates among recreational
than medical users, and the more
plausible past-year Newcastle pre-
scription rate of 2%) to the in-
ferred national population of past-
year medical and nonmedical
amphetamine users combined,
the United States in 1970 had
970000 amphetamine users
meeting some criteria of depend-
ence and about 320000 ad-
dicts.”® These should be regarded
as minimal figures given the
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multiple sources of conservative
bias in our national past-year am-
phetamine usage estimates for
1970 and 1971. Furthermore,
1970 to 1971 prevalence presum-
ably underestimates amphetamine
use at the epidemic’s peak around
1969, because consumption in the
United States was already declining
when the surveys were conducted.™

As noted, in the United States,
large-scale diversion from med-
ical channels was widely ac-
knowledged early in the 1960s,
and amphetamine control mea-
sures were discussed in Congress
throughout the decade. The leg-
islation that in 1965 became
the Drug Abuse Control Amend-
ments was originally intended
to restrict the manufacture of
amphetamines, along with barbi-
turates. However, the version
passed into law stressed penalties
for the unauthorized distribution
of these drugs and the “counter-
feiting” of any name-brand phar-
maceuticals, no matter how
safe.”® The manufacture of such
potentially dangerous pharma-
ceuticals remained “an area
where guidance has to be pro-
vided without enforcement,” as
the drug industry’s spokesmen
urged.”® National consumption of
amphetamines showed no sign of
decline following the legislation’s
implementation.

Drug abuse in general became
an increasingly exigent political
topic during the later 1960s, as
popular concern mounted about
widespread amphetamine abuse
everywhere from leafy suburbs to
Vietnam to hippie enclaves like
Haight-Ashbury.”” In 1969, an-
other congressional hearing was
devoted to the theme “Crime in
America—Why 8 Billion Amphet-
amines?””® The legislation that
emerged, the 1970 Comprehen-
sive Drug Abuse Prevention
and Control Act, established the
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modern set of controlled sub-
stance “schedules” in harmony
with new international agreements
and enabled federal narcotics au-
thorities to establish and enforce
production quotas on drugs in the
most strictly controlled Schedules
I and II. However, reflecting in-
dustry interests, only a handful of
rarely prescribed injectable
methamphetamine products were
placed in Schedule II, while some
6000 oral amphetamine products
on the US drug market were
classed in Schedule III, meaning
they were subject to no manufac-
turing quotas and to looser
recordkeeping and their prescrip-
tions could be refilled 5 times.”
The impact on amphetamine con-
sumption was not dramatic, with
reported legal production drop-
ping only 17% between 1969 and
1970.%°

Although congressional focus
on a comparatively small but
frightening population of
methamphetamine-injecting
“speed freaks” spared industry any
major inconvenience in 1970,
law enforcement authorities had
not forgotten that 80% or 90% of
amphetamines seized on the street
were pills manufactured by US
pharmaceutical firms.®* Civil ser-
vants now stepped forward where
elected representatives feared to
tread. In mid-1971, the Bureau of
Narcotics and Dangerous Drugs
(BNDD; forerunner to today’s
Drug Enforcement Administration
[DEA]) exercised administrative
authority gained under the 1970
act by shifting all amphetamine
products to Schedule II, including
methylphenidate (Ritalin) and the
diet drug phenmetrazine (Pre-
ludin), both of which had proved
attractive to high-dose injection
abusers. Drugs in Schedule II re-
quired a fresh prescription each
time they were filled, and doctors
and pharmacists had to keep strict

records or face prosecution. Pre-
scription sales of amphetamines
and related drugs shot up when
the new restrictions were an-
nounced and then plummeted
60% below their original level
when they came into effect.®’
Large numbers of doctors and pa-
tients obviously realized that their
“medical” usage was difficult to
justify.

The move to Schedule II em-
powered federal narcotics authori-
ties, in consultation with the FDA,
to set quotas limiting the produc-
tion of amphetamines to quantities
required by medicine. Meanwhile,
the FDA was narrowing legitimate
uses of the amphetamines, retro-
actively declaring the drugs to be
of unproven efficacy in obesity
and depression. Manufacturers
were invited to submit applica-
tions demonstrating efficacy, but
in general these submissions were
based on older trials and were
found wanting by modern stan-
dards of clinical research. Only
narcolepsy and “hyperkinetic dis-
order of childhood” (today’s atten-
tion deficit disorder, then rare) re-
mained approved usages.®*

While the FDA pursued its
reevaluation of amphetamine effi-
cacy, in 1971, the BNDD took ap-
plications from firms wishing to
manufacture Schedule II drugs, a
procedure that required reporting
of past production. According to
this reporting, US firms applying
for 1971 quotas manufactured
17000 kg of amphetamine base
and 8000 kg of methampheta-
mine base in 1969. (In terms of
the units used in prior voluntary
FDA surveys, this figure equals
about 3 billion 10-mg ampheta-
mine sulfate tablets and 1 billion
10-mg methamphetamine hy-
drochloride tablets—altogether, 4
billion doses, a fair estimate of ac-
tual medical consumption in 1969
given the context of reporting).®®
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The BNDD originally set 1971
quotas to allow the manufacture
of about 15000 kg of ampheta-
mine and methamphetamine base
combined, 40% less than re-
ported 1969 levels. Another 40%
cut in the quantity of ampheta-
mines manufactured in the United
States was slated for 1972. Given
the prescribing slump that fol-
lowed Schedule II listing, how-
ever, the BNDD, with FDA agree-
ment, instead set production levels
for 1972 at one fifth of 1971 lev-
els and at one tenth of reported
medical production (or about one
twentieth of actual production) in
1969.%° Under the supply controls
imposed by the 2 agencies, am-
phetamines became relatively
minor drugs of abuse by the late
1970s, while illicit cocaine use
exploded.*”

RECENT TRENDS IN THE
LIGHT OF HISTORY

The first amphetamine epi-
demic was iatrogenic, created by
the pharmaceutical industry and
(mostly) well-meaning prescribers.
The current amphetamine resur-
gence began through a combina-
tion of recreational drug fashion
cycles and increased illicit supply
since the late 1980s.%® On the
basis of treatment admissions
data, methamphetamine abuse
doubled in the United States from
1983 to 1988, doubled again be-
tween 1988 and 1992, and then
quintupled from 1992 to 2002.%°
According to usage surveys, dur-
ing 2004, some 3 million Ameri-
cans consumed amphetamine-type
stimulants of all kinds nonmed-
ically, twice the number of a dec-
ade earlier. As noted, 250000 to
350000 of them were addicted.”
Thus, in terms of absolute num-
bers, the current epidemic has
now reached approximately the
same extent and severity as that of
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Table 1—Estimated Prevalence of Amphetamine Misuse and Dependency in the United States at Peak of
First and in Current Epidemics, Expressed as Numbers of Individuals and Percentage of Total Population

Past Year Nonmedical Physical Dependency or Total US

Year Amphetamine Use, Millions (%) Addiction, Thousands (%) Population, Millions
1970 3.8°(1.9) 320" (0.16) 203°
2002 32°(1.1) 303%(0.10) 291°

Source. For references to footnotes, see endnote 91.

“Derived by taking past-6-month New York State usage prevalence figures as indicators of national past-year usage.

®Derived by applying upper-range medical dependency and addiction rates from early 1960s in northern Britain to total US medical and
nonmedical amphetamine-using population in 1970. Note that the informal but relatively stringent “physical addiction” of the 1960s is not
identical to “dependence” as defined by the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.

°From the Bureau of the Census.

the original epidemic at its peak in
1970, when there were roughly
3.8 million past-year nonmedical
amphetamine users, about

320 000 of whom were addicted
(Table 1). (Of course, the national
population then was about 200
million compared with 300 mil-
lion today, meaning that in rela-
tive terms today’s epidemic is only
two thirds as extensive.)

Another striking similarity be-
tween present and past epidemics
relates to the role of pharmaceuti-
cal amphetamines. Although illic-
itly manufactured methampheta-
mine launched the current
epidemic, in step with rising am-
phetamine abuse in recent years,
the United States has seen a surge
in the legal supply and use of am-
phetamine-type attention deficit
medications, such as Ritalin
(methylphenidate) and Adderall
(amphetamine). American physi-
cians, much more than those in
other countries, apparently are
again finding it difficult to resist
prescribing stimulants that patients
and parents consider necessary, or
at least helpful, in their struggle
with everyday duties.” According
to DEA production data, since
1995, medical consumption of
these drugs has more than quintu-
pled, and in 2005, for the first
time exceeded amphetamine
consumption for medical use at
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“Data for 2002 are consistent with more recent household drug use survey data.

the epidemic’s original peak: 2.5
billion 10-mg amphetamine base
units in 1969 vs 2.6 billion com-
parable units in 2005.9% Thus,
just as the absolute prevalence of
amphetamine abuse and depend-
ency have now reached levels
matching the original epidemic’s
peak, so has the supply of medical
amphetamines (Figure 1).

Might the recent increases in
both medical and nonmedical
amphetamine use be related, and
if so, how? Childhood stimulant
treatment for attention deficit dis-
order as a cause of later nonmed-
ical amphetamine consumption is
one possible connection that has
received considerable attention.
Although controversy remains,
the weight of evidence suggests
that medication prescribed for at-
tention deficit disorder does not
predispose individuals to stimu-
lant abuse or dependence.”®
Moreover, if there is a statistical
association, it may link stimulant
misuse to attention deficit disor-
der per se (rather than to medica-
tion),”* as one would expect if
some nonmedical amphetamine
use is in fact self-medication. Nev-
ertheless, this line of inquiry does
not eliminate any possible rela-
tionship between prescribing for
attention deficit disorder and
rates of stimulant abuse. Even if
there is no connection at the
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FIGURE 1—US medical consumption
of amphetamine and methylphenidate,
expressed as common dosage units
(10-mg amphetamine and 30-mg
methylphenidate, anhydrous base),
based on Drug Enforcement
Administration production quota
figures.”

individual level, there may be
one at the population level.

Other than converting atten-
tion deficit disorder patients into
abusers, prescribed ampheta-
mines can contribute to the na-
tional stimulant epidemic in at
least 2 other ways. For one, the
mere distribution of so many
stimulant tablets in the popula-
tion creates a hazard. Diversion
from students with attention
deficit prescriptions to those
without is known to occur in
high schools, and at American
universities, both diversion and
nonmedical use by those with
prescriptions are commonplace.”
In 2005, some 600 000
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Americans used psychiatric stim-
ulants other than methampheta-
mine nonmedically in the past
month.”® Thus, legally manufac-
tured attention deficit medica-
tions like Adderall and Ritalin
appear to be supplying frequent,
and not just casual, misusers.

A detailed analysis of stimulant
abuse in recent national house-
hold drug surveys found not only
that 1.6 million of the 3.2 million
past-year nonmedical users of
stimulants in the United States
used strictly nonmethampheta-
mine psychiatric stimulants in the
past year, but that over 750 000
of them had never used any
stimulants except attention deficit
pharmaceuticals in their entire
lives. In that study, those who
abused only nonmethampheta-
mine (i.e., pharmaceutical) stimu-
lants in the past year accounted
for one third of the approxi-
mately 300 000 Americans esti-
mated to be amphetamine ad-
dicted (reflecting the fact that
nonmethamphetamine users
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have a somewhat lower rate of
frank addiction than metham-
phetamine users.”” On this evi-
dence alone, one can fairly de-
scribe the high production and
prescription rates of these med-
ications as a public health men-
ace of great significance.

Besides iatrogenic dependence
and diversion to nonmedical users,
there is another way that wide-
spread prescription of amphetamine-
type stimulants can contribute to
an amphetamine epidemic. When
a drug is treated not only as a legal
medicine but as a virtually harm-
less one, it is difficult to make a
convincing case that the same drug
is terribly harmful if used nonmed-
ically. This is what happened in
the 1960s and is presumably hap-
pening today. Thus, to end their
rampant abuse, amphetamines had
to be made strictly controlled sub-
stances and their prescription
sharply curtailed. Today, ampheta-
mines are widely accepted as safe
even for small children, and this
return of medical normalization in-

evitably undermines public health
efforts to limit amphetamine abuse.
We have not yet reached the point
where up to 90% of the ampheta-
mines sold on the street are prod-
ucts of US pharmaceutical firms, as
the federal narcotics chief reluc-
tantly admitted before Congress in
1970.”° But with half the nation’s
nonmedical users evidently con-
suming pharmaceutical ampheta-
mines only, the comments made
by Senator Thomas Dodd in those
hearings echo strongly today.
America’s drug problems were no
accidental development, Dodd ob-
served; the pharmaceutical indus-
try’s “multihundred million dollar
advertising budgets, frequently the
most costly ingredient in the price
of a pill, have pill by pill, led, coaxed
and seduced post—World War II
generations into the ‘freaked out’
drug culture” plaguing the nation.”®
Any effort to deal harshly with
methamphetamine users today in
the name of epidemic control,
without touching medical stimu-
lant production and prescription, is
as impossible practically as in
1970—and given historical experi-
ence, even more hypocritical. |
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FDA Regulation of Obesity Drugs:
1938 - 1999

Eric Colman, MD
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Food and Drug Laws

1906 — President T. Roosevelt signs the original Food and
Drugs Act
« 1938 - President F. Roosevelt signs Food, Drug, and
Cosmetic Act
— Labeling provisions
— Advertising provisions
— Drug manufacturers must submit evidence of a drug’s
safety prior to marketing (sulfanilamide)
— New Drug Applications (NDA)
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The Amphetamines

 Lesses, M.F. and Myerson A. Benzedrine sulfate as an aid
in the treatment of obesity. 1938 New Engl J Med;
218:119-124

 Benzedrine (amphetamine sulfate) approved by the FDA in
1939

 Desoxyephedrine approved in 1943

. Obe5|ty indication for desoxyephedrine approved in 1947

— “The sympathomimetic amines have been found of
value, when administered under the supervision of a
physman as an adjunct to the dietary management of
obesity”

— warned against its use in persons with cardiovascular
disease, hypertension, or insomnia and in those who
were “neurotic or hyperexcitable.”

« Amphetamines: amphetamine sulfate, desoxyephedrine
(methamphetamine), dextroamphetamine, amphetamine +
barbiturate
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The Amphetamine-Like Drugs
1956-1960

 Phenmetrazine
 Phendimetrazine
* Phentermine
 Benzphetamine
* Diethylpropion
— “any [obese] patient, including the adolescent, geriatric, and
gravid, as well as the special-high risk situations of the
cardiac, hypertensive, and diabetic [patient].”
— “tolerance, habituation, or addiction [did] not develop,” ...
ideal for “long-term use”
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riL A September 8, 2004 4




An Epidemic

 Widespread illicit use and abuse of amphetamines
— 19588 — 3.5 billion tablets
— 1967 — 8 bhillion tablets
— 1967 — 23 million prescriptions (80% female)
« Most commonly prescribed for obesity
* Drug Abuse Control Amendments of 1965
— Increased record keeping throughout the system of
manufacture, distribution, prescription, and sale
« Controlled Substances Act of 1970
— Schedules 1-5
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1962 Kefauver-Harris
Amendments

* Legislation mandated that new drug applications contain

substantial evidence of a drug’ s effectiveness
— “adequate and well-controlled investigations”

 What should be done regarding efficacy assessments for
drugs approved between 1938 and 1962?

* National Research Council of the National Academy of
Sciences

* Drug Efficacy Study (DESI)
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The Drug Efficacy Study
1966-1969

« Psychiatric Drug Panel reviewed the available data on the
efficacy of the amphetamines and the amphetamine-like
drugs

- Categories of efficacy:

— Effective

— Effective, but.........
— Probably effective
— Possibly effective
— Ineffective
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The Drug Efficacy Study
Results

- Amphetamines “Possibly effective”
- Amphetamine-like drugs “Effective but..........
- Reasons for Psychiatric Drug Panel’ s conclusions:

— Studies were of short duration;

— There was no available evidence that the drugs altered
the natural history of obesity;

— There was some evidence that the anorectic effects may
have been strongly influenced by the suggestibility of
the patient;

— There were concerns about the adequacy of the controls
in some of the clinical studies.
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Regulatory Consequences of DESI

« 1970 - FDA concluded that the amphetamines were
Possibly effective.... as a short term (a few weeks) adjunct
in a regimen of weight reduction based on caloric
restriction

* Industry directed to submit evidence of weight-loss efficacy
from adequate and well-controlled trials of more than a few
weeks duration

* No formal FDA position regarding the efficacy of the
amphetamine-like drugs
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Formation of FDA’' s Obesity Drug
Policy in the Early 1970s

* The Prout Consultant Group
Neuropharmacology Drugs Advisory Committee
- The Amphetamine-Anorectic Drug Project
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The Prout Consultant Group

Eight external consultants headed by Thaddeus Prout, an
endocrinologist from Johns Hopkins

April 1971 meeting:
— Weight-loss drugs are potentially of value
— Efficacy trials should be at least 12 weeks in duration
— Long-term follow up of patients was not the
responsibility of drug companies
— Efficacy of the weight-loss drugs should be defined as
statistical superiority of drug to placebo

Endocrinologic and Metabolic Drugs Advisory Committee
FDA : gs Advisory

September 8, 2004
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The Neuropharmacology Drugs
Advisory Committee

 September 1971

What criteria should be used to define clinically significant
weight loss?

- Reference made to Prout’ s recommendation that efficacy
be defined as statistical superiority of drug to placebo

- Still no answer on what defines clinically significant weight
loss
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The Amphetamine-Anorectic
Drug Project

* A meta-analysis of clinical data submitted to FDA
 All amphetamine and amphetamine-like compounds
(including fenfluramine and sanorex)
« 200 clinical studies
10,000 patients
— Patients treated with active medication lost “some
fraction of a pound a week more than those on placebo”
— Data did not suggest that one drug was superior to
another nor that the amphetamines as a class were
more effective than the amphetamine-like drugs.
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Consequences of the
Amphetamine —Anorectic Drug
Project

« 1973 Agency declared the amphetamine and amphetamine-like
drugs effective for the treatment of obesity

« Class labeling - concern about abuse led FDA to impose a
short-term (a few weeks) indication for obesity on all
amphetamine and amphetamine-like drugs
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FDA’ s Continued Action Against
The Amphetamines

1979 Federal Register notice calling for removal of the obesity
indication for the amphetamines
— Continued evidence of abuse from DAWN
— No evidence that the amphetamine were more effective for
obesity than the amphetamine-like drugs
* Industry response
— Analyses of data from DAWN were incorrect
— Problems with illicit production and use were the purview of
state medical boards and the DOJ, not FDA
— Abuse required use beyond a few weeks, so this was off-
label use of the drug; again not an issue for FDA
— More favorable risk-to-benefit profiles for the amphetamine-
like drugs not a legitimate reason to take action against the
amphetamines
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Phentermine + Fenfluramine

* Phentermine — stimulant

 Fenfluramine — sedative

* Long-term studies in the 1980s by Weintraub et al.
 The rise of Phen-Fen

Prescriptions for Phentermine and Fenfluramine#

1992 1996
Phentermine 2,000,000 11,000,000
Fenfluramine 69,000 7,000,000

TE—=» Endacrinologic and Metabolic Drugs Advisory Committee
w@@ September 8:’2004 16



Regulatory Shift

* 1992 regulatory responsibility for obesity drugs transferred
from the Division of Neuropharmacology Drugs to the
Division of Metabolic and Endocrine Drugs

- Effective drug treatment requires long-term or indefinite
use

* Pre-approval studies should therefore be long-term

« Jan. 1995 Advisory Committee discusses the Obesity
Guidance document
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Obesity Guidance - 1996

Efficacy criteria:
— Mean weight loss in drug group is at least 5% greater

than mean weight loss in placebo group
— Proportion of patients who lose at least 5% of baseline
weight is greater in drug vs. placebo group
Size and duration of phase 3 trials
— 1500 patients studied for one-year under placebo-
controlled conditions
— 200-500 patients for an additional year of open-label

study
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Long-Term Treatment of
Obesity

* Dexfenfluramine approved in 1996
— Removed from market in 1997
» Sibutramine approved in 1997
— MERIDIA is indicated for the management of obesity,
including weight loss and maintenance of weight loss,
and should be used in conjunction with a reduced
calorie diet.
* Orlistat approved in 1999
— XENICAL is indicated for obesity management including
weight loss and weight maintenance when used in
conjunction with a reduced-calorie diet. XENICAL is also

indicated to reduce the risk for weight regain after prior
weight loss.
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Summary

Benefits: defining or quantitating the efficacy of weight-loss
drugs has been problematic

— 1940s-1960s: ????

— 1960s: statistically significantly more weight loss

— 1990s: clinically significant weight loss is 5%

Risks: safety issues have dominated the regulatory history of
the weight-loss drugs

— lllicit use and abuse

— Primary pulmonary hypertension

— Cardiac valvulopathy

— Blood pressure and pulse
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Conclusion
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REFERENCE 7

Obesity

Food and Drug Administration’s Obesity Drug
Guidance Document
A Short History

Eric Colman, MD

An estimated 70% of adult men and 60% of adult women
in the United States are overweight or obese.! Excess
body fat increases the likelihood of developing hypertension,
dyslipidemia, and type 2 diabetes mellitus and is an indepen-
dent risk factor for cardiovascular disease.>~* Obesity is
linked to an increased risk for certain cancers, osteoarthritis,
and sleep apnea.>-8 Obese people are stigmatized.® Medical
costs attributable to obesity are enormous.'? The healthcare
community and patients would thus welcome the develop-
ment and approval of new obesity drugs with favorable
benefit-risk profiles.

To facilitate drug development, the US Food and Drug
Administration’s (FDA’s) Center for Drug Evaluation and
Research issues guidance documents for the pharmaceutical
industry. These documents provide the agency’s current
thinking on therapeutic indications, target populations, clini-
cal trial designs, and data analyses. This article examines the
origins and evolution of the FDA’s guidance document for
the development of drugs to treat obesity.

Background

In 1947, the FDA approved the first prescription obesity drug,
desoxyephedrine or methamphetamine.!! Approval of am-
phetamine congeners (eg, phentermine), fenfluramine, and
other appetite suppressants followed over the next 22 de-
cades. Then, in 1973, with the country struggling with a
long-running epidemic of amphetamine abuse, the FDA,
concerned about the abuse potential of the amphetamine
congeners and their transient efficacy, limited the indication
of all obesity drugs to short-term use (ie, a few weeks).!"-12
This restriction did little to counter opinions that vanity was
the only reason to lose weight and that obesity drugs had no
role in long-term weight loss.

This mindset began to change in subsequent years.
“[While] most public attention and economic activity related
to obesity has been devoted to cosmetic and esthetic concerns
about body weight, it has become increasingly obvious that
obesity is a serious public health concern, with adverse

effects on health and longevity,” declared members of a 1985
National Institutes of Health (NIH) Consensus Conference on
obesity.'> Long-term studies (eg, >6 months) of approved
and investigational obesity drugs were also initiated during
this time period.

The discovery in the early 1990s of leptin, an adipocyte-
derived hormone integral to the regulation of body weight,
coincided with the transfer of regulatory oversight of obesity
drugs from the FDA’s Division of Neuropharmacologic
Drugs to the Division of Metabolism and Endocrinology
Products (the Division).'#

1995 FDA Adyvisory Committee Meeting
In 1995, the Division convened a public meeting with its
advisory committee and a number of obesity experts to
facilitate the development of a guidance document for the
development of obesity drugs.

The overriding message from the first day of presentations
by experts in the field was that obesity is a chronic disease.'>
And as with any chronic disease, pharmacotherapy is effec-
tive only when taken long term. There was no reason to
believe, it was pointed out by an academic bariatrician, that a
patient with hypertension would benefit long term from a
short course of an antihypertensive. Why, then, did some
people persist in believing that long-term pharmacotherapy
had no place in the treatment of obesity? First, he remarked,
“obesity is a stigmatized condition” (G. Bray, Endocrinologic
and Metabolic Drugs Advisory Committee Meeting).!0 If
obese individuals would simply push themselves from the
dining room table, the refrain went, they would have no need
for an obesity drug. Second, he noted that obesity drugs
suffered under the “negative amphetamine halo.”!¢ The ap-
proved weight-loss drugs had structural similarities to am-
phetamine. Thus, many believed that they were addictive and
should be avoided. Third, he indicated that in past studies, by
and large, pharmacologically induced weight loss was not
maintained long term.'”
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Yet, this bariatrician displayed optimism as he presented
data to the committee demonstrating that dexfenfluramine-
associated weight loss was sustained for 1 year.!® Further-
more, combining fenfluramine, a serotonergic compound,
with phentermine, an adrenergic compound (fen-phen), he
observed, was a very effective way to lose weight and sustain
it long term.'” Some obese individuals treated with this
combination, he informed the committee, were able to reach
and maintain ideal body weight for as long as 4 years.

“Did any of these studies really address the issue of
morbidity and mortality?” asked an advisory committee
member (J. Cara, Endocrinologic and Metabolic Drugs Ad-
visory Committee Meeting).2° “The numbers are too small for
mortality,” responded the bariatrician.'® “I mean, what is the
mortality of a 30-year-old population? You need tens of
thousands. You really can’t address that question ... so the
answer is no.”'® Regarding morbidity, he stressed that the
fen-phen studies demonstrated “improved high density lipo-
protein cholesterol levels and decreased triglyceride [lev-
els].”'¢ Furthermore, “... you can get a reduction in blood
pressure with modest reductions in body weight,” he contin-
ued.’® “How would you design a trial to be able to provide
data about long-term morbidity and mortality if all you
looked at was simply weight loss?” inquired another commit-
tee member (E. Siris, Endocrinologic and Metabolic Drugs
Advisory Committee Meeting).2! That, according to the
bariatrician, was an issue best handled by the National
Institutes of Health, not drug companies. The first studies to
demonstrate that lowering cholesterol or blood pressure with
drugs reduced cardiovascular morbidity and mortality, he
indicated, were government-sponsored trials. Drug develop-
ment would be stifled, he believed, if companies were
required to evaluate morbidity or mortality end points before
drug approval.

On the second day of the meeting, a senior FDA official
reminded the committee that the obesity drug guidance was
not intended to be an obstacle to drug development. Rather, it
was viewed as a means to advance the field of obesity
pharmacotherapy by ensuring that new drugs were approved
on the basis of “sound scientific data showing benefits to
health and well-being” (G. Troendle, Endocrinologic and
Metabolic Drugs Advisory Committee Meeting).2? “If the old
policies are continued,” she cautioned, “and drugs are ap-
proved on the basis of a few kilograms of weight loss for 3-
to 6-month intervals following which there is a clear tendency
for excess weight to return, medical experts will continue to
believe that in the long-run patients would be better off if left
untreated.”??

Nearing the meeting’s end, the Division asked the advisory
committee a number of questions: Is weight loss alone an
appropriate end point on which to base approval of a new
drug? What degree of weight loss should be considered
clinically significant? And what duration of preapproval
study is appropriate to assess the efficacy and safety of a new
drug?

The majority of the committee believed that weight loss
alone would be sufficient for approval, provided that it was
clinically significant, which was variously referred to as a
5%, a 5% to 10%, or a 10% to 15% reduction in body weight.
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Most members supported 1-year trials to assess efficacy, with
some recommending a second year for efficacy and safety.

The 1996 Draft Obesity Drug Guidance
After the 1995 advisory committee meeting, a draft guidance
for obesity drugs was published in 1996.2> The goal of this
guidance was to facilitate the development of drugs to
improve health and self-esteem by reducing body fat.

The target population included individuals with a body
mass index (BMI) =30 kg/m* or =27 kg/m? if accompanied
by weight-related comorbidities such as hypertension, dyslip-
idemia, and type 2 diabetes mellitus. These BMI thresholds
reflected a recommendation that individuals be treated when
their body weight was at least 20% above “desirable weight”
based on Metropolitan Life Insurance data from 1983.24 A
BMI of ~27 kg/m* for men and women corresponded to
being 20% above desirable weight and was associated with
increased risks for hypertension, hypercholesterolemia, and
diabetes mellitus, as well as premature death.

The guidance recommended that the pivotal studies be
randomized, double blind, and placebo controlled for 1 year,
with open-label drug exposure during a second year. Only
subjects whose weight loss plateaued and remained above
ideal body weight after at least 6 weeks of lifestyle modifi-
cation were to be randomized to active drug or placebo.
Approximately 1500 subjects were to complete 1 year of
double-blind, placebo-controlled treatment, with 200 to 500
completing a second year of open-label drug exposure. These
sample sizes mirrored those historically used for the devel-
opment of lipid-altering drugs and were aimed at assessing
safety rather than efficacy because far fewer subjects would
generally be necessary to demonstrate statistically significant
weight loss. Because diet-induced reductions in body weight
of 5% to 10% reduced blood pressure, indexes of glycemia,
and levels of triglycerides and increased levels of high-
density lipoprotein cholesterol, the guidance used 5% as an
efficacy benchmark.?s In addition to assessing efficacy by
comparing the mean changes in body weight between treat-
ment groups, it was also considered informative to compare
the frequency of 5% weight-loss responders between treat-
ment groups.

Hence, demonstration of weight-loss efficacy was possible
if the drug effect is significantly greater than the placebo
effect and the mean drug-associated weight loss exceeds the
mean placebo weight loss by at least 5% or the proportion of
subjects who lose at least 5% of their initial body weight is
significantly greater in subjects on drug than placebo.

Efficacy was to be assessed after 1 year of treatment.
Companies were encouraged to measure biomarkers of car-
diovascular and metabolic risk because they may have a place
in determining the balance of benefit versus risk for the drug.

Approval of Drugs for the Long-Term
Treatment of Obesity
Although the development programs for dexfenfluramine
(Redux), sibutramine (Meridia), and orlistat (Xenical) were
initiated before publication of the 1996 draft obesity guid-
ance, they were all aimed at gaining regulatory approval for
the treatment of obesity without restriction on the duration of
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use. The mean placebo-subtracted weight loss associated with
these drugs after 1 year of treatment was <5%, but a greater
proportion of drug-treated compared with placebo-treated
subjects lost at least 5% of baseline body weight.26=2% In
general, biomarkers of cardiovascular risk moved in the
appropriate direction with dexfenfluramine and orlistat.?®-3°
However, the stimulation of the sympathetic nervous system
by sibutramine led to small to modest increases in blood
pressure and pulse relative to placebo.3!

Some scientists were convinced, on the basis of primate
data, that dexfenfluramine was a neurotoxin.3? Others pointed
to epidemiological data indicating that dexfenfluramine in-
creased the risk for primary pulmonary hypertension, a rare
but fatal disease.?* Because this risk did not manifest until at
least 3 months of exposure to the drug, it was argued that the
benefit-risk profile could be enhanced by limiting the use of
dexfenfluramine to overweight and obese individuals who
lost at least 4 pounds during the initial month of treatment
because they were more likely to lose at least 10% of their
initial body weight by the end of 1 year of treatment.>* The
chief safety issue with orlistat was the possibility of devel-
oping a fat-soluble vitamin deficiency.?5-3¢ Vitamin supple-
mentation, it was assumed, would negate this potential harm.
The sympathomimetic effects of sibutramine were concern-
ing but deemed manageable through monitoring of blood
pressure and pulse.

All things considered, the FDA believed that the benefits of
these drugs outweighed their risks, and each was approved for
the long-term treatment of obesity: dexfenfluramine in 1996,
sibutramine in 1997, and orlistat in 1999.

Postapproval data linking dexfenfluramine and fenflu-
ramine (approved in 1973 for short-term use) to cardiac valve
damage—requiring valve replacement in some cases—ren-
dered the benefit-risk profiles of these drugs unfavorable.37-3
Both were removed from the market in 1997.

The 2004 FDA Advisory Committee Meeting
In 1998, the National Institutes of Health issued Clinical
Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults. 3° In these guidelines,
normal weight was defined as a BMI of 18.5 to 24.9 kg/m?;
overweight, as a BMI of 25 to 29.9 kg/%; obesity, as a BMI
=30 kg/m?; and extreme obesity, as a BMI =40 kg/m?>. The
classifications were based largely on cross-sectional data
relating BMI to mortality in which the risk for death in some,
but not all, analyses begins to increase at a BMI of ~25
kg/m?40-42 Given the new weight classifications and other
developments in the field of obesity since issuance of the
1996 obesity guidance, the Division again convened its
external advisory committee and a group of obesity experts in
2004 to discuss updating the guidance document.

Because the recommended target population for drug
therapy in the 1996 obesity drug guidance included individ-
uals with BMIs of =27 kg/m* and overweight was defined in
the 1998 National Institutes of Health guidelines as a BMI of
25 to 29.9 kg/rnz, a researcher from the Centers for Disease
Control and Prevention was asked by the Division to provide
the advisory committee with an overview of the epidemiol-

ogy of overweight, with a focus on data related to individuals
with BMISs in the range of 25 to <27 kg/m>.

As recent data from the National Health and Nutrition
Examination Surveys indicated, the Centers for Disease
Control and Prevention researcher pointed out to the commit-
tee that ~30 million American adults had a BMI in the range
of 25 to <27 kg/mz.43 About 12 million, half of whom were
=60 years of age, had hypertension, hypercholesterolemia, or
diabetes mellitus. She highlighted that, in general, the prev-
alence of diabetes mellitus, hypertension, and hypercholes-
terolemia increased as BMI increased but without clear
inflection points.

There was little information on the health benefits of
weight loss in this BMI range of 25 to <27 kg/m?, the
Centers for Disease Control and Prevention researcher ob-
served, because these individuals had not, for the most part,
been included in weight-loss studies. Nonetheless, she re-
marked, “short-term weight loss has beneficial effects on risk
factors such as blood pressure and cholesterol” (K. Flegal,
Endocrinologic and Metabolic Drugs Advisory Committee
Meeting), and most studies suggest that the relationship
between weight loss and risk factor improvement is mono-
tonic.** “You would infer from this,” she continued, ‘“that
weight loss is very likely to improve blood pressure and other
risk factors, certainly in the range of BMI of 25 to 27 [kg/m?],
as well as perhaps at any weight level.”#* This researcher
cautioned, however, that “there are [some] observational
studies that suggest some association of weight loss with
increased rather than decreased mortality.”+*

As an FDA drug use specialist next informed the commit-
tee, white women accounted for ~80% of obesity drug
prescriptions in the United States, with ~60% of the prescrip-
tions being written for individuals between 18 and 44 years of
age and 33% for people 45 to 64 years of age.*> Although the
majority of obesity drugs were paid for by cash, the commit-
tee learned, third-party payment had increased from ~20% to
30% during the years 1999 to 2003.43

The morning session of the meeting concluded with a
presentation by a bariatrician and then president of the
American Obesity Association. “I have looked into the eyes
of [obese] people and seen the pain and heard the pain as they
talk, and I have failed them and I think we have all failed
them” (R. Atkinson, Endocrinologic and Metabolic Drugs
Advisory Committee Meeting), he opined to the committee.*>
Discussing barriers to the use of drugs to treat obesity, he
stated that “obesity is the last bastion of socially acceptable
bigotry.”#> Physician ignorance was another barrier. Econom-
ics played a part. Drugs approved for the long-term treatment
of obesity are expensive and “insurance companies and
employers are worried about breaking the bank.”#> Additional
barriers to obesity drugs were “limited choices and poor
efficacy.”*s

During the afternoon session, the committee responded to
a number of questions posed by the Division, including 3
fundamental ones: Should the target population for drug
treatment be expanded to include individuals with BMIs of 25
to <27 kg/m* with an obesity-related comorbidity? Should
obesity drug efficacy continue to be judged by the 5%
weight-loss benchmark? And should preapproval trials of
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Table 1. Key Features of the Food and Drug Administration’s
2007 Draft Obesity Drug Guidance

Target population

BMI =27 kg/m? plus a weight-related comorbidity or a BMI =30 kg/m?
Size and duration of the phase 3 clinical trials

=4500 Overweight and obese subjects studied for at least 1y
Efficacy criteria

Mean placebo-subtracted weight loss =5% or proportion of drug-treated
subjects who lose =5% of baseline body weight is =35% and
approximately double the proportion who lose =5% in the placebo group

Secondary end points of interest
Blood pressure and pulse
Lipoprotein lipids
Fasting glucose and insulin
Hemoglobin A, (in diabetics)
Waist circumference
Quality of life

Primary analysis population
Intention to treat

BMI indicates body mass index.

investigational obesity drugs include a second year of open-
label drug exposure?

Some panelists recommended lowering the target popula-
tion to include individuals with BMIs of 25 to <27 kg/m®
with at least 1 obesity-related comorbidity; however, the
majority favored keeping the BMI cutoff at =27 kg/m” when
accompanied by a comorbidity. As 1 panelist commented,
“... because we don’t have outcomes data related to mortality
or morbidity [with drug-induced weight loss], I personally
would not lower the BMI cut point ....” (M. Wierman,
Endocrinologic and Metabolic Drugs Advisory Committee
Meeting).4¢

There was uniform agreement by the committee that
weight-loss efficacy should continue to be defined by the 5%
benchmark. Some panelists favored a second year of open-
label drug exposure, although more believed that 1-year trials
would provide sufficient data to assess the preapproval
efficacy and safety of a new obesity drug.

The 2007 Draft Obesity Drug Guidance
After this latest advisory committee meeting, an updated draft
guidance was issued in 2007 for the purpose of facilitating
development of obesity drugs for medical weight loss, de-
fined as a long-term reduction in fat mass with a goal of
reduced morbidity and mortality through quantifiable im-
provements in biomarkers such as blood pressure, lipids, and
hemoglobin A, (Table 1).47

The target population for inclusion in studies of investiga-
tional obesity drugs remains individuals with a BMI =30
kg/m? or =27 kg/m* when accompanied by weight-related
comorbidities. The 2007 draft guidance recommends that
subjects with extreme obesity (ie, BMI >40 kg/m?) be
included in development programs. To define efficacy and to
provide a reasonable estimate of safety, the guidance recom-
mends that ~3000 subjects be randomized to active doses of
the investigational drug and no fewer than 1500 subjects be
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randomized to placebo for 1 year. This sample size provides
80% power to rule out with 95% confidence an ~50%
increase in the incidence of an adverse event that occurs at a
rate of 3% in the placebo group (ie, 4.5% versus 3%).

To simulate the real-world setting, a lifestyle modification
program that strikes an appropriate balance between effec-
tiveness and simplicity was recommended as standard of care
for all study subjects.

Efficacy continues to be assessed with the 5% mean and
categorical criteria: The difference in mean weight loss
between active-treated and placebo-treated groups is at least
5% and the difference is statistically significant, and the
proportion of subjects who lose =5% of baseline body weight
in the active-treated group is at least 35%, approximately
double the proportion in the placebo-treated group, and the
difference between groups is statistically significant.

The standard that the proportion of active-treated group
who lose =5% of baseline body weight be at least 35% and
approximately double the proportion in the placebo group
was based on clinical trial data from previously approved
obesity drugs. In long-term studies of sibutramine and orl-
istat, the proportion of subjects treated with active drug plus
lifestyle modification who lost at least 5% of baseline body
weight was generally double the proportion of subjects
treated with placebo plus lifestyle modification.2”-28 More-
over, because the absolute proportion of subjects losing at
least 5% of baseline body weight is directly related to the
intensity of the lifestyle modification program, data from a
clinical trial of orlistat conducted in the primary care setting
that used a realistic real-world lifestyle modification program
provided the basis for the requirement that at least 35% of
subjects treated with active drug lose at least 5% of baseline
body weight.*8

In general, an obesity drug will be considered effective if
after 1 year of treatment either of the above efficacy criteria
was satisfied. Moreover, improvements in blood pressure,
lipids, glycemia, and other weight-related comorbidities com-
mensurate with the degree of weight loss are expected and
will be factored into the benefit-risk assessment of the drug.

The dropout rates in long-term obesity drug trials have
historically been high (eg, ~40%-50%). Although the guid-
ance does not stipulate a maximally tolerated dropout rate, in
addition to encouraging companies to do all they can to
increase subject retention, the guidance recommends that
body weight measurements in all subjects who prematurely
withdraw from long-term clinical trials be obtained near the
calendar date at which they were scheduled to complete the
trial. This will allow the primary efficacy analyses to be
conducted with a modified intention-to-treat population, de-
fined as subjects who received at least 1 dose of study drug
and have at least 1 postbaseline assessment of body weight.
To assess the effect of dropouts on the weight-loss results,
companies are encouraged to conduct sensitivity analyses
using imputation strategies.

New to the 2007 draft guidance are sections on the study of
overweight and obese individuals with type 2 diabetes,
combination drug therapy, the treatment of medication-
induced weight gain, and the development of obesity drugs
for the pediatric population.
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Study in Overweight and Obese Type 2 Diabetics
Compared with nondiabetic subjects, overweight and obese
subjects with type 2 diabetes mellitus often lose less weight
on obesity drugs and may face unique safety issues such as
risk for sulfonylurea-induced hypoglycemia after weight loss
(if the dose of sulfonylurea is not appropriately lowered or the
drug discontinued). Therefore, the 2007 draft guidance rec-
ommends that the efficacy and safety of obesity drugs be
examined in a trial dedicated to overweight and obese
subjects with type 2 diabetes mellitus. Successful completion
of a single trial may lead to inclusion of glycemia-related data
in the clinical studies section of the labeling of the drug but
is not considered sufficient to support approval of a stand-
alone indication for the treatment of type 2 diabetes mellitus.

Companies interested in obtaining a standalone indication
for the treatment of type 2 diabetes mellitus for their obesity
drug are required to study their drug comprehensively as an
antidiabetic agent and are referred to the FDA guidance
documents Diabetes Mellitus: Developing Drugs and Thera-
peutic Biologics for Treatment and Prevention*® and Diabetes
Mellitus: Evaluating Cardiovascular Risk in New Antidia-
betic Therapies to Treat Type 2 Diabetes.>°

Of note, the 2007 draft obesity drug guidance states that for
an obesity drug to obtain a standalone indication for the
treatment of type 2 diabetes mellitus, it should be shown that
the drug effectively treats type 2 diabetes mellitus through a
mechanism that is independent of weight loss. However, the
agency has reconsidered this requirement since issuance of
the draft guidance. Thus, a drug with a principal mechanism
of action of weight loss may gain approval and a standalone
indication for the treatment of type 2 diabetes mellitus by
showing clinically and statistically significant improvement
in glycemia within the context of a full development program
aligned with the 2 antidiabetic drug guidance documents.

Parenthetically, a weight-loss—inducing antidiabetic drug
could be approved for the treatment of obesity if the weight
loss satisfied the mean or categorical obesity drug efficacy
criterion and the development program was, in general,
aligned with the key features of the obesity drug guidance,
including study in overweight and obese nondiabetic subjects.

Fixed-Dose Combination Products

Two or more drugs may be combined into a single fixed-dose
combination when each component makes a contribution to
the claimed effects and the dosage of each component is such
that the combination is safe and effective for a significant
patient population requiring such concurrent therapy as de-
fined in the labeling for the drug.>' Special cases of this
general rule include the addition of a component to enhance
the safety or effectiveness of the principal component or to
minimize the potential for abuse of the principal active
component.

The draft guidance recommends that the efficacy and
safety of fixed-dose combination obesity drugs be compared
with the individual components and placebo in phase 2 trials
of sufficient duration to capture the maximal or near-maximal
weight-loss effects of the drugs. Although the guidance does
not define a minimum difference in weight loss between a
fixed-dose combination and its individual components, a

combination drug that is associated with at least twice the
weight loss observed with each of the individual components
will be viewed more favorably than a combination that does
not achieve this degree of relative weight loss. If a fixed-dose
combination drug is shown to be more effective than its
individual components in a phase 2 study, the phase 3 trials
may be limited to examining the efficacy and safety of the
combination compared with placebo over the course of 1
year. The efficacy of the combination will be assessed with
the standard 5% mean and categorical weight-loss criteria.

Treatment of Medication-Induced Weight Gain

A number of drugs, notably psychotropics, are associated
with moderate to marked weight gain and new-onset type 2
diabetes mellitus.>>* The 2007 draft guidance recommends
that subjects eligible for participation in trials examining the
efficacy and safety of obesity drugs for the treatment of
medication-induced weight gain have a documented increase
in body weight of at least 5% within 6 months of starting a
drug known to cause weight gain. Furthermore, subjects
should have BMIs =30 kg/m? or =27 kg/m* with comorbidi-
ties at the time of study screening. Because many, if not most,
obesity drugs act within the central nervous system, as do
many drugs that cause weight gain, the guidance stresses the
need to demonstrate that the efficacy and safety of the
medication causing weight gain are not adversely affected by
a centrally acting obesity drug. For example, it would be
important to document that the efficacy of an antipsychotic
used to treat schizophrenia was not diminished when coad-
ministered with a centrally acting obesity drug. Efficacy of a
drug used to treat medication-induced weight gain will be
assessed with the standard 5% mean and categorical weight-
loss criteria.

Obesity Drug Development in the

Pediatric Population

In terms of obesity drug therapy for children and adolescents,
the 2007 draft guidance recommends that the efficacy and
safety of an investigational obesity drug first be examined in
adults before studies are initiated in pediatric subjects. Addi-
tionally, to ensure that the most appropriate dose or doses are
studied, an assessment of the pharmacokinetics of an obesity
drug in pediatric subjects may be necessary before embarking
on long-term studies. Trials examining the efficacy and safety
of obesity drugs in pediatric subjects should be randomized,
double blind, and placebo controlled and should be 1 year in
duration.

Initial studies should be limited to adolescents (ie, 12-16
year olds) with age- and sex-matched BMIs >95th percentile
and =1 weight-related comorbidities. Once a satisfactory
benefit-risk profile has been established in this high-risk
group, studies of lower-risk adolescents or children will be
considered. Linear growth needs to be taken into account in
assessments of changes in body weight of pediatric subjects.
Hence, the primary efficacy parameter of obesity drugs in
pediatric subjects should be a function of the change in BMI.
The 2007 draft guidance does not provide a sample size for
the phase 3 trials of pediatric subjects. Rather, the size of the
pediatric development program will be determined on the
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basis of the mechanism of action of the drug and its safety
profile in adults.

The efficacy assessment of an obesity drug in pediatric
subjects will take into account the effectiveness of the
product in adults and the magnitude of the difference in the
mean and categorical changes in BMI in active- versus
placebo-treated subjects.

With respect to the overall safety assessment of investiga-
tional obesity drugs, in addition to standard biochemical and
clinical monitoring of patients, on the basis of research
implicating activation of the SHT2, receptor as the mecha-
nism responsible for dexfenfluramine- and fenfluramine-
associated valvular heart disease, the 2007 draft guidance
recommends that serotonergic compounds that interact di-
rectly with the SHT2 receptor system be evaluated with serial
echocardiography to rule out cardiac valve injury.5>5¢ More-
over, the draft guidance notes that as new scientific data
emerge, the need for specific safety assessments for investi-
gational obesity drugs may change accordingly. As detailed
below, recent experience with rimonabant and sibutramine is
illustrative in this regard.

Rimonabant

The endocannabinoid system is involved in a vast array of
physiological functions, including energy homeostasis. Acti-
vation of cannabinoid type 1 receptors in the central nervous
system influences appetite and feeding behavior, whereas
activation in the periphery affects substrate metabolism in fat,
skeletal, and liver cells.5” Rimonabant was the first-in-class
cannabinoid type 1 receptor antagonist developed for the
treatment of obesity.

Data submitted to the FDA in a new drug application in
2005 indicated that, over the course of 1 year, rimonabant 20
mg once daily was associated with an ~5% mean reduction
in body weight compared with placebo in overweight and
obese nondiabetics.’® Approximately 50% of rimonabant-
treated subjects lost at least 5% of initial body weight
compared with ~20% of placebo-treated subjects. Changes in
biomarkers of cardiovascular and metabolic risk were favor-
able with rimonabant treatment. Thus, rimonabant was an
effective obesity drug when gauged by the standards of the
draft obesity drug guidance.

However, the doubling of reports of anxiety and depres-
sion, a signal for suicidal ideation as identified by a retro-
spective analysis of adverse event data, and an ill-defined
constellation of neurological signs and symptoms in
rimonabant-treated subjects led an FDA advisory committee
to unanimously conclude that, on the basis of the available
data, the potential benefits of rimonabant did not outweigh
the potential risks.>® The rimonabant application was volun-
tarily withdrawn from the FDA by the sponsor shortly after
the advisory committee meeting. On the basis of this experi-
ence, the draft obesity guidance recommends that the devel-
opment programs for centrally acting obesity drugs prospec-
tively assess neuropsychiatric function, including suicidality,
with validated instruments.

Meanwhile, the European Medicines Agency had approved
rimonabant for the treatment of obesity in 2006. And the
favorable changes in biomarkers of cardiometabolic risk
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associated with rimonabant led the sponsor of the drug to
initiate the Comprehensive Rimonabant Evaluation Study of
Cardiovascular Endpoints and Outcomes (CRESCENDO)
trial in 2005. This study of ~9000 subjects randomized to
rimonabant and ~9000 to placebo was powered to demon-
strate a 15% reduction in the relative risk of major cardio-
vascular events in rimonabant-treated subjects. Demonstra-
tion that long-term treatment with rimonabant reduced the
incidence of cardiovascular death, myocardial infarction, or
stroke would have greatly enhanced the benefit-risk profile of
the drug.

But, in January 2009, the European Medicines Agency
suspended the marketing authorization for rimonabant.®® This
action followed an updated assessment of available data
indicating that the risk for serious psychiatric disorders,
including suicide, appeared to be higher than observed in the
preapproval clinical trials. Together with evidence that many
real-world patients were taking rimonabant for short periods
of time and therefore were unable to reap the benefits of
sustained weight loss, European regulators concluded that the
benefits of rimonabant no longer outweighed its risks. At the
time the marketing and worldwide study of rimonabant came
to an end, participants in the CRESCENDO trial had been
treated for an average of 13.8 months (planned duration was
at least 33 months). The interim hazard ratio for major
cardiovascular events was 0.97 (95% confidence interval,
0.84-1.12; P=0.68).°! Psychiatric disorders were reported by
32% of the subjects in the rimonabant group compared with
21% of the subjects in the placebo group. Four individuals
randomized to rimonabant committed suicide compared with
1 randomized to placebo.

Sibutramine and the Sibutramine
Cardiovascular Outcomes Trial

From 2002 to 2009, the Sibutramine Cardiovascular Out-
comes (SCOUT) trial was conducted in Europe, Australia,
and Latin America. SCOUT was a randomized, double-blind,
placebo-controlled study designed to test the hypothesis that
long-term treatment with sibutramine reduces the risk for
major cardiovascular events.®?> Approximately 10 000 over-
weight and obese subjects between 51 and 88 years of age
with or at risk for cardiovascular disease received lifestyle
modification plus once-daily placebo or lifestyle modification
plus 10 or 15 mg once-daily sibutramine. Three cardiovascular
risk subgroups were defined at baseline: (1) subjects with type 2
diabetes mellitus with no history of cardiovascular disease, (2)
those with a history of cardiovascular disease without type 2
diabetes mellitus, and (3) subjects with a history of cardiovas-
cular disease with type 2 diabetes mellitus.

After an average of 3.4 years of treatment, the mean
reduction in body weight was 3.8% in the sibutramine group
and 1.8% in the placebo group. Throughout the trial, mean
systolic and diastolic blood pressures and heart rate were
slightly and statistically significantly higher in the sibut-
ramine compared with the placebo group. The incidence of
major cardiovascular events, defined as cardiovascular death,
nonfatal myocardial infarction, nonfatal stroke, or resusci-
tated cardiac arrest, was 11.4% in the sibutramine group
compared with 10% in the placebo group (hazard ratio, 1.16;
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Table 2. Incidence of Major Adverse Cardiac Events in
Subgroups of Cardiovascular Risk From the SCOUT Trial

MACE
Subgroup  Sibutramine Placebo HR 95% Cl Interaction P*
DM only
N 1151 1141 0.56
n (%) 69 (6.0) 70 (6.1) 1.0 0.72-1.40
CVD only
N 722 745
n (%) 73(10.1) 61(8.2) 1.3 0.91-1.80
CVD+DM
N 3016 2998
n (%) 418 (13.9) 359 (12.00 1.2 1.0-1.40

SCOUT indicates Sibutramine Cardiovascular Outcomes trial; MACE, major
adverse cardiac events; HR, hazard ratio; Cl, confidence interval; DM, diabetes
mellitus; and CV, cardiovascular disease.

*Log-rank test interaction P value.

95% confidence interval, 1.03—1.31; P=0.02). This risk
corresponds to ~4 excess major cardiovascular events per
1000 patient-years. Interestingly, post hoc exploratory anal-
yses suggested that sibutramine-associated increases in blood
pressure did not predict increased risk for major cardiovas-
cular events.%3

Although the results of SCOUT indicated that sibutramine
increased rather than decreased the risk for cardiovascular
events, Abbott Laboratories, the sponsor of the drug, ques-
tioned the relevance of the data to the real-world setting. The
labeling for sibutramine recommended against use in individ-
uals with a history of cardiovascular disease because of its
sympathomimetic properties, whereas roughly 75% of sub-
jects enrolled in SCOUT had a history of coronary artery,
cerebrovascular, and/or peripheral artery disease. This enrich-
ment, however, was necessary to ensure a sufficient number
of clinical events to examine the effect of sibutramine on the
atherothrombotic process. Nonetheless, it was argued that
because ~60% of individuals prescribed sibutramine in the
United States were <50 years of age, many without a history
of cardiovascular disease, the results of SCOUT were less
than informative.** Support for this was to be found in the
cardiovascular risk subgroup analysis from SCOUT. The
hazard ratio for major cardiovascular events in the subgroup
of subjects without a history of cardiovascular disease was
1.0 (95% confidence interval, 0.72—1.40; Table 2). Yet, there
was no statistical evidence of treatment heterogeneity among
the 3 cardiovascular risk subgroups (log-rank interaction,
P=0.56). Furthermore, the results in the subgroup without
documented cardiovascular disease were consistent with as
much as a 40% increase in the relative risk for major
cardiovascular events. Additionally, prescription-use data
indicated that people >50 years of age, some with congestive
heart failure, ischemic heart disease, or cardiac arrhythmias,
were being prescribed sibutramine.%*

Absent convincing evidence that sibutramine offered non-
cardiovascular benefits to offset the cardiovascular risk ob-
served in the SCOUT trial, the FDA concluded that, at the
population level, the benefit-risk profile of the drug was

unfavorable.®>-%¢ Moreover, the FDA determined that risk-
mitigation strategies aimed at enhancing the benefit-risk
profile of sibutramine at the individual-patient level, by, for
example, ruling out subclinical cardiovascular disease before
sibutramine was started or using on-drug increases in blood
pressure as a predictor of cardiovascular risk, were imprac-
tical and not supported by clinical trial data, respectively.®®
On October 8, 2010, sibutramine was voluntary withdrawn
from the US market.”®

Given the experience with sibutramine, the Division plans
to hold an advisory committee meeting in 2012 to discuss
what role cardiovascular risk assessment should play in the
overall benefit-risk evaluation of obesity drugs, in particular
those with pressor effects.

New Obesity Drugs

In 2010, the Division held public advisory committee meet-
ings to discuss 3 new obesity drug applications: (1) a
fixed-dose combination of phentermine and topiramate, (2)
lorcaserin, and (3) a fixed-dose combination of naltrexone
and bupropion. At the time of this writing, these 3 applica-
tions remain under FDA review. Because a federal regulation
precludes the FDA from publicly discussing information
about unapproved applications except under certain situations
such as a public advisory committee meeting, interested
readers are referred to the proceedings from the 2010 advi-
sory committee meetings for details on the efficacy and safety
profiles of phentermine plus topiramate, lorcaserin, and
naltrexone plus bupropion.”!-74

Conclusions

As several academic bariatricians recently wrote, “many
factors have mitigated against active drug development,
including the poor safety and efficacy of previous[ly ap-
proved] antiobesity drugs.””> Nevertheless, despite this un-
fortunate history, obesity drug research remains very active.”®
Moreover, the adverse physical, emotional, and economic
effects of obesity ensure that the goals of developing and
approving obesity drugs with favorable benefit-risk profiles
will endure.

Disclosures
None.
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Obesity Pharmacotherapy from a Regulatory
Perspective: Overview and Key Challenges

NI Hutchinson' and SW Ryder'

Obesity is an epidemic with tremendous impact on both
patients and health-care systems globally. This paper
explores some of the questions related to the clinical
development of new pharmacotherapies in the context of an
evolving regulatory perspective. These include patient entry
criteria, clinical database size, study designs, weight loss end
points (including those for maintenance of weight loss and
prevention of weight regain), clinically important patient-
reported outcomes, comorbidity/risk factor end points, and
challenges in establishing safety and efficacy in adolescent/
pediatric patients, and approaches to the development of
combination pharmacotherapies. Ultimately, patients,
physicians, academia, industry, payers, and governments
must continue to partner with regulators to help establish
the appropriate balance between the known adverse
consequences associated with inadequate treatment of the
growing obesity epidemic and the concern for potential
unknown risks that may be associated with the long-term
use of new pharmacotherapies.

OBESITY EPIDEMIC

Significant medical need

Obesity has been recognized by the World Health Organiza-
tion as a chronic disease of significant health concern
globally.' In the United States, it is estimated that 127
million (MM) (64.5%) adults are overweight (body mass
index (BMI) >25kg/m?), 60 MM (30.5%) are obese (BMI
>30kg/m?), and nine MM (4.7%) are severely obese (BMI
>40kg/m?).>> The rapidly increasing incidence of over-
weight and obese children and adolescents is an even more
disturbing trend.*® Obesity is associated with numerous
serious comorbidities, and increased mortality,"'® and is
thought to be a key driver in the increased incidence of type
II diabetes, which is also reaching epidemic proportions.’
The critical need to stop, and ultimately to reverse, these
trends has motivated governments, health organizations,

health-care professionals, researchers, and patient groups
globally to seek improved approaches to both prevent and
treat obesity. However, because of the limitations of the
existing therapeutic options, including current pharma-
cotherapies (Table 1), there continues to be significant
unmet medical need, which in turn drives the search for new,
safe, and effective, approved pharmacotherapies.

EVOLUTION OF THE REGULATORY PERSPECTIVE

A detailed review of the history of the regulatory approval of
appetite suppressants in the United States was recently
published by Colman.'' It provides an overview of the key
drivers that influenced the evolution of the FDA perspectives
regarding the efficacy and safety of weight loss drugs and the
key challenges to balancing the risks and benefits in this
therapeutic area. As the understanding of the causes of
obesity, its associated risk factors, and long-term conse-
quences has grown, and experience with existing therapies
has increased, the regulatory perspective has evolved.
Although safety has always been a key regulatory concern,
the perspective on efficacy, and its definition, has also
evolved.

1996 FDA DRAFT GUIDANCE FOR THE CLINICAL EVALUATION
OF WEIGHT-CONTROL DRUGS

FDA’s Endocrine and Metabolic Drugs Advisory Committee
(EMDAC) was convened in 1995 to make recommendations
for a draft FDA guidance document on clinical evaluation of
weight-loss drugs.'” The guidance was published in 1996"
and incorporated many of the NIH recommendations for
management of obesity.'* The FDA guidance recommends
that the target patient population for obesity drug therapy be
those patients moderately to markedly obese with a BMI of
>30kg/ m? that are without obesity-related comorbidities, or
those patients with a BMI of >27kg/m” that have obesity-
related comorbidities. For the first time, the FDA offered a
definition of clinically relevant weight loss to set the standard
for drug efficacy. That definition was, and still is, a mean

'Pfizer Global Research and Development, New London, Connecticut, USA. Correspondence: N Hutchinson (Nancy.Hutchinson@pfizer.com)
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Table 1 FDA approved weight-loss drugs

Pharmacotherapy Year Treatment duration

Desoxyephedrine 1947 Short term

Phenmetrazine 1956 Short term

Phentermine 1959 Short term

Diethylproprion 1959 Short term

Phendimetrazine 1959 Short term

Benzphetamine 1960 Short term

Mazindol 1973 Short term

Fenfluramine 1973 Short term

Dexfenfluramine 1996 Long term

Sibutramine 1997 Long term. Indicated for weight loss and

maintenance of weight loss
Orlistat 1999 Long term. Indicated for weight loss and

weight maintenance, and reducing risk of

weight regain

Rimonabant® - -

Mechanism and status

Amphetamine
Amphetamine congener
Amphetamine congener

Currently most prescribed weight-loss therapy in US; withdrawn in EU
2000

Amphetamine congener
Amphetamine congener
Amphetamine congener
Amphetamine congener

Serotonin agonist, withdrawn 1997, associated with pulmonary
hypertension and valvulopathy

Serotonin agonist, withdrawn 1997, associated with pulmonary
hypertension and valvulopathy

Serotonin and noradrenaline reuptake inhibitor. Label contains warning
for substantial increases in blood pressure and pulse rate in some
patients and requirement for regular monitoring.

Pancreatic lipase inhibitor for blocking fat absorption. Label contains
clinical data demonstrating delay in onset of type Il diabetes in patients
with impaired glucose tolerance and data on use in obese adolescents.
Recently approved for OTC.

CB-1 antagonist:

OCT, over the counter. °FDA “approvable” letter February 2006. Approved in EU June 2006.

weight loss >5% in drug- versus placebo-treated patients or
a statistically significant increase in the proportion of patients
losing >5% body weight in the drug-treated versus placebo-
treated group at 1 year. Measurement of other effects was
encouraged, such as obesity-associated cardiovascular risk
factors (lipids, blood pressure, and glucose tolerance) to
permit an assessment of the overall benefit versus risk of
therapy with a drug. Additionally, with the transition of the
treatment approach from short- to long-term pharmacother-
apy, the guidance stipulated that long-term exposure data
would be required to establish safety: a minimum of 1 year of
placebo-controlled exposure in 1,500 patients treated with
drug, followed by a second year of drug exposure (potentially
open-label) in 200500 patients. The guidance also recom-
mended including into the clinical weight loss studies a run-in
phase with a weight loss program without drug for ~ 6 weeks,
or until weight loss has plateaued, and then to enroll only
those patients who remain above their weight goal after the
run-in phase to avoid treating patients unnecessarily with
drug. Other data that were noted as being relevant, but for
which the guidance provided no specific recommendations,
included maintenance of weight loss, changes in obesity-
related risk factors (e.g., the distribution of body fat) and
development of comorbidities (e.g., diabetes or osteoarthritis).

ON-GOING EFFORTS TO UPDATE FDA DRAFT GUIDANCE

Since the publication of the United States guidance in 1996,
knowledge and experience with anti-obesity therapy has
continued to grow along with the medical need. In 2003, the
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Commissioner of Food and Drugs established the FDA’s
Obesity Working Group. In their 2004 report,' the Obesity
Working Group recommended greater support for preven-
tion, including improvements in nutritional labeling and
education, and revising and reissuing FDAs 1996 draft
Guidance for the Clinical Evaluation of Weight-Control
Drugs. The FDA's EMDAC met in September 2004'® to
discuss proposed changes to the guidance. Topics discussed
included the potential role of drugs in treatment and
prevention of obesity, target populations at risk for obesity
and its sequelae, evidentiary standards for proof of mean-
ingful efficacy; and evidentiary standards for demonstration
of acceptable safety. The EMDAC continued to support the
existing recommendations for study size and duration and
recommended continued support for the 5% placebo-
corrected weight-loss criterion. Support was also provided
for retaining the definition for the target adult population for
drug therapy: BMI >30 or >27kg/m* with comorbidities.
The majority of the Committee did not support lowering the
BMI from 27 to 25kg/m? with or without comorbidities. It
was felt that patients with a lower BMI should not be
included without a much greater assurance of drug safety. An
updated United States draft guidance document has not yet
been issued.

DRUG DEVELOPMENT AND REGULATORY CHALLENGES -
SELECTED KEY ISSUES

There are a number of key development and regulatory
challenges that remain to be addressed to support and
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improve the investigation and establishment of efficacy and
safety of new obesity pharmacotherapies.'”

Patient entry criteria

As knowledge of the natural history of obesity and the impact
of weight loss or maintenance in various patient groups
continues to accrue, clinical trial entry criteria and the patient
population for which drug therapy may be appropriate
should be regularly re-evaluated. Furthermore, as the safety
and tolerability of long-term drug therapy becomes better
established, and the benefits of drug therapy better defined, a
reduction in the BMI criteria for treatment in defined subsets
of patients at significantly higher risk for comorbidities may
be considered, for example, younger to middle-aged patients
with a strong family history of type II diabetes.

Clinical database size

Enhancements in the planning and the acquisition and
analysis of clinical trial information are key priorities for
improved drug development. These enhancements include
improvements in study design, the issuance of risk manage-
ment plans for each development candidate and a commit-
ment to “continuous development” from preapproval,
through introduction and growing use in medical practice.
As these enhancements are implemented, the size of the
clinical database required to support progression of a
candidate to the next stage of development, approval, and
postapproval should be revisited.

Updated study designs
Study design review and improvement are critical to
enhancing the development of novel anti-obesity pharma-
cotherapies. For example, the need for a 4 to 8-week weight-
loss run-in period before administration of study medication
in a weight-loss clinical trial should be reevaluated based on
the knowledge that lifestyle modification alone is generally
ineffective in achieving and maintaining clinically relevant
weight loss, and also based on the demonstrated benefit of
combining lifestyle modification with pharmacotherapy.'® A
key intent of the weight-loss run-in period before initiation
of study drug was to identify those patients who are able to
achieve adequate weight loss by lifestyle modification alone
and who, therefore, do not require supplemental pharma-
cotherapy. However, given the limitations of lifestyle
modification alone, this rationale becomes less compelling,
particularly in weight-loss studies of longer duration (1-2
years). Of note, many, if not most, obese patients enrolling in
weight loss clinical trials have a history of unsuccessful efforts
at sustained weight loss using lifestyle modifications alone.
Importantly, the inclusion of a weight-loss run-in period
before the initiation of drug therapy alters relevant baseline
measurements, thereby obscuring a true understanding of
drug effect on changes in weight and obesity-related risk
factors.

Another topic to be addressed related to study design is
the appropriate level of background lifestyle intervention

738 Ex. 6, Page 129

administered to all clinical study participants in conjunction
with placebo or drug treatment. Although the NIH Clinical
Guidelines recommend that weight-loss drugs only be used as
part of a comprehensive weight-loss program, including
concomitant lifestyle modifications,'>*° the extent of lifestyle
intervention in clinical studies can vary widely. Clinical
studies designed to support registration and labeling of new
pharmacotherapies should lead the way to showing the most
effective use of current weight-loss therapies, with the caveat
that lifestyle interventions in the trial context should balance
both the need to be reasonably “translatable” to the real
world setting and the need to enhance retention of patients in
studies. Performing drug studies in patients in the absence of
a meaningful lifestyle-modification program would be
inconsistent with treatment guidelines and would exacerbate
the rate of patient dropout from such weight-loss studies.
The high proportion of study dropouts remains a key issue in
the conduct of anti-obesity trials and continues to be an issue
in planned statistical analyses. A review, discussion, and
guidance on the preferred statistical method to address
dropouts would also assist in establishing consistency across
drug development programs.

Weight-loss study end points

Maintaining weight loss is one of the most difficult aspects of
obesity management.'”* Therefore, the development of
therapies that can either enhance sustained weight loss or
help to prevent regain of weight lost via lifestyle modifica-
tion, would both help to motivate patients and address a key
unmet medical need. In this light, criteria that support
indications for “the maintenance of weight loss” and “the
prevention of weight regain” would be useful. For example,
what is the definition of “weight maintenance” and how does
this differ from a demonstration of a durable drug effect?
What difference from placebo, at what time point, would be
acceptable to support an indication for maintenance of
weight loss? For example, would maintaining a 5% mean
weight-loss difference versus placebo at 1 year be adequate, or
would a specific comparison relative to baseline, or to weight
nadir on treatment, also be required? With respect to the
prevention (or delay) of regain of previous weight loss, is
weight loss induced by a low calorie diet’’ the most
appropriate for assessing a drug effect on weight regain and
what level of initial weight loss should be used for inclusion
into a study examining a drug effect on weight regain? A
definition of weight maintenance (4 3% of body weight) has
been proposed.”* Would demonstration of statistically greater
proportion of drug-treated patients compared with placebo
with weight increases of 3% or less at a specified time point
(e.g., 3 or 6 months) after initial weight loss be acceptable or
would a measure of patients who retained a clinically relevant
weight loss (>5%) 6-12 months after initiation of drug
therapy following initial weight loss be required? The
definition of clinically important changes in patient report
outcomes also needs to be established for weight-loss
therapeutics.
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Co-morbidity/risk factor end points

Guidance is needed on what improvements in obesity-related
risk factors and comorbidities would represent a benefit for
the purpose of labeled claims. The current (1996) United
States guidelines state that information related to changes in
risk factors may be mentioned in the clinical-study section of
the label. However, the new FDA labeling guidance” may
reduce the information previously included in the clinical
study section. Will demonstration of improvements in risk
factors, improvements in comorbidities, or in specific clinical
outcomes (e.g,. prevention of diabetes, reduction in cardio-
vascular morbidity/mortality) continue to be included in the
clinical-study section of the label, or would data adequate to
support an indication be required to incorporate this
information into the label? If so, what are the specific
evidentiary standards to be met? Would there be a
requirement to demonstrate that the changes in risk factors
or outcomes observed were beyond those anticipated from
weight loss alone and how could that be demonstrated?

Adolescent/pediatric therapy

Guidance on how and when to evaluate efficacy and safety in
adolescents and children is needed. Key questions include the
extent of safety database in adults required before initiation
of studies in adolescents or children (in addition to
preclinical requirements), the entry criteria for adolescents
and children into weight loss clinical studies, differences in
study design/end points in a growing patient population
compared with adults, and requirements and definitions for
demonstrating long-term effects.

Combined therapy

Owing to the complex mechanisms that regulate body
weight, it is unlikely that a single pharmacologic agent that
alters one aspect of biological control will adequately address
the unmet medical need associated with obesity.”**> How-
ever, treatment with a combination of pharmacotherapies
targeting different mechanisms has the potential to achieve
significantly greater weight loss than use of any single agent,
as exemplified by fenfluramine-phentermine.”® Unfortu-
nately, in the case of fenfluramine-phentermine, one
component of the combination (fenfluramine) was asso-
clated with unexpected serious adverse events.”” ™’ As
combination pharmacotherapies have the potential to
provide additive (or synergistic) effects, both beneficial and
adverse, it is important to outline that specific studies would
be appropriate to support the safe and effective combined use
of two weight-loss pharmacotherapies. For example, what
should be the clinical basis for selecting the pharmacothera-
pies for combined use and for the development of fixed dose
combinations? Additional points for consideration include
the appropriate preclinical safety assessments, clinical safety
parameters, and the required duration and size of studies
based on the knowledge of each of the drug components. The
use of combined weight-loss drugs may be critical to
attaining adequate weight-loss efficacy to impact significantly
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the obesity epidemic, just as combined therapies are the
mainstay of optimizing therapy for other cardiovascular risk
factors, such as hypertension.

EU regulatory guidance

Soon after publication of the 1996 FDA weight-loss guidance,
the EU weight-loss guidance was released for comment
(1997) and implemented (1998).>° An updated EU guidance
on the development of drugs for the treatment of obesity was
published in June 2006,%! which touches on a number of the
key issues mentioned above. One key aspect of the updated
EU guidance that has not changed from the original is the
primary efficacy end points required, at least a 10% reduction
from baseline in body weight (not placebo-adjusted) that is
also statistically greater than that associated with placebo and
with a greater proportion of responders (> 10% weight loss)
after 1 year treatment. Another key aspect that has not
changed is the continued recommendation for a weight-loss
run-in before initiating study drug. With regard to safety, the
EU guidance did not make a specific recommendation on the
size and duration of patient exposure beyond the long-term
studies required to demonstrate efficacy, but did recommend
that special efforts be made to assess potential adverse effects
associated with the specific drug class being evaluated.

SUMMARY

Addressing the growing obesity epidemic and developing new
pharmacotherapies to support safe and effective treatment is
an important unmet medical need. Obesity is a serious
medical condition that significantly increases the risk for
comorbidities, such as cardiovascular disease and type II
diabetes. Additional treatment options, including new
pharmacotherapies, have become increasingly important. As
the clinical and regulatory perspectives on anti-obesity
development continue to evolve, it will be important to
balance the known long-term risks associated with inade-
quate treatment of the growing obesity epidemic, with the
concern for potential unknown risks associated with the
long-term use of new pharmacotherapies. Patients, physi-
cians, academia, industry, payers, and governments must
continue to partner with regulators to help establish the
appropriate balance between the benefit and risk associated
with the long-term use of new pharmacotherapies in specific
patient populations.
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Long-term Pharmacotherapy
in the Management of Obesity

National Task Force on the Prevention and Treatment of Obesity

Objectives.—To examine the rationale for long-term use of medications in the
management of obesity, to provide an overview of published scientific information
on their safety and efficacy, and to provide guidance to patients and practitioners
regarding risks and benefits of treatment.

Data Sources.—Original reports and reviews obtained through electronic data-
base searches on anorexiant drugs supplemented by a manual search of bibliog-
raphies.

Study Selection.—English-language articles that discussed the role of medica-
tions in the treatment of human obesity, and studies that evaluated their safety and
efficacy for a minimum of 24 weeks.

Data Extraction.—Studies were reviewed by experts in the fieids of nutrition,
obesity, and eating disorders to evaluate study design and the validity of authors’
conclusions.

Data Synthesis.—The long-term use of medications in the management of
obesity is consistent with the current consensus that obesity responds poorly to
short-term interventions. Net weight loss attributable to medication is modest,
ranging from 2 to 10 kg, but patients taking active drug are more likely to lose 10%
or more of initial body weight. Weight loss tends to reach a plateau by 6 months.
Weight remains below baseline throughout treatment, although some studies show
partial weight regain despite continued drug therapy. Most adverse effects are miid
and self-limited, but rare serious outcomes have been reported.

Conclusions.—Pharmacotherapy for obesity, when combined with appropriate
behavioral approaches to change diet and physical activity, helps some obese pa-
tients lose weight and maintain weight loss for at least 1 year. There is little justi-
fication for the short-term use of anorexiant medications, but few studies have
evaluated their safety and efficacy for more than 1 year. Until more data are avail-
able, pharmacotherapy cannot be recommended for routine use in obese individu-

als, although it may be helpful in carefully selected patients.
JAMA. 1996;276:1907-1915

THE PREVALENCE of obesity in the
United States has increased substan-
tially during the past decade. One of 3
US adults is now considered over-
weight.! Obesity contributes to many
adverse health outcomes, including non—
insulin-dependent diabetes mellitus and
cardiovascular disease,? as well as to an
increase in both cardiovascular and all-
cause mortality.® Obesity-related con-
ditions are estimated to contribute to
300000 deaths yearly, ranking second
only to smoking as a cause of prevent-
able death.* The annual economic costs
of obesity in the United States from

A complete list of members of the National Task Force
on the Prevention and Treatment of Obesity and their fi-
nancial disclosures appear at the end of this article.

Reprints: Susan Zelitch Yanavski, MD, Weight-
Control Information Network, 1 WIN WAY, Bethesda,
MD 20892-3665.

JAMA, December 18,_1996—Yol 276, No. 23
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excess medical expenses and loss of in-
come are reported to exceed $68 billion,’
a figure that does not include the more
than $30 billion spent yearly on diet
foods, products, and programs.®

The long-term outcome of nonsurgical
obesity treatment is frequently unsatis-
factory.” Although recent advances in the
understanding of molecular mechanisms
underlying obesity provide great hope
for the development of treatments tar-
geted to specific metabolic defects, such
treatments are probably years away.

Many physicians and patients are con-
fused about the appropriate role of medi-
cations in the management of obesity.
The majority of weight-loss medications
prescribed in the 1950s and 1960s were
amphetamines. The use of these medi-
cations was widespread and often indis-
criminate.? As behavioral treatments and

dietary manipulations to achieve weight
loss improved, medieations were thought
to provide little additional benefit to be-
havioral treatment.® During the ensu-
ing 20 years, medication usage for the
treatment of obesity decreased dramati-
cally. Indeed, no new medication was
approved by the Food and Drug Ad-
ministration (FDA) for the treatment of
obesity between 1973 and 1996.1° The
reports by Weintraub et al''® showing
sustained weight loss with the use of a
combination of fenfluramine hydrochlo-
ride and phentermine resin have fueled
the extraordinary interest of patients,
professionals, and the media. The num-
ber of prescriptions written for fenflur-
amine has increased from about 60 000
in 1992 to a projected 1.1 million in 19952
an almost 20-fold increase. The explo-
sion of interest has led to such devel-
opments as the establishment of clinies
devoted to the prescription of weight-
loss medications (Fortune. December 11,
1995:164-173).

The purpose of this article is to ex-
amine the rationale for long-term use of
medications in the treatment of obesity,
to review the data currently available
on the safety and efficacy of long-term
pharmacotherapy for the management
of obesity, and to provide guidance to
patients and practitioners regarding
risks and benefits of such therapy, on
the basis of current scientific knowledge.

RATIONALE FOR LONG-TERM USE
OF MEDICATIONS IN MANAGEMENT
OF OBESITY

Comprehensive treatment programs
that incorporate behavioral modalities
to improve diet and increase physical
activity induce weight loss sufficient to
produce significant health benefits in
many obese individuals.? Unfortunately,
improvements in risk factors are not
maintained if weight is regained,? and
the vast majority of those who attempt
weight loss eventually regain their lost
weight.” Therefore, the major challenge
facing obese patients and health care
providers is to improve the ability to
sustain, rather than to achieve, weight
loss.

Pharmacotherapy for Obesity—National Task Force on Obesity 1907
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The realization that obesity is a chronic
disease of multifactorial origin that re-
sponds poorly to currently available non-
surgical treatments has promoted a re-
newed interest in the use of medications.
Recognition of the need for long-term
(perhaps lifelong) treatment has led
many to embrace the concept of long-
term medical therapy, asis used in other
chronic diseases.?2?

REGULATIONS GOVERNING
PRESCRIPTION OF
ANOREXIANT DRUGS

All currently available anorexiant
agents, with the exception of dexfen-
fluramine, are approved by the FDA
only for the short-term treatment of obes-
ity. The FDA regulates the advertising
and promotion of prescription drugs to
ensure that such activities are not false
or misleading, are fairly balanced, and
are directed to approved uses.® How-
ever, these regulations do not restrict
the physician’s ability to preseribe those
drugs in differing amounts, for differing
durations, or for conditions other than
those for which FDA approval has been
granted. Such off-label use of prescrip-
tion medications is common (Wall Street
Journal. August 31, 1995:B1).

Although the decision to place drugs
on prescription is within the jurisdiction
of the FDA, classification of a drug as a
controlled substance places further re-
strictions on its prescription. The Con-
trolled Substances Act places all regu-
lated substances into 1 of 5 schedules (I
to V) on the basis of their medical use,
potential for abuse or dependence, and
safety.?® All currently approved preserip-
tion anorexiant agents are controlled
substances on schedules II to IV.

Individual state medical boards have
the authority to restrict physicians’ pre-
scription of controlled substances to a
greater extent than that required by
the Controlled Substances Act, and regu-
lations for the use of anorexiant agents
vary widely from state to state. In a
survey of state pharmacy boards, con-
ducted by the Weight-Control Informa-
tion Network, Bethesda, Md, in August
1995 (Joanne Gallivan, MS, RD, written
communication, August 3, 1995), restric-
tions on the prescription of anorexiant
agents exceeding the federal regulatory
standards were not imposed by 40 states,
while 10 others had restrictions ranging
from outright ban (Tennessee) to re-
strictions on the length of treatment
(Utah) to requirements for documenta-
tion of continuing weight loss (Ohio).
These regulations are changing rapidly,
as state regulatory agencies respond to
the extraordinary interest in long-term
use of these drugs.”

1908 JAMA, Deéiﬁw%?rﬁ%d?%gol 276, No. 23

MECHANISMS OF ACTION AND
CLASSIFICATION OF DRUGS
USED TO TREAT OBESITY

Three basic mechanisms underlie the
effects of drugs on weight loss or pre-
vention of weight gain.

Reduction of Energy Intake

Food intake may be reduced by de-
creasing appetite or by increasing sati-
ety. Drugs that affect appetite are
commonly known as “anorectic” or “an-
orexiant” medications. The mechanism
of action of so-called anorexiant agents
may not be limited to decreased appe-
tite. Some of these medications may also
have acute effects on thermogen-
esis.®? Some investigators also believe
that anorexiant medications may alter
the body weight “set point” (the level
at which body weight is defended),® al-
though it is difficult to test underlying
mechanisms for this hypothesis.

Anorexiant agents affect neurotrans-
mitter activity and are of 2 main classes:
those that affect the catecholaminergic
system (the amphetamines, benzphet-
amine, phendimetrazine, phentermine,
mazindol, diethylpropion, and phenyl-
propanolamine) and those that affect the
serotonergic system (fenfluramine, dex-
fenfluramine, fluoxetine, sertraline, and
other antidepressant selective serotonin
reuptake inhibitors [SSRIs]). Amphet-
amines and closely related compounds are
not recommended for the treatment of
obesity by most experts because of their
high potential for abuse.? Of the nonam-
phetamine centrally acting anorexiant
medications, only phendimetrazine, phen-
termine, mazindol, diethylpropion, phen-
ylpropanolamine, fenfluramine, and dex-
fenfluramine are currently approved in
the United States for weight control.
Phenylpropanolamine and benzocaine
(a local anesthetic) are the only drugs
currently allowed to be marketed as
over-the-counter weight-control products
{Michael Weintraub, MD, FDA, oral com-
munication, 1996). Dexfenfluramine is the
dextro isomer of fenfluramine. It is the
active form of the racemic mixture and
has a greater potency than fenfluramine.
In April 1996, the FDA approved dexfen-
fluramine for use up to 1 year in the treat-
ment of obesity (according to manufac-
turer’s prescribing information for Redux
[Wyeth Laboratories, Philadelphia, Pa]).
Fluoxetine, sertraline, and other antide-
pressant SSRIs, while available by pre-
scription, are not approved for the treat-
ment of obesity. A listing of centrally
active medications currently approved for
the treatment of obesity in the United
States is shown in the Table. A mixed
serotonergic and catecholaminergic re-
uptake inhibitor, sibutramine, is currently
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undergoing clinical trials in the United
States.*

Reduction of Absorption of Nutrients

Drugs that block the action of diges-
tive enzymes or that block absorption of
nutrients (such as fat) from the gastro-
intestinal tract may reduce total energy
available to the body. Orlistat, an inhibi-
tor of gastric and pancreatic lipase,*is an
example of this type of drug. Medications
inthis class are experimental in the United
States. Clinical trials evaluating their
safety and efficacy are ongoing.

Increase in Energy Expenditure

Energy expenditure may be increased
by increasing physical activity or meta-
bolic rate, for example, through changes
in sympathetic nervous system tone or
uncoupling of oxidative phosphorylation.
Drugsthat affect thermogenesis-metabo-
lism include ephedrine (including its com-
bination with caffeine and/or aspirin)®*
and experimental agents, such as BRL
26830A, a B-adrenoceptor agonist.® None
of these medications is currently approved
by the FDA for weight control.

LONG-TERM STUDIES OF DRUG
TREATMENT FOR OBESITY

Relatively few human trials of phar-
macotherapy for the treatment of obes-
ity for periods of 6 months or more have
been conducted. Many earlier studies
were not placebo controlled, random-
ized, or blinded. Few involved more than
100 patients, and they often lacked suf-
ficient detail about patient selection, trial
performance, or data analysis. In par-
ticular, the way in which the data from
dropouts were analyzed is often not well
described, making interpretation of re-
sults difficult.®® Although there have
been several well-controlled studies of
single-drug treatment for periods up to
1 year,®® only 1 long-term controlied
study documenting the safety and effi-
cacy of the fenfluramine-phentermine
combination has been published." In ad-
dition, the total number of subjects in
published studies who had been taking
any anorexiant drug for more than 2
years is fewer than 200.%14

Behavioral treatment of obesity with-
out added medications results in an av-
erage weight loss of 8.5 kg after 21 weeks
of treatment, with an average weight
loss of 5.6 kg at a mean of 53 weeks of
follow-up.*! Therefore, studies of the ef-
ficacy of drug treatment must be judged
against the efficacy of nondrug treatments
currently available. Open-label studies
without appropriate control groups pro-
vide little information on how much ad-
ditional weight loss is attributable to the
drug. Only studies in which medication
was compared with placebo or concur-
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Currently Approved Drugs for the Treatment of Obesity in the United States*
_______________________________________________________________________________________________________________________________]
Drug Enforcement

Generic Name Trade Name(s) Dosage Administration Schedule
Amphetamine/dexamphetaminet Biphetamine 12.5-20 mg/d 1
Methamphetamine hydrochloridet Desoxyn 10-15 mg/d 1l
Benzphetamine hydrochloride Didrex 25-50 mg 1-3 times daily LI}
Phendimetrazine tartrate Bontril, Plegine, Prelu-2, X-Trozine 105 mg/d ULl

Phentermine v
Hydrochloride Adipex-P, Fastin, Oby-trim 18.75-37.5 mg/d
Resin lonamin 15-30 mg/d
Diethylpropion hydrochloride v
Immediate release Tenuate 25 mg 3 times daily
Controlled release Tenuate Dospan 75 mg/d
Mazindol Sanorex, Mazanor 1-3 mg 1-3 times daily v
Dexfenfluramine hydrochloride Redux 15 mg 2 times daily Vi
Fenfluramine hydrochloride Pondimin 20-40 mg 1-3 times daily IVt
Phenylpropanolamine hydrochloride Dexatrim, Acutrim 75 mg/d Over the counter

. ________________________________________________________________________________________________________________|]
*Data from Physicians’ Desk Reference and Physicians’ Desk Reference for Nonprescription Drugs (Montvale, NJ: Medical Economics Co; 1996 and 1995, respectively).

Only dexfenfluramine is currently approved for more than short-term (“a few weeks”) use for the treatment of obesity.

TAmphetamines are not recommended by most experts for the treatment of obesity, because of their high potential for abuse or dependence.
$The Food and Drug Administration Drug Abuse and Endocrinologic and Metabolic Drugs Advisory Panels recommended removing fenfluramine and its isomers (including
dexfenfluramine) from the controlled dangerous substances list in 1995, but as of this writing this drug is still on schedute V.

rent nondrug control with both groups
undergoing comparable adjunctive treat-
ment (ie, behavioral therapy, diet, and
physical activity) for a minimum of 24
weeks were reviewed. Original reports
were obtained through a MEDLINE
search of articles from 1966 through 1996
for the terms anorectics, pharmacologi-
cal therapy, clinical trials, obesity, fen-
fluramine, dexfenfluramine, phenter-
mine, mazindol, diethylpropion, and
serotonin reuptake inhibitors, supple-
mented by a manual search of bibliogra-
phies. Studies published only in abstract
form or in languages other than English
are not included. In the instances in which
sites participating in a multisite study
published their data separately, only the
overall results of the multisite study are
reported, to avoid duplicate reporting of
patient data. Twenty studies reviewed
met these criteria.*

SINGLE-DRUG TREATMENT

Medications Currently Approved
for Treatment of Obesity
in the United States

Two small placebo-controlled trials of
diethylpropion lasting longer than 24
weeks have been conducted.?* Both were
limited by high attrition rates, with fewer
than 10 subjects completing the study in
each group. In 1 of these studies, treat-
ment was intermittent, rather than con-
tinuous, limiting interpretation of the
results.”? The only long-term studies in-
vestigating the efficacy of mazindol have
been open label and uncontrolled.*# A
double-blind, placebo-controlled trial of
continuous or intermittent therapy with

*References 11-19, 37-39, 42, 43, 46, 48-53, 57-62,
64-66. A table summarizing these studies is available
on the World Wide Web at http:/fwww.niddk.nih.gov/
NutritionDocs.htmi/LtStudy/table.htm.
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phentermine found that both intermit-
tent and continuous phentermine were
equally effective, leading to increased
weight loss compared with placebo.®® An-
other study*” that alternated fenfluramine
and phentermine, given continuously or
intermittently, found no significant ad-
vantage to alternating the 2 drugs com-
pared with using either alone. In addi-
tion, intermittent use of fenfluramine was
less effective than continuous dosing and
was more likely to produce adverse ef-
fects. That study lacked a placebo or diet
control group.

Of the 5 long-term studies that used
fenfluramine alone, 2 were open label,
with diet-only control groups.*®* One of
these found greater weight loss with ac-
tive drug (significance not reported),”®
while the other found no significant dif-
ference compared with placebo.* Anopen-
label study with concurrent behavioral
treatment and wait-list controls®>! found
that fenfluramine, with or without be-
havioral therapy, increased weight loss
relative to the groups receiving behav-
ioral therapy alone. During a 1-year fol-
low-up, however, patients who had re-
ceived fenfluramine treatment, with or
without behavior therapy, regained sig-
nificantly more weight than those who
had received behavioral treatment alone.
Only 10 of 42 enrolled patients completed
a l-year, double-blind, placebo-controlled
trial of fenfluramine that required suc-
cessful maintenance of weight loss for
continuation.® In the only published pla-
cebo-controlled, long-term study of fen-
fluramine in obese children and adoles-
cents, body mass index (BMI, weight in
kilograms divided by the square of height
in meters) and percentage overweight
decreased significantly in the treatment
group compared with the control group
among study completers.® It is unclear
how the children were selected for par-

ticipation in this study and whether it
was randomized or double-blind.

Dexfenfluramine, the dextrorotatory
isomer of fenfluramine, both stimulates
the release and inhibits reuptake of cen-
tral serotonin, increasing brain serotonin
levels.® Dexfenfluramine reduces daily
energy intake by about 10% to 15%.%

The largest controlled trial to date of
long-term (=24 weeks) pharmacotherapy
for obesity was that of Guy-Grand et al,¥"
known as the INDEX Study. In that mul-
tinational study, 822 obese patients were
treated for 12 months with either dexfen-
fluramine or placebo. Of those who con-
tinued in the study for 12 months, the
dexfenfluramine group showed a modest,
although statistically significantly larger
(9.8 vs 7.2 kg), weight loss than the pla-
cebo group. Twice as many patients
treated with active drug achieved a loss
of more than 10% of total body weight
compared with those who received pla-
cebo. The weight loss in this 1-year study
was primarily seen in the first 6 months.
Within 2 months of treatment discontinu-
ation, both body weight and energy in-
take increased to a greater extent in the
medication group than in the placebo
group, and the significant difference in
weight loss between groups disappeared.®
Similar results have been reported in
other, smaller studies. " Dexfenfluramine
also appears to promote weight mainte-
nance for 6 months after treatment with
a very low-energy diet.55!

Medications Not Currently Approved
for the Treatment of Obesity
in the United States

Sibutramine.—Sibutramine, an inves-
tigational new pharmacological agent,
acts as areuptake inhibitor for both nor-
epinephrine and serotonin.®' Results
from 1 site of a multisite, 24-week,
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double-blind study have been reported.®
This study compared placebo and 6 dos-
ages of sibutramine in conjunction with
modest restriction of energy intake and
anactivity and lifestyle change program.
Weight loss after 24 weeks was greater
for active drug than for placebo for all
treated groups except those at the low-
est 2dosages, and those who took active
drug were more likely to lose more than
10% of initial body weight.

Antidepressant SSRIs.—Antidepres-
sant SSRIs inhibit reuptake of seroto-
nin in the central nervous system. They
are currently approved for the treat-
ment of depression (fluoxetine, sertra-
line, paroxetine) and obsessive-compul-
sive disorder (fluoxetine). Unlike the
tricyclic antidepressants, which fre-
quently promote weight gain, fluoxetine
and other SSRIs have been shown to
promote weight loss in some patients.
Therefore, fluoxetine and sertraline have
been evaluated for their potential as
weight loss drugs.

Fluoxetine.—Fluoxetine appears to
show dose-related efficacy for weight loss,
with 60 mg daily showing greater effi-
cacy for weight loss than lower dosages.®
Several trials that used fluoxetine as a
weight-loss drug for 24 weeks or more
have been reported. In a 6-month study
of fluoxetine in 30 obese elderly patients
with non-insulin-dependent diabetes,%
greater weight losses were seen in the
active treatment group only during the
first 2 months of treatment, with a pla-
teau in weight loss during the remaining
4 months of treatment. A 1-year multi-
center trial of fluoxetine vs placebo in
458 obese outpatients® found that the
group that received active drug attained
a small but statistically significant dif-
ference in weight loss compared with the
placebo group at 20 weeks. After 20
weeks, however, slow regain continued
despite the use of active drug, and by 1
year of treatment, average weight loss
between groups did not differ. This same
pattern of weight loss for 4 to 6 months
followed by regain has been reported in
other studies.®%

Sertraline—One 54-week, double-
blind, placebo-controlled study of wom-
en who had completed a 26-week very-
low-energy diet program found that at 6
weeks those taking sertraline showed a
small weight loss, compared with a small
gain in the placebo group.® However,
sertraline-treated patients began to gain
weight after this time, and by week 26,
there was no difference in weight be-
tween the medication and placebo groups.

COMBINED DRUG TREATMENT
FOR OBESITY

The rationale for the use of combina-
tion therapy to treat obesity is that drugs
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with different mechanisms of action
might be used in smaller amounts, pro-
viding efficacy equivalent to or greater
than that of the full dose of a single
drug, with fewer adverse effects.!* Al-
though hundreds of studies have used
single-drug treatment for obesity, few
trials have used combination therapy.
The only combination regimen that has
been studied for 24 weeks or more with
medications approved for the treatment
of obesity in the United States is fen-
fluramine-phentermine.®’

In 1984, Weintraub et al® demon-
strated that combining low doses of
phentermine with fenfluramine resulted
in weight loss similar to that acheived
with single-drug treatment with either
drug. Patients taking combination
therapy reported fewer adverse cardio-
vascular and central nervous system ef-
fects than were seen with phentermine
alone. In 1992, Weintraub and col-
leagues' " published results of a mul-
tiyear trial of obese patients with the
use of this drug combination. Because of
the complexity of the design and the
frequent citation of this study as a jus-
tification for the routine use of these
drugs in the treatment of obesity, the
design and results are presented here in
some detail.

After a 6-week run-in period of in-
tensive behavior modification and indi-
vidualized dietary and exercise instruc-
tion, 121 patients were randomly assigned
to receive behavioral treatment along
with either a combination of 60 mg of
fenfluramine hydrochloride and 15 mg
of phentermine resin or placebo. All ad-
junctive modalities (behavioral treat-
ment, exercise, and dietary instruction)
were continued throughout the entire
study period. During the first double-
blind portion of the trial, which lasted
for 28 weeks, those taking combination
therapy lost significantly more weight
than those taking placebo (14.3 vs 4.6
kg). Weight loss reached a plateau af-
ter approximately 18 weeks of active
treatment (24 weeks after the study be-
gan) but was maintained throughout the
remaining 10 weeks of the double-blind
trial. After the initial 34-week period,
all patients who remained in the trial (in-
cluding those initially taking placebo)
were treated either continuously or in-
termittently from weeks 34 to 104 with
the fenfluramine-phentermine combina-
tion. In 7 patients who failed to re-
spond to the active treatment with weight
loss, a higher dose was given (“augmen-
tation”), but no additional benefit was
noted by increasing the dose in these non-
responders. During weeks 104 to 156,
the investigators attempted to opti-
mize clinical response by means of an
algorithm that aimed to achieve 120%
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of ideal body weight while minimizing
adverse effects. At week 156, the 40%
of the original cohort (n=51) who were
still participating were studied in a sec-
ond double-blind phase with the active
drugs (n=27) vs placebo (n=24) until
week 190. At this point, all subjects
stopped taking mediecation and were fol-
lowed up for an additional 20 weeks.

It should be noted that only 27 pa-
tients were taking active drug at the
end of the 3%-year drug-study period,
and 48 patients remained in the study
through the 20-week follow-up period.
In addition, a gradual regain was seen
(approximately 3 kg between weeks 60
and 104 in the continuous therapy group
and an additional 4 kg between weeks
165 and 190 in those who received drug
during the second double-blind study).
Weight regain was significantly less in
the medication group than in the pla-
cebo group during the second double-
blind phase. By week 190, the 27 pa-
tients still receiving active treatment
had lost about 7 kg from baseline vs
about 2 kg among those in the placebo
group. When patients were followed up
after discontinuation of anorexiant medi-
cations, weight was regained, with an
average regain of 2.7 kg over 20 weeks.

In summary, this double-blind, pla-
cebo-controlled study showed that long-
term combination pharmacotherapy for
the treatment of obesity is feasible. The
medications improved weight loss, rela-
tive to placebo, and some effects were
sustained for more than 3% years in the
27 patients who received active treat-
ment through week 190. Weight tended
to reach a plateau by 6 months, and
some regain was seen between years 2
and 3, despite continued treatment.
When medication was discontinued,
weight returned toward baseline. Some
patients did not respond to the com-
bined treatment, and for most of these
patients an increase in dosage did not
appear to improve efficacy.

SUMMARY OF EFFICACY
OF PHARMACOTHERAPY
FOR WEIGHT LOSS

Studies of both single-drug and com-
bination therapy carried out over 6
months or more showed modest efficacy,
compared with placebo, in the reduction
of body weight. Net weight loss attrib-
utable to drug generally ranged from 2
to 10 kg. Response to treatment was
variable, and those who took active drug
were more likely than those who took
placebo to achieve a clinically signifi-
cant weight loss (=10% of initial body
weight). Most of the weight loss occurred
during the first 6 months of treatment.
Weight then tended to be maintained or
to increase slightly for the duration of
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treatment. Because of the small number
of patients who were treated for periods
longer than 12 months, it is unknown
whether weight would continue to in-
crease despite active therapy for longer
periods. Exceptions to the sustained ef-
fects of anorexiant medications were
fluoxetine and sertraline, with which,
on average, significant regain of weight
occurred after the first 6 months of treat-
ment despite continued drug treatment.
Therefore, on the basis of currently avail-
able data, antidepressant SSRIs do not
appear to be efficacious for long-term
treatment of obesity and are not rec-
ommended for this indication alone.

Weight was regained when any weight
loss medications were discontinued. Sev-
eral months after discontinuation of
medication, there was generally no dif-
ference in weight between the groups
that previously received active drug and
those that received placebo.

Currently, no single drug emerges as
having superior efficacy in either pro-
moting or sustaining weight loss. The 1
long-term, placebo-controlled study of
the fenfluramine-phentermine combina-
tion suggests that combination therapy
may allow greater weight losses than
single-drug treatment, but no direct
comparison was made. Larger studies
are needed to determine whether long-
term treatment with combination therapy
is safer or more efficacious than single-
drug therapy.

POTENTIAL BENEFITS OF
LONG-TERM PHARMACOTHERAPY
FOR MANAGEMENT OF OBESITY

Over the short term, weight loss in
obese individuals results in reduction in a
number of risk factors for disease. Al-
though numerous studies have shown that
weight loss improves cardiovascular risk
factors and insulin sensitivity,*” few stud-
ies have examined the long-term benefits
of voluntary weight loss on morbidity and
mortality. In large part, absence of such
data reflects the likelihood of relapse
among obese individuals who lose weight.
Data from obese individuals who have
achieved long-term weight loss through
gastric surgery show improvement in car-
diovascular risk,™ insulin sensitivity,™ and
quality of life,” although reduction in mor-
tality has yet to be demonstrated. One
observational study has shown a decrease
in mortality after intentional weight loss
innever-smoking overweight women who
had preexisting obesity-related health con-
ditions,™ and a dietary intervention study
has shown a decrease in cardiovascular
morbidity and mortality among patients
who had myocardial infarctions and who
lost weight with a high-fiber, low-fat diet.™

Some physicians may consider the
modest weight losses attainable with an-
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orexiant treatment to be insufficient ra-
tionale for their use. However, a 5% to
15% reduction in body weight, which
should be achievable in many patients
by means of pharmacotherapy in con-
junction with behavioral treatment, can
lead to significant improvements in obes-
ity-related comorbidities.™"® Many,>"*7
but not all,?>*® studies of pharmaco-
therapy for treatment of obesity show
the expected reductions in such risk
factors as dyslipidemias, insulin re-
sistance, and blood pressure with
weight loss. Whether medication has any
independent effects on risk factors for
obesity-related disease remains un-
known.™#* Although reduction in health
risks, improvement in quality of life, and
amelioration of obesity-related dis-
eases are important potential benefits
of long-term pharmacotherapy for the
management of obesity, studies are
needed to demonstrate reductions in
morbidity and mortality with drug
treatment.

POTENTIAL ADVERSE EFFECTS OF
LONG-TERM PHARMACOTHERAPY
FOR TREATMENT OF OBESITY

There are several areas of concern
when long-term obesity treatment with
pharmacological agents is considered.

Potential for Abuse or Dependence

Although amphetamines frequently
result in abuse or dependence, abuse is
less frequent with schedule IIT medica-
tions and uncommon with schedule IV
medications such as phentermine, mazin-
dol, and fenfluramine.**** Abuse of fen-
fluramine and its isomers appears to be
rare, although a few case reports and
case series have been published.®® An-
orexiant medications should be used with
caution in patients with a history of sub-
stance abuse.

Development of Tolerance

Tolerance to weight-reducing effects
of some anorexiant agents has been de-
scribed.® It is often assumed that tol-
erance has developed if weight loss
ceases before weight has normalized.
Most studies of anorexiant drugs show
a plateau in weight loss after 4 to 6
months of treatment. This plateau prob-
ably represents the limits of efficacy of
currently available agents (weight loss
of 5-10 kg) rather than tolerance.*” Simi-
larly, weight regain after drugs are dis-
continued is not evidence that these
drugs are ineffective; rather, it indicates
efficacy. Drugs cannot be expected to
exert their effects if they are no longer
taken. There is some indication that re-
gain may occur despite long-term drug
treatment in some patients®; whether
weight regain while taking medication

represents tolerance remains to be de-
termined.

Avoidance of Responsibility

There is concern that patients may not
take responsibility for their condition or
will rely on medication as a “magic bul-
let.” The unjustified perception that obes-
ity is a volitional state rather than a dis-
ease contributes to the reluctance of
health professionals, patients, and regu-
lators to accept the use oflong-term phar-
macotherapy forits treatment. Long-term
drug treatment for control of chronic
health-threatening conditions, such as ab-
normalities in blood glucose, blood pres-
sure, and lipids, is well established, even
though many of these conditions also re-
spond to changes in lifestyle, such as diet
and exercise. This realization should not
prevent aggressive medical treatment of
risk factors to prevent morbidity and mor-
tality. Obesity, on the other hand, is fre-
quently viewed as a consequence of weak-
ness, lack of willpower, or a lifestyle
“choice”—the choice to overeat and un-
derexercise. It should be stressed that
the use of medication in obesity treat-
ment does not change the necessity of
making changes in diet and exercise;
rather, it may enable patients to sustain
long-term changes despite considerable
environmental and biologic pressures for
weight regain®

Adverse Effects

The potential for adverse effects of
anorexiant medications is of more con-
cern because they are used in a condi-
tion that affects millions of people, many
of whom are basically healthy.

Minor Adverse Effects.—Adverse ef-
fects of serotonergic drugs, including
fenfluramine and dexfenfluramine, in-
clude diarrhea, polyuria, dry mouth,
sleep disturbance, and somnolence.*#
Fluoxetine and other SSRIs have anum-
ber of adverse effects, including asthe-
nia, insomnia, nausea, diarrhea, sweat-
ing, nervousness, tremor, dyspepsia, and
sexual dysfunction.® Catecholaminergic
agents such as phentermine may cause
symptoms of central nervous system
stimulation, including insomnia, nervous-
ness, and euphoria. Increased blood pres-
sure and tachycardia may also occur.®
Adverse effects of current anorexiant
medications are usually mild to moder-
ate and improve with continued treat-
ment,?* although some patients con-
tinue to be bothered by adverse effects.’®

Depression.—Depression,during treat-
ment or on withdrawal of active drug, has
been reported with dexfenfluramine,
fenfluramine,”” and the fenfluramine-
phentermine combination,®” although it is
unclear whether the incidence is greater
than that seen with placebo.?**? Exacer-
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bations of manic episodes in patients with
bipolar disorder have also been anecdot-
ally reported with the fenfluramine-phen-
termine combination (Richard Atkinson,
MD, oral communiation, October 6,1996.)
Many studies excluded patients with cur-
rent or past depression or bipolar disor-
der from study entry, making estimates
of fenfluramine-associated exacerbations
difficult.

Neurotoxic Effects.—Concerns have
also been raised about potential neuro-
toxic effects of serotonergic agents.® Ad-
ministration of high doses of dexfenflur-
amine intraperitoneally or subcutaneously
in rats causes a long-lasting depletion of
serotonin.* Others argue that the deple-
tion of brain serotonin, thought to be sec-
ondary to excessive stimulation of the
presynaptic serotonin receptors, does not
represent evidence of neurotoxic effect
because levels can be restored by pre-
treatment with serotonin and recover
spontaneously with time.” Nonhuman pri-
mates receiving subcutaneously admin-
istered dexfenfluramine develop changes
in serotonergic neuronal function that may
be long-lasting®; however, the dosage,
route of administration, and animal model
chosen have been criticized by some as
inappropriate predictors of the effect of
dexfenfluramine in humans.?¥"% Evi-
dence of neurotoxic effects in humans has
not been reported with fenfluramine or
dexfenfluramine, but further studies
evaluating the possibility of subtle neu-
ropsychological changes, particularly with
prolonged administration, are warranted.

A particular area of concern is the po-
tential for adverse effects or potentiation
of toxic effects with combination therapy.®
Short-term memory loss, which appears
reversible, has been reported in up to
13% of patients taking the fenfluramine-
phentermine combination in open-label
fashion 5% Detailed neurocognitive test-
ing for changes in memory before, dur-
ing, and after combination drug treat-
ment has not been reported.

Primary Pulmonary Hypertension.—
Reversible and irreversible primary pul-
monary hypertension (PPH) has been re-
ported in patients undergoing therapy with
anorexiant agents, including fenflur-
amine and dexfenfluramine.!%-1% Prj-
mary pulmonary hypertension is a rare
but serious cardiopulmonary disorder that
occurs at an annual rate of 1 to 2 cases
per million per year in the general popu-
lation.’® The International Primary Pul-
monary Hypertension Study was a case-
control study carried out in 4 European
countries that evaluated the association
between the development of PPH and an-
orexiant use.!!% The study found that
individuals with PPH were 6.3 times more
likely than controls to report anorexiant
drug use (95% confidence interval [CI],
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3.0-13.2). For use of anorexiant drugs in
the year before the onset of symptoms,
the odds ratio was 10.1 (95% CI, 3.4-
29.9). In addition, cases were 23.1 times
more likely than controls to report hav-
ing used anorexiant medications for more
than 3 months (95% CI, 6.9-77.7). This
translates to an estimate of between 23
and 46 cases per million per year,'* or 1
in 22000 to 44 000 patients per year. A
maximum lifetime self-reported BMI of
greater than 30 kg/m? was also associ-
ated with an increased risk of PPH, af-
ter adjustment for anorexiant use (odds
ratio, 1.9; 95% CI, 1.0-3.6). The majority
of exposures were to dexfenfluramine or
fenfluramine, which were used by 23% of
patients and 6% of controls. The results
suggest that the use of anorexiant agents
for more than 3 months is associated with
an increased risk of the development of
PPH. Although the absolute risk of pul-
monary hypertension attributable to the
use of anorexiant agents is likely to be
extremely small, physicians and patients
should be aware of this association in de-
termining the risk-benefit ratio of long-
term drug treatment. These findings re-
inforce the recommendation that these
drugs not be taken for “cosmetic” weight
loss.”" However, concern regarding the
increased risk of this rare condition must
be viewed in the context of the major ex-
cess in morbidity and mortality attribut-
able to obesity.

IDENTIFICATION OF APPROPRIATE
PATIENTS FOR DRUG TREATMENT
OF OBESITY AND SELECTION

OF TREATMENT GOALS

If physicians choose to treat obesity
with medications, they and their patients
must compare the known adverse ef-
fects and limited long-term safety data
with the potential benefits of long-term
sustained weight loss.

The North American Association for
the Study of Obesity® has recommend
that a BMI greater than 27 kg/m?be con-
sidered the minimum indication for treat-
ment with anorexiant agents for patients
without existing obesity-related comor-
bidities.The new anorectic usage guide-
lines of the American Society of Bariatric
Physicians also recommend a BMI 27
kg/m? or more or a percentage of body fat
of 30 or more for women and 25 or more
for men as minimum indications for an-
orexiant treatment in patients without
existing comorbidities (James Merker,
written communication, October 1996).
The Committee on Nutrition of the Mas-
sachusetts Medical Society has recom-
mended drug therapy only in patients
with medically significant obesity, in
which group they include adults who have
gained 13.5 kg or more since 18 years of
age.'® Labeling information for dexfen-
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fluramine recommends a minimum BMI
of 30 kg/m? for treatment, or 27 kg/m? in
the presence of obesity-related risk fac-
tors. Even in patients with a BMI above
the minimum levels recommended for
drug treatment, the decision to use medi-
cations should be based on such factors as
previous unsuccessful attempts to lose
weight and maintain weight loss with con-
ventional therapies, the number and se-
verity of associated comorbidities, family
history of obesity-related disease, and the
presence or absence of other medical con-
ditions (such as depresgion or ischemic
heart disease) that might impact on drug
choice or risk. For example, an obese pa-
tient with a BMI of 28 kg/m? but with a
gynoid obesity pattern and no evidence
of insulin resistance, blood pressure el-
evation, or dyslipidemia would likely be
aninappropriate candidate for drug treat-
ment. In a severely obese patient with
android obesity, insulin resistance, and
hypertension who has failed to lose weight
or maintain weight loss with conventional
treatments, physician and patient might
decide that the known risks of the pa-
tient’s medical condition outweigh the
risks of treatment.

When the goals of treatment and the
efficacy of a particular drug or combina-
tion of drugs are determined, improve-
ment in health and reduction in risk of
disease should be primary goals. Attain-
ment of “ideal body weight” in most se-
verely obese individuals is both unreal-
istic and unnecessary for improvement in
health.!” Both patient and physician
should be aware that reduction to an av-
erage body weight should not be expected
in most treated patients with currently
available medications. Even modest
weight loss, such as 5% to 10% of initial
body weight, has been shown to have
positive benefits on risk factors for dis-
ease,' and weight loss of this magnitude
may be realistic for many patients.

Physicians who use medications for
the treatment of obesity should have a
thorough understanding of their mecha-
nisms of action, indications and contra-
indications for use, adverse effects, and
interactions with other medications.
Continuing medical education courses
that focus on obesity and its manage-
ment may be helpful in enabling physi-
cians to care appropriately for these
challenging patients, who often have nu-
merous comorbid conditions and are tak-
ing multiple medications. Careful ongo-
ing monitoring, including assessment for
adverse effects, the need to adjust or
eliminate concurrent medication, and
evaluation of the drug’s impact on the
patient’s physical and psychological
health, is essential. Because of the rare,
but serious, association between anorexi-
ant use and PPH, physicians should be
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alert to the onset of dyspnea, changes in
exercise tolerance, angina, syncope, or
lower-extremity edema that might sig-
nal the development of this disorder.!”
Anorexiant medications should be dis-
continued in these patients, and the
symptoms should be evaluated.

Although not an exhaustive list, the
following include some of the cautions
and contraindications of which the pre-
seribing physician should be aware: an-
orexiant agents should be used with cau-
tion in patients with cardiac arrhythmias,
symptomatic cardiovascular disease, or
severe systemic disease, such as hepatic
or renal failure.3* Anorexiant agents of
all classes are contraindicated in patients
taking monoamine oxidase inhibitors and
should not be administered until a wash-
out period of more than 14 days has
elapsed. Glaucoma is a contraindication
for many anorexiant drugs.® Adminis-
tration of fenfluramine and dexfenflur-
amine may result in decreased blood glu-
cose levels and blood pressure. Therefore,
physicians must carefully monitor patients
who are taking antihypertensive and hy-
poglycemic medications for the need to
decrease dosage. Because the serotoner-
gic anorexiant agents can cause drowsi-
ness, caution should be used when these
medications are combined with other cen-
tral nervous system depressants. An-
orexiant agents may also interact with
general anesthetics and should be dis-
continued before surgery whenever pos-
sible.® Caution and careful monitoring
are needed when fenfluramine or dexfen-
fluramine is used in patients with a his-
tory of depression, and caution is required
when using anorexiant agents of all classes
in patients with a history of major psy-
chiatric illness, including bipolar disor-
der. The product labeling for dexfenflur-
amine states that this medication should
not be used with other serotonergic
agents. No data are available on use of
antidepressant SSRIs with serotonergi-
cally active anorexiant agents, such as
fenfluramine and dexfenfluramine; how-
ever, a “serotonin syndrome” has been
described with the combination of SSRIs
and other serotonergic medications, in-
cluding sumatriptan and dihydroergota-
mine.!"! Given the similar mode of action
of antidepressant SSRIs and serotoner-
gicanorexiant medications, their concomi-
tant use should be viewed with caution,

Although the abuse potential of sched-
ule IV anorexiant medications is low,
physicians should be alert to the poten-
tial for misuse of these agents by such
populations as weight-conscious athletes,
nonobese individuals, and persons with
eating disorders.

Safe use in pregnancy and lactation
has not been established for any anorexi-
ant medication, and they should be dis-
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continued in women who become preg-
nant unless the potential benefits
outweigh the potential risk to the fetus
(according to the manufacturers’ pre-
scribing information).

Childhood and adolescent obesity is in-
creasing in this country and is of special
concern. However, only 1 published study
has evaluated the safety and efficacy of
antiobesity agents in children or adoles-
cents for periods of 6 months or more,®
and that study had major limitations in
design and reporting.!® Pharmacotherapy
in this group should be considered ex-
perimental and should be carried out only
in specialized treatment programs, pref-
erably in the context of a clinical trial, and
with the approval of the appropriate in-
stitutional review board.

Although mean weight losses with
pharmacotherapy are modest compared
with those attributable to placebo, re-
sponse to treatment is variable. Some
patients show little response to pharma-
cological treatment, while others respond
with large and clinically meaningful
weight loss.'® Appropriate use of phar-
macotherapy in selected obese patients
would improve if those who are most likely
to respond could be identified. Unfortu-
nately, preliminary studies have failed to
identify which patients are likely to be
responsive to a given medication or class
of medications. Further research is needed
to determine whether such factors as race
or ethnicity, sex, degree of overweight,
age at onset of overweight, or eating style
(such as binge eating) can predict re-
sponse to a given medication."'® How-
ever, several studies have found that clini-
cally significant weight loss within the first
several weeks of treatment with a given
drug predicts further responsiveness to
that same drug.”'™ Therefore, an initial
trial period of several weeks with a given
drug or combination of drugs may help
determine their efficacy in a given pa-
tient. If a patient does not respond to a
drug with reasonable weight loss (eg, 0.45
kg/wk) after a 4-week trial period, the phy-
sician should reassess the patient to de-
termine adherence to the medication regi-
men and adjunctive therapies or the need
for dosage adjustment. If the patient con-
tinues to be unresponsive to the medica-
tion, the physician should consider its dis-
continuation.

THE ROLE OF BEHAVIORAL
TREATMENT

Many of the recent and better-designed
studies that evaluated the efficacy of drug
treatment for obesity combined medica-
tion with behavioral approaches to im-
prove diet and increase physical activity.
Early studies suggested that the use of
anorexiant drugs might interfere with the

efficacy of behavioral treatment.”*' How-
ever, subsequent studies have shown little
evidence that anorexiant medications in-
terfere with behavioral interventions.'>!1
Furthermore, there is some indication
that combining medication with behav-
ioral treatment may produce larger ini-
tial weight losses than administration of
the same drug during routine medical
care.®? Although further research will
determine the optimal content and tim-
ing of combined behavioral and drug
treatments for obesity, some evidence
suggests that combining behavioral treat-
ment for obesity with other modalities,
including drug therapy or bariatric sur-
gery, can improve health-promoting be-
haviors independent of weight loss. 2115116
Finally, the efficacy of drug therapy de-
pends on the patient’s ability to adhere
to the therapeutic regimen. Behavioral in-
terventions may play an important role
in keeping patients in treatment over the
long term.!’” For these reasons, physi-
cians who choose to administer anorexi-
ant medications should do so only in the
context of a comprehensive program that
includes nutrition education and behav-
ioral treatment.

CONCLUSIONS

Long-term pharmacotherapy, when
combined with appropriate behavioral
approaches to improve diet and increase
physical activity, helps some obese pa-
tients lose weight and maintain weight
loss for at least 1 year. The major prom-
ise of pharmacotherapy lies not in its
ability to improve the amount of weight
lost during the initial months of treat-
ment, but in its potential to enhance
longer-term maintenance of weight lost
with conventional therapies.

Because obesity is adisorder that can-
not be expected to remit without con-
tinued treatment, short-term (weeks or
months) treatment of obesity with drugs
is generally not warranted. Treatment
with medications will likely need to be
continued for years, and perhaps for the
lifetime of the patient, to sustain weight
loss and improve health. To date, there
have been few published studies in which
patients received anorexiant medica-
tions for more than 1 year. In particular,
information on the safety and efficacy of
drug combinations in the treatment of
obesity is extremely limited.®’

Until more data are available, phar-
macotherapy cannot be recommended for
routine use in obese individuals, although
it may be helpful in carefully selected
patients. If physicians choose to use medi-
cations in the long-term management of
obesity, patients should be fully informed
about the nonstandard use of some drugs,
their potential adverse effects, and the
scarcity of long-term studies available.
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Physicians who prescribe anorexiant

medications are encouraged to partici-
pate in ongoing clinical trials wherever
feasible. Ultimately, physician and patient
need to balance carefully the potential
risks of therapy against the potential ben-
efits of sustained reduction in body weight
in the responsive patient.
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Obesity is a chronic disease that affects many people. To lose weight
and maintain weight loss over the long term, it is necessary to modify

one’s diet and engage in regular physical activity. Some people, howev-

er, may require additional treatment. As with other chronic conditions,
such as diabetes or high blood pressure, the use of prescription medica-

tions may be appropriate for some people who are overweight or obese.
y pprop pecop g

Prescription weight-loss medications should be used only by patients who
are at increased medical risk because of their weight. They should not
be used for “cosmetic” weight loss. In addition, patients should have

previously tried to lose weight through diet and physical activity.
Prescription weight-loss drugs are approved only for those with:

* A body mass index (BMI) of 30 and above.

* A BMI of 27 and above with an obesity-related condition, such as
high blood pressure, type 2 diabetes, or dyslipidemia (abnormal
amounts of fat in the blood).

BMI is a measure of weight in relation to height that helps determine
if your weight places your health at risk. A BMI of 18.5 to 24.9 is
considered healthy. A BMI of 25 to 30 is considered overweight, and
a BMI over 30 is considered obese. (See WIN’s brochure Weight and
Waist Measurement: Tools for Adults for more information.)

Although most side effects of prescription medications for obesity are
mild, serious complications have been reported. Also, few studies have
evaluated the long-term safety or effectiveness of weight-loss medica-
tions. Weight-loss medications should @/ways be combined with a
program of healthy eating and regular physical activity.

The information in this fact sheet may help you decide if and what
kind of weight-loss medication may help you in your efforts to reach
and stay at a healthy weight. It does not replace medical advice from

your doctor.
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Weight-loss
medications should
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with a program of
healthy eating and
regular physical

activity.



Medications That Promote Weight Loss

Table 1 provides an overview of medications that may be prescribed for weight loss.

Table1

Sibutramine

Phentermine

Diethylpropion

Phendimetrazine

Orlistat

Bupropion

Topiramate

Zonisamide

Metformin

Yes; long term (up to 1 year)
for adults

Yes; short term (up to 12 weeks)
for adults

Yes; short term (up to 12 weeks)
for adults

Yes; short term (up to 12 weeks)
for adults

Yes; long term (up to 1 year)
for adults and children age 12
and older

No

No

No

No

Appetite Suppressant

Appetite Suppressant

Appetite Suppressant

Appetite Suppressant

Lipase Inhibitor

Depression Treatment

Seizure Treatment

Seizure Treatment

Diabetes Treatment

Increased blood pressure
and heart rate

Increased blood pressure
and heart rate,
sleeplessness, nervousness

Dizziness, headache,
sleeplessness, nervousness

Sleeplessness, nervousness

Gastrointestinal issues
(cramping, diarrhea, oily
spotting)

Dry mouth, insomnia

Numbness of skin, change
in taste

Drowsiness, dry mouth,
dizziness, headache, nausea

Weakness, dizziness,
metallic taste, nausea

Food and Drug Administration-Approved Prescription Weight-loss Medications

Most of the Food and Drug Administration (FDA)-approved weight-loss medications are approved for

short-term use, meaning a few weeks, but doctors may prescribe them for longer periods of time—a practice
called “off-label” use. (See the box on the following page for more information about off-label use.) Sibutra-
mine and orlistat are the only weight-loss medications approved for longer-term use in patients who are

significantly obese. Their safety and effectiveness have not been established for use beyond 2 years, however.
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Appetite Suppressants. Most available weight-loss
medications approved by the FDA are appetite-sup-
pressant medications. These include sibutramine,
phentermine, phendimetrazine, and diethylpropion.
Appetite-suppressant medications promote weight
loss by decreasing appetite or increasing the feeling
of being full. These medications make you feel less
hungry by increasing one or more brain chemicals
that affect mood and appetite. Phentermine and
sibutramine are the most commonly prescribed ap-

petite-suppressants in the United States.

NOTE: Amphetamines are a type of appetite suppres-
sant. However, amphetamines are not recommended
for use in the treatment of obesity due to their strong
potential for abuse and dependence.

Lipase Inhibitors. The drug orlistat reduces the body’s
ability to absorb dietary fat by about one-third. It
does this by blocking the enzyme lipase, which is
responsible for breaking down dietary fat. When fat is
not broken down, the body cannot absorb it, so it is

eliminated and fewer calories are taken in.

In early 2007, orlistat was approved for over-the-
counter (OTC) sale for adults age 18 and over. This
means that the drug may be purchased without a pre-
scription. The OTC version of orlistat is sold under
the brand name alli. Alli is meant to be taken with

a reduced-calorie, low-fat diet, exercise, and a daily

multivitamin. Its side effects are similar to those for
prescription orlistat. Anyone considering taking alli
should read information about side effects, drug in-
teractions, and usage recommendations on the drug’s

packaging or website, http:/fwww.myalli.com.

Other Medications

The following types of medication(s) are not FDA-
approved for the treatment of obesity. However, they
have been shown to promote short-term weight loss

in clinical studies and may be prescribed off-label.

Drugs to treat depression. Some antidepressant
medications have been studied as appetite-suppres-
sant medications. While these medications are FDA-
approved for the treatment of depression, their use
in weight loss is an off-label use (see the box below).
Studies of these medications have generally found
that patients lose modest amounts of weight for up
to 6 months, but that patients tend to regain weight
while they are still on the drug. One exception is
bupropion. In one study, patients taking bupropion

maintained weight loss for up to 1 year.

Drugs to treat seizures. Two medications used to
treat seizures, topiramate and zonisamide, have been
shown to cause weight loss. Whether these drugs will

be useful in treating obesity is being studied.

Although the FDA regulates how a medication can be advertised or promoted by the manufacturer, these

regulations do not restrict a doctor’s ability to prescribe the medication for different conditions, in different

doses, or for different lengths of time. The practice of prescribing medication for periods of time or for con-

ditions not FDA-approved is known as off-label use. While such use often occurs in the treatment of many

conditions, you should feel comfortable about asking your doctor if he or she is using a medication or com-

bination of medications in a manner that is not approved by the FDA. The use of more than one weight-

loss medication at a time (combined drug treatment) is an example of an off-label use. Using weight-loss

medications other than sibutramine or orlistat for more than a short period of time (i.e., more than “a few

weeks") is also considered off-label use.
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Until more
information on
their safety or
effectiveness is
available, using
combinations of
medications for
weight loss is not

recommended.
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Drugs to treat diabetes. The diabetes medication metformin may
promote small amounts of weight loss in people with obesity and
type 2 diabetes. How this medication promotes weight loss is not
clear, although research has shown reduced hunger and food intake

in people taking the drug.

Drug combinations. The combined drug treatment using fenflura-
mine and phentermine (known as “fen/phen”) is no longer available
due to the withdrawal of fenfluramine from the market after some
patients experienced serious heart and lung disorders. (See the
“Potential Risks and Concerns” section on the following page.)
Little information is available about the safety or effectiveness of
other drug combinations for weight loss, including fluoxetine/phen-
termine, phendimetrazine/phentermine, orlistat/sibutramine, herbal
combinations, or others. Until more information on their safety or
effectiveness is available, using combinations of medications for weight

loss is not recommended, except as part of a research study.

Drugs in development. Many medications are being tested as
potential treatments for obesity. The makers of one drug,
rimonabant, applied for FDA approval in 2007 but withdrew the
application after a scientific panel recommended against the drug’s
use. Although rimonabant is approved for use in some countries, it

is not approved for use in the United States.

Potential Benefits of Medication Treatment

People respond differently to weight-loss medications, and some peo-
ple experience more weight loss than others. Weight-loss medications
lead to an average weight loss of about 10 pounds more than what
you might lose with nondrug obesity treatments. Maximum weight
loss usually occurs within 6 months of starting the medicine. Weight

then tends to level off or increase during the remainder of treatment.

Over the short term, weight loss in individuals who are obese may
reduce a number of health risks. Studies have found that weight loss
with some medications improves blood pressure, blood cholesterol,
triglycerides (fats), and insulin resistance (the body’s inability to use
blood sugar). New research suggests that long-term use of weight-loss
drugs may help individuals keep off the weight they have lost. How-
ever, more studies are needed to determine the long-term effects of

weight-loss drugs on weight and health.



Potential Risks and Concerns

Research has yet to determine the long-term health effects of weight- Because weight-

loss drugs. To date, the longest study is a 4-year investigation of logs edleatians e
orlistat. Most other studies have lasted 6 to 12 months or less. In ad-

dition, research has not examined rare side effects (those occurring in used to treat a

less than 1 per 1,000 patients), and the optimal duration of treatment

is unknown. condition that
When considering long-term weight-loss drugs to treat obesity, you affects millions of

should consider the following areas of concern and potential risks.

people, the possibility

Potential for abuse or dependence. Currently, all prescription medi-

cations to treat obesity except orlistat are controlled substances, mean- that side effects may

ing doctors need to follow certain restrictions when prescribing them.

Although abuse and dependence are not common with nonamphet- outweigh benefits is

amine appetite-suppressant medications, doctors should be cautious
of great concern.

when they prescribe these medications for patients with a history of
alcohol or other drug abuse.

Development of tolerance. Most studies of weight-loss drugs show
that a patient’s weight tends to level off after 6 months while still on
the drug. Although some patients and doctors may be concerned that
this shows tolerance to the medications, the leveling off may mean that
the medication is no longer effective. Based on the currently available
studies, it is not clear if weight gain with continuing treatment is due
to drug tolerance. A recent study found that orlistat aids in weight
maintenance over a 3-year period, but more research is needed to con-
firm these findings and investigate other drugs.

Reluctance to make behavioral changes while using prescription
medications. Patients who are overweight or obese should be able to
seek medical treatment to prevent health risks that can cause serious
illness and death. Weight-loss drugs, however, are not “magic bullets” or
a one-shot fix for this chronic disease. They should always be combined
with a healthy eating plan and increased physical activity.

Side effects. Because weight-loss drugs are used to treat a condition that
affects millions of people, many of whom are basically healthy, the pos-

sibility that side effects may outweigh benefits is of great concern. Most

side effects of these drugs are mild and usually improve with continued

use. Rarely, serious and even fatal outcomes have been reported. Some

of the common side effects of the drugs are explained on the next page.
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Because obesity is a
chronic disease, any
treatment, whether
drug or nondrug,
may need to be
continued for years,
and perhaps a
lifetime, to improve
health and maintain

a healthy weight.
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Orlistar. Some side effects of orlistat include cramping, intestinal
discomfort, passing gas, diarrhea, and leakage of oily stool. These side
effects are generally mild and temporary, but may be worsened by
eating high-fat foods. Also, because orlistat reduces the absorption of
some vitamins, patients should take a multivitamin at least 2 hours

before or after taking orlistat.

Sibutramine. The main side effects of sibutramine are increases in
blood pressure and heart rate, which are usually small but may be of
concern in some patients. Other side effects include headache, dry
mouth, constipation, and insomnia. People with poorly controlled
high blood pressure, heart disease, irregular heartbeat, or history of
stroke should not take sibutramine, and all patients taking the drug

should have their blood pressure monitored on a regular basis.

Other appetite suppressants. Phentermine, phendimetrazine, and
diethylpropion may cause symptoms of sleeplessness, nervousness,
and euphoria (feeling of well-being). People with heart disease, high
blood pressure, an overactive thyroid gland, or glaucoma should not

use these drugs.

Two appetite-suppressant medications, fenfluramine and dexfenflu-
ramine, were withdrawn from the market in 1997. These drugs, used
alone and in combination with phentermine (fen/phen), were linked
to the development of valvular heart disease and primary pulmonary
hypertension (PPH), a rare but potentially fatal disorder that affects
the blood vessels in the lungs. There have been only a few case re-
ports of PPH in patients taking phentermine alone, but the possibil-

ity that phentermine use is associated with PPH cannot be ruled out.

Commonly Asked Questions About Weight-Loss
Drugs
Q: Can drugs replace physical activity or changes in eating habits

as a way to lose weight?

A: No. Studies show that weight-loss medications work best when com-
bined with a weight-control program that helps you improve your
eating and physical activity habits. Ask your doctor about ways you

can improve your eating plan and become more physically active.

Q: How do I decide which drug is right for me?

A: Choosing a weight-loss drug is a decision between you and your

health care provider. You will consider the drug’s side effects, your



family’s medical history, and your current medi-

cal conditions and medicines.

Q: What medical history, conditions, or medica-
tions might influence my decision to take a
weight-loss drug?

A: Let your doctor know if any of the following
applies to you, as these factors may affect which

weight-loss drugs you can take, if any:
* History of drug or alcohol abuse.
 History of eating disorders.

 History of depression or manic depressive

disorder.

* Pregnancy or breast-feeding.
* Migraine headaches requiring medication.
e Glaucoma.

¢ Diabetes.

e Heart disease or heart condition, such as an

irregular heart beat.
 High blood pressure.
 Use of blood-thinning medication.

e Use of monoamine oxidase (or “MAQ”)

inhibitors or antidepressant medications.

* Plan to have surgery that requires general

anesthesia.

Q: How long will I need to take weight-loss

medications to treat obesity?

A: The answer depends upon whether the medi-
cation helps you to lose and maintain weight
and whether you have any side effects. Because
obesity is a chronic disease, nondrug treatment
including diet changes and regular physical
activity may need to be continued for years, and
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perhaps a lifetime, to improve health and main-
tain a healthy weight. However, like many other
types of drugs, there is still little information on
how safe and effective weight-loss medications
are for many years of use. At least one study has
shown that intermittent use (1 month on medi-
cation and 1 month off medication) may help
some people lose and maintain weight, but more

research is needed.

Q: Will I regain some weight after I stop taking

A:

weight-loss medications?

Probably. Most studies show that the majority of
patients who stop taking weight-loss medications
regain the weight they lost. Maintaining healthy
eating and physical activity habits may help you

regain less weight or keep it off.

Q: Can children or teens use weight-loss

A:

medications?

Prescription orlistat is currently approved for
use in teens age 12 or above. Other weight-loss
drugs are not approved for use in children under
age 16, although studies in children and teens
are ongoing. Sibutramine and metformin are
two drugs being studied in clinical trials. Early
reports show them to be safe and effective, but
more research is needed and they have not been
FDA-approved for children or adolescents.

Q: Will insurance cover the cost of weight-loss

A:

medication?

Currently, many insurance companies will not
pay for weight-loss drugs, but this is changing as
insurers begin to recognize obesity as a chronic
disease. Contact your insurance company to find
out if prescription weight-loss medication is cov-
ered under your plan. A 1-month prescription
can cost from 60 dollars to more than twice this
amount. Ask a staff member at your pharmacy
what a 1-month supply of the medication you

are considering taking will cost.



Most patients should not expect to reach an “ideal” body weight
using currently available medications. However, even a modest
weight loss of 5 to 10 percent of your starting body weight can
improve your health. Together, you and your doctor can make an
informed choice as to whether medication can be a useful part of

your weight-control program.

Additional Resources

Food and Drug Administration
Provides information about drug approvals, prescription drugs, OTC

drugs, drug safety, clinical trials, public health alerts, and other topics.

5600 Fishers Lane

Rockville, MD 20857-0001
1-888—-INFO-FDA (1-888—463-6332)
http:/fwww.fda.gov

Mayo Clinic
Offers information about drugs and supplements.
http:/fwww.mayoclinic.com/health/drug-information/DrugHerbIndex

National Center for Complementary and Alternative Medicine
Provides information on nonconventional therapies, such as herbal

supplements and acupuncture.

9000 Rockville Pike
Bethesda, MD 20892
1-888-644—-6226
TTY: 1-866-464-3615

http:/fwww.nccam.nih.gov

National Library of Medicine
Offers information about drugs, supplements, and herbal products.

8600 Rockville Pike

Bethesda, MD 20894

1-888-FIND-NLM (1-888-346-3656)
hitp:/fwww.nlm.nih.govimedlineplus/druginformation. html

NIH Publication No. 07-4191
November 2004
Updated December 2007
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1 WIN Way

Bethesda, MD 20892—-3665
Phone:

(202) 828-1025

Toll-free number:
1-877-946-4627

FAX:

(202) 828-1028

Email:
WIN@info.niddk.nih.gov

Internet:

http:/fwww.win.niddk.nih.gov

The Weight-control Information
Network (WIN) is a service of the
National Institute of Diabetes and
Digestive and Kidney Diseases
(NIDDK) of the National Insti-
tutes of Health, which is the Fed-
eral Government’s lead agency re-
sponsible for biomedical research on
nutrition and obesity. Authorized
by Congress (Public Law 103-43),
WIN provides the general public,
health professionals, the media, and
Congress with up-to-date, science-
based health information on weight
control, obesity, physical activity,
and related nutritional issues.

Publications produced by WIN are
reviewed by both NIDDK scien-
tists and outside experts. This fact
sheet was also reviewed by Myrlene
Staten, Ph.D., Senior Advisor, Dia-
betes Translational Research; Divi-

sion of Diabetes, Endocrinology,
and Metabolic Diseases; NIDDK.

This text is not copyrighted.
WIN encourages unlimited duplication
and distribution of this fact sheet.
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Pharmacologic Agents in the Treatment
of Obesity

Donna H. Ryan

Pennington Biomedical Research Center, Louisiana State University,
Baton Rouge, Louisiana, U.S.A.

INTRODUCTION

The purpose of this chapter is to review the data supporting the safety and
efficacy of appetite suppressants, lipase inhibitors, anticonvulsants, antide-
pressants, and other agents in the treatment of obesity. There are currently
two approved medications for long-term obesity management, although it is
not unusual in clinical practice for medications to be prescribed ‘‘off label”
to achieve weight loss. Furthermore, an intensive effort is underway by
many pharmaceutical companies to bring more agents to market against a
growing epidemic of obesity and its comorbidities, particularly type 2
diabetes. The noradrenergic drugs phentermine, diethylpropion, benzpheta-
mine, and phendimetrazine are approved only for short-term use. Sibutra-
mine, a norepinephrine—serotonin reuptake inhibitor, is approved for
long-term use. Also approved for long-term use is orlistat, which inhibits
pancreatic lipase and can block hydrolysis of 30% of the dietary triglyceride
in subjects eating a 30% fat diet. A growing trend is the use of antidepres-
sants and anticonvulsants (bupropion, topiramate, and zonisamide) for
weight management and the review will cover the evidence supporting their
weight loss effects. Several newer drugs (rimonibant, axokine) in clinical
trials investigation will also be discussed. Despite limitations in the number
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and efficacy of current medications, the future prospects for obesity pharma-
cotherapy are optimistic.

Medicating for treatment of obesity can be a useful adjunct to diet and
exercise and can help selected patients achieve and maintain meaningful
weight loss. A report from the National Heart, Lung and Blood Institute
of the NIH entitled Clinical Guidelines on the Identification, Evaluation,
and Treatment of Overweight and Obesity in Adult—The Evidence Report
emphasizes the need for physicians to address obesity in their patients (1).
The Guidelines sanction the clinical use of weight loss drugs approved by
the food and drug administration (FDA) for long-term use as part of a
concomitant lifestyle modification program. Currently, this would include
only sibutramine (trade-named Meridia or Reductil) or orlistat (Xenical).
According to the Guidelines, medications are appropriate for those patients
who have been unsuccessful in previous weight loss attempts and whose
body mass index (BMI) exceeds 27 kg/m” who have associated conditions
such as diabetes, hypertension, or dyslipidemia, or whose BMI exceeds
30 kg/m’. Still, for many physicians, treatment of obesity is not a routine
part of their clinical practices, and the majority of medications prescribed
for weight loss are not those recommended as superior choices by the
guidelines.

Drug treatment for obesity has been tarnished by a number of unfor-
tunate problems (2). Since the introduction of thyroid hormone to treat obe-
sity in 1893, almost every drug that has been tried in obese patients has led
to undesirable outcomes that have resulted in their termination. Thus, cau-
tion must be used in accepting any new drugs for treatment of obesity,
unless the safety profile would make it acceptable for almost everyone.
The most recent medical disaster was the reports of valvular heart disease
associated with the use of fenfluramine and dexfenfluramine (3-5). These
drugs are potent releasers of serotonin and are associated with heart valve
damage similar to that seen in carcinoid syndrome. Thankfully, the extent
of the problem has not proven to be as great as first suspected (4,5). It is
now recognized that risk for valvulopathy associated with fenfluramine is
associated with duration of exposure to the medication and that the lesions
are likely to remit off medication (4-7). The finding, however, will add cau-
tion when any future drugs are marketed to treat obesity and will provide
support for those who believe drug treatment of obesity is inappropriate
and risky.

Another issue to be considered is the way that all weight loss medica-
tions have been viewed as having the addictive properties of amphetamine
(8). Abuse of either phentermine or diethylpropion is rare and sibutramine
has evidence of abuse potential (2,9).

Another misconception about drug treatment of obesity is that the
drugs are ineffective because weight regain occurs when drug treatment is
stopped (10). Surgeries for obesity such as gastric bypass and gastric banding
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have been demonstrated in one large registry study to produce >16% weight
loss from baseline that is sustained for up to 10 years from baseline (11,12).
As long as the treatment is enforced (the surgical band in place and the
restrictive and malabsorptive modifications to gastrointestinal architecture
unchanged) weight loss will be maintained. If the surgery is reversed, weight
regain occurs. As clinicians, we do not expect to cure such diseases as hyper-
tension or hypercholesterolemia with medications. Rather, we expect to
palliate them. When the medications for any of these diseases are discontin-
ued, we expect the disease to recur. This means that medications only work
when used. Of the currently available medications used for weight manage-
ment, a chronic approach to treatment is required.

Two final misconceptions must be addressed regarding pharmaco-
therapy for obesity. A weight loss of less than 15% is considered unsatisfac-
tory by most obese patients (12). Yet the reality is that none of our current
treatment approaches, except gastric bypass, produce a consistent weight
loss of >15% for the average patient (13). When weight loss plateaus at a
level above their desired cosmetic goal, patients usually stop medications.
Patients seem to want to take medications to lose weight, but do not seem
willing to take medications to maintain modest weight losses.

Last to consider is the lack of appreciation for the meaningful health
benefits produced by sustained weight loss, even though only 5% to 10% from
baseline. Loss of 5% to 10% in the obese can translate into improvement in gly-
cemic control, [important, considering the epidemic of diabetes (14)] improve-
ment in blood pressure and hypertension control, and improvements in lipid
profile, in symptoms of sleep apnea, arthritis, and other comorbid conditions (1).
Furthermore, modest weight loss can translate into reduction in morbidity.
Weight loss of 7% from baseline produced a 58% reduction in risk for devel-
oping type 2 diabetes over two to five years in individuals with impaired
glucose tolerance (15). Similar diabetes risk reduction with modest weight loss
has been demonstrated in the Finnish Diabetes Prevention Program (16).

Physicians must be cognizant of these misconceptions; they are bar-
riers to success. It is against these limitations that the review examines medi-
cations currently in use for obesity management in primary care practice
settings. Table 1 describes the medications that will be discussed.

DRUGS APPROVED BY THE FDA WITH AN INDICATION
FOR WEIGHT MANAGEMENT

There are only two agents currently available with FDA approval and an
obesity indication for long term use—orlistat and sibutramine. Some older
agents are still available in the United States and approved for short-term
use, i.e., ‘‘a few weeks.”” Those older agents include diethylpropion, phenter-
mine, benzphetamine, and phendimetrizme.
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Table 1 Drugs Approved by the FDA for Treatment of Obesity

Drug Trade names Dosage DBA schedule
Pancreatic lipase inhibitor approved for long-term use
Orlistat Xenical 120 mg tid before meals -
Norepinephrine serotonin reuptake inhibitor approved for long-term use
Sibutramine Meridia 5-15 mg/day v
Reductil
Noradrenergic drugs approved for short-term use
Diethylpropion Tenuate 25mg tid v
Phentermine Adipex-P 15-37.5 mg/day v
Ionamin slow 15-30 mg/day
release
Benzphetamine Didrex 25-50mg tid 11
Phendimetrazine Bontril 17.5-70 mg tid 11
Prelu-2
Medications used off-label for weight management
Topiramate Topamax 50-200 mg/day -
Zonisamide Zonegran 400-600 mg/day -
Fluoxetine?® Prozac 60 mg/day -
Sarafem
Bupropion Wellbutrin 400 mg/day -
Venlafaxine Effexor 75-225 mg/day -

“Weight loss efficacy is only demonstrated for a few weeks and then weight regain occurs on
fluoxetine.
Abbreviation: FDA, food and drug administration.

Phentermine, Diethylpropion, Benzphetamine,
Phendimetrazine, and Mazindol

This group of agents have been available in the U.S. market for more than
30 years. The published clinical data supporting their safety and efficacy
consists of a few studies, each enrolling a few patients and most studies
are of short duration. Only a handful of clinical trials for this group equals
or exceeds 24 weeks duration. By far, phentermine is the most popular drug
in this group and the others are not widely available. Phentermine is the
most frequently prescribed weight loss agent in the United States, probably
because it is inexpensive, since it is no longer protected by patent.

The best and one of the longest of the clinical trials reporting phenter-
mine’s weight loss efficacy lasted 36 weeks and compared placebo treatment
against continuous phentermine or intermittent phentermine (Fig. 1) (17).
The intermittent regimen was four weeks of phentermine 15 mg/day
followed by four weeks of placebo. This was compared to continuous phen-
termine at 15 mg/day or placebo. Both continuous and intermittent phenter-
mine therapy produced more weight loss than did placebo. In the drug-free
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Figure 1 Comparison of weight loss with continuous and intermittent therapy using
phentermine. Overweight patients were randomized to receive either placebo or one
of two dosing-regimens with phentermine. One regimen provided 15 mg/day each
morning for nine months and the other provided 15 mg/day for one month and then
a month of no treatment. Source: From Ref. 17.

periods the patients treated intermittently slowed their weight loss only to
lose more rapidly when the drug was reinstituted. As can be observed in
Figure 1, intermittent phentermine produced comparable weight loss to
continuous phentermine.

Phentermine and diethylpropion are classified by the U.S. Drug
Enforcement Agency as schedule IV drugs, and benzphetamine and phendi-
metrazine as schedule III drugs, although states may schedule these agents
differently. This regulatory classification indicates the government’s belief
that they have the potential for abuse, although this potential appears to
be very low. Phentermine and diethylpropion are only approved for a
“‘few weeks’’ use, which is usually interpreted as up to 12 weeks. Weight loss
with phentermine and diethylpropion persists for the duration of treatment,
suggesting that tolerance does not develop to these drugs. If tolerance were
to develop, the drugs would be expected to lose their effectiveness or require
increased amounts of drug for patients to maintain weight loss. This does
not occur. Phentermine is not available in Europe. A review in a prestigious
journal recommends obtaining written informed consent if phentermine is
prescribed for longer than 12 weeks, because this is off-label usage and there
are not sufficient published reports on the use of phentermine for long-term
use (18).

Ex. 6, Page 153
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The side effect profile for sympathomimetic drugs is similar (1). They
produce insomnia, dry mouth, asthenia, and constipation. Sympathomi-
metic drugs can also increase blood pressure.

Sibutramine (Meridia®, Reductil in Europe)

In contrast to the older sympathomimetic drugs in Table 1, sibutramine has
been extensively evaluated in several large-scale multicenter trials lasting
6 to 24 months conducted in men and women of all ethnic groups with ages
ranging from 18 to 65 years and with a BMI between 27 and 40 kg/m”. Sibu-
tramine’s clinical research history has been recently reviewed (19).

There is a dose-response effect with sibutramine. In a six-month dose-
ranging study of 1047 patients, 67% of sibutramine treated patients achieved
a 5% weight loss and 35% lost 10% or more. Data from this multicenter trial
are shown in Figure 2 (20,21). There is a clear dose-response in this 24-week
trial, and regain of weight occurred when the drug was stopped, indicating
that the drug remained effective when used.

In another interesting study by virtue of the magnitude of weight
lost, patients who initially lost weight eating a very low calorie diet were

End of
Treatment

1
- H
¥ :
.9 : W‘
Z -2 i
£ i
o ‘
c -4 |
S i
o .l @ Placebo :‘ /
X7 H 1mg H
< A 5 mg :
© . '
D 8| 10mg s
= O 15mg i
220 mg E
~10 30 mg . ; . . ;!
0 4 8 12 16 20 24 24 27 30

Treatment Week

Figure 2 Dose-related weight loss with sibutramine. A total of 1047 patients were
randomly assigned to receive placebo or one of six doses of sibutramine in a double-
blind fashion for six months. By the end of the trial of sibutramine treated patients,
weight loss had plateaued for most doses. When the drug was discontinued at six
months, weight was regained, indicating that the drug remained effective during
treatment. Source: From Ref. 35.
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randomized to sibutramine 10 mg/day or placebo, and behavioral program.
Sibutramine produced additional weight loss (—16% from baseline at 1
year), whereas the placebo-treated patients regained weight (22). These
results indicate that the response to sibutramine is dependent on the inten-
sity of the behavioral approaches that are used with sibutramine. By com-
bining a very low calorie diet and intensive behavioral therapy along with
sibutramine, the total weight loss at one year was quite impressive.

A number of observations about sibutramine can be drawn from the
Sibutramine Trial of Obesity Reduction and Maintenance (STORM Trial),
but the effects of sibutramine in aiding weight maintenance are the most per-
suasive aspect of the trial (23). Seven centers participated in this trial where
605 patients were initially enrolled in an open-label fashion and treated
with 10 mg/day of sibutramine for six months (Fig. 3). Those patients
who lost more than 5% (and 77% of enrolled patients met this goal) were
then randomized, two-thirds to sibutramine and one-third to placebo.
During the 18-month double-blind portion of the trial, the placebo-treated
patients steadily regained weight, maintaining only 20% of their weight loss
at the end of the trial. In contrast, the subjects treated with sibutramine
maintained their weight for 12 months and then regained an average of only
2 kg, thus maintaining 80% of their initial weight loss after two years (24).
In spite of the difference in weight at the end of the 18 months of controlled
observation, the mean blood pressure of the sibutramine-treated patients
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Figure 3 The Sibutramine Trial of Obesity Reduction and Maintenance (STORM).
In the six-month weight loss period, 605 patients received sibutramine 10 mg/day. At
six months, 352 patients were randomized to receive placebo. Both groups received
the same diet and exercise counseling. There was a dose titration allowed to a max-
imum of 20 mg/day sibutramine. Source: From Ref. 38.
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was still higher than in the patients treated with placebo, even though they
had a weight difference of several kilograms.

Sibutramine given continuously for one year has been compared to
placebo and sibutramine given intermittently (25). In this study (Fig. 4),
patients who had lost —2% or -2 kg after four weeks of treatment with sibu-
tramine 15 mg/day were randomized to placebo as continued sibutramine
versus sibutramine prescribed intermittently (weeks 1-12, 19-30, and 37-48).
Both sibutramine treatment regimens gave equivalent results and were signifi-
cantly better than placebo. As illustrated in Figure 4, the effect of stopping
sibutramine results in small increases in weight, which is then reversed when
the medication is restarted.

Four clinical trials document sibutramine use in patients with diabetes.
One was for 12 weeks and the other three studies were for 24 weeks (24,26-28).
In the 12-week trial, diabetic patients treated with sibutramine 15 mg/day lost
—2.4 kg (2.8%) compared to —0.1 kg (0.12%) in the placebo group (29). In this
study, Hemoglobin Alc (HbAlc) fell —0.3% in the drug-treated group and
remained stable in the placebo-treated group. In the study by Gockel et al. (27)

Figure 4 Sibutramine given intermittently or continuously compared to placebo.
Mean (SE) change in body weight during the study period. Patients (n % 1102)
received sibutramine 15 mg/day. Those who lost 2% or 2 kg in four weeks were ran-
domized to placebo (n Y4 395) versus continued sibutramine (n% 405) versus inter-

mittent sibutramine (weeks 1-12,19-30, and 37-48) (n' 395). Source: From Ref. 25.
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60 female patients who had poorly controlled glucose levels (HbAlc > 8%) on
maximal doses of sulfonylureas and metformin were randomly assigned to
sibutramine 10mg twice daily or placebo. The weight loss at 24 weeks was

—9.6 kg in the sibutramine treated patients and —0.9 kg in those on placebo.
The improvements in glycemic control were equally striking. In the sibu-

tramine-treated patients, HbAlc fell —2.73% compared to —0.53% with the
placebo. Insulin levels fell —5.66 U/mL compared to —0.68 U/mL for pla-
cebo and fasting glucose fell —124.88 mg/mL compared to —15.76 mg/mL
for placebo. While the weight loss in most of the studies of patients with dia-

betes does not appear as great as in nondiabetic patients, in all of the studies
the percentage of patients who achieved weight loss 5% from baseline was
significantly greater than placebo. In all studies the degree of weight loss
corresponds to the degree of improvement in glycemic control.

Two trials have been reported using sibutramine to treat hypertensive
patients over one year, and two additional studies provide data on 12 weeks
of treatment (21,30-32). In all instances, the weight loss pattern favors sibu-
tramine. However, except for one study, mean weight loss, though favor-
able, was associated with small increases in mean blood pressure (31). In
a three-month trial all patients were receiving b-blockers with or without
thiazides for their hypertension (32). The sibutramine-treated patients lost
—4.2 kg (4.5%) compared to a loss of —0.3 kg (0.3%) in the placebo-treated
group. Mean supine and standing diastolic and systolic blood pressure were
not significantly different between drug-treated and placebo-treated
patients. Heart rate, however, increased Pp5.6 + 8.25 (M + SD) bpm in the
sibutramine-treated patients as compared to an increase in heart rate of
P2.2 +£6.43 (M + SD) bpm in the placebo group.

McMahon et al. (21) reported a 52-week trial in hypertensive patients
whose blood pressure was controlled with calcium channel blockers with
or without b-blockers or thiazides. Sibutramine doses were increased from
5 to 20 mg/day during the first six weeks. Weight loss was significantly
greater in the sibutramine-treated patients, averaging —4.4 kg (4.7%) as com-
pared to —0.5kg (0.7%) in the placebo-treated group. Diastolic BP decreased
—1.3 mmHg in the placebo-treated group and increased by p2.0 mmHg in the
sibutramine-treated group. The SBP increased p1.5mmHg in the placebo-
treated group and by p2.7 in the sibutramine-treated group. Heart rate was
unchanged in the placebo-treated patients, and increased p4.9bpm in the
sibutramine-treated patients (21). One small study in eight obese men demon-
strated that an aerobic exercise program mitigated the adverse blood pressure
effects of sibutramine (33).

Since the dose of sibutramine influences the amount of weight loss
with the drug, the intensity of the behavioral component is also likely to
have an effect (21,28). This is readily demonstrated in a study by Wadden
(34). With minimal behavioral intervention, the weight loss in that study
was about 5kg over 12 months. When group counseling to produce behavior
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modification was added to sibutramine the weight loss increased to 10 kg,
and when a structured meal plan using meal replacements was added to the
medication and behavior plan, the weight loss increased further to —15 kg
(34). This indicates that the amount of weight loss observed during pharma-
cotherapy is due in part to the intensity of the behavioral approach.

Sibutramine is available in 5, 10, and 15 mg pills; 10 mg/day as a
single daily dose is the recommended starting level with titration up or
down based on response. Doses above 15mg/day are not recommended
by the FDA. The chance of achieving meaningful weight loss can be deter-
mined by the response to treatment in the first four weeks. In one large
trial, of the patients who lost —2kg (—41b) in the first four weeks of treat-
ment, 60% achieved a weight loss of more than 5%, compared to less than
10% of those who did not lose—2 kg (—4 1b) in four weeks (21,35). Except
for blood pressure, weight loss with sibutramine is associated with improve-
ment in profiles of cardiovascular risk factors. Combining data from the
total of 11 studies on sibutramine showed a weight-related reduction in tri-
glyceride, total cholesterol, and LDL cholesterol and a weight loss related
rise in HDL cholesterol that was related to the magnitude of the weight
loss (36).

Sibutramine should not be used in patients with a history of coronary
artery disease, congestive heart failure, cardiac arrhythmias, or stroke. There
should be a two-week interval between termination of monoamine oxidase
inhibitors (MAOIs) and beginning sibutramine. Sibutramine should be used
only with caution with selective serotonin reuptake inhibitors (SSRIs).
Because sibutramine is metabolized by the cytochrome P4so enzyme system
(isozyme CYP3A4) when drugs like erythromycin and ketoconazole are
taken, there may be competition for this enzymatic pathway and prolonged
metabolism can result.

There are two issues to consider regarding blood pressure management
and sibutramine use. The first is the development of clinically significant
blood pressure elevations. Individual blood pressure responses to sibutra-
mine are quite variable. From the studies reviewed, withdrawals for clinically
significant blood pressure increase are usually 2% to 5% of participants in the
trial. Higher doses tend to produce higher withdrawal rates, thus lower doses
are preferred (35). The other issue with blood pressure increases is the small
mean increase of 2 to 4 mmHg in systolic and diastolic blood pressure that
occurs in sibutramine treated patients versus controls. Weight loss is usually
associated with improvement in risk factors for cardiovascular disease (blood
pressure, lipids, measures of glycemic control). If sibutramine has mixed
effects on risk factors, with improvement in some (lipids, glycemic control)
but slight worsening of others, then the prescribing physician must use judg-
ment in the decision to continue sibutramine.

Managing potential increases in blood pressure should be a part of
the sibutramine treatment plan. Evaluation of blood pressure two to four
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weeks after starting sibutramine is recommended. The initial dose is usually
10 mg/day. About 5% of patients who take sibutramine will have unaccep-
table increases in blood pressure and for them, the medication should be
stopped.

Orlistat (Xenical ')

Orlistat is a potent selective inhibitor of pancreatic lipase that reduces
intestinal digestion of fat. The drug has a dose-dependent effect on fecal
fat loss, increasing it to about 30% of ingested fat on a diet that has 30%
of energy as fat (37). Orlistat has little effect in subjects eating a low-fat diet,
as might be anticipated from the mechanism by which this drug works (37).
A number of long-term clinical trials with orlistat lasting six months to
four years have been published, and these have been reviewed recently (38).
The results of one two-year trial are shown in Figure 5 (9). The trial
consisted of two parts. In the first year patients received a hypocaloric diet
calculated to be 500 kcal/day below the patient’s requirements. During the
second year the diet was calculated to maintain weight. By the end of year
one the placebo-treated patients lost —6.1% of their initial body weight and
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Figure 5 Orlistat and body weight change over two years of treatment. A total of
743 patients were randomized to receive either orlistat 120 mg three times daily or
placebo for the first year and were then re-randomized to the same groups for a
second year. Following the four-week single-blind (SB) run in, the first double-blind
(DB) period utilized a diet that was calculated to be 600 kcal/day below mainte-
nance, and the second DB period used a diet that was intended to maintain body
weight. Source: From Ref. 39.
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the drug-treated patients lost —10.2%. The patients were re-randomized at
the end of year one. Those switched from orlistat to placebo gained weight
from —10% to —6.0% below baseline. Those switched from placebo to orli-
stat lost from —6% to —8.1%, which was essentially identical to the —7.9% in
the patients treated with orlistat for the full two years.

In a second two-year study, 892 patients were randomized (40). One
group remained on placebo throughout the two years (n %4 97 completers)
and a second group remained on orlistat 120 mg three times a day for two
years (n % 109 completers). At the end of one year, two-thirds of the group
treated with orlistat for one year were changed to orlistat 60 mg three times
a day (n % 102 completers) and the others to placebo (n %4 95 completers) (40).
After one year, the weight loss was —8.67 kg in the orlistat-treated group and
—5.81kg in the placebo group (p < 0.001). During the second year, those
switched to placebo after one year reached the same weight as those treated
with placebo for two years (—4.5% in those with placebo for two years and
—4.2% in those switched from orlistat to placebo during year two).

In a third two-year study, 783 patients enrolled in a trial where, for
two years, they remained in the placebo group or one of two orlistat-treated
groups at 60 or 120 mg three times a day (40,41). After one year with a
weight loss diet, the completers in the placebo group lost —7.0kg, which
was significantly less than the —9.6 kg in the completers treated with orlistat
60 mg thrice daily or —9.8 kg in the completers treated with orlistat 120 mg
thrice daily. During the second year when the diet was liberalized to a
“‘weight maintenance’’ diet, all three groups regained some weight. At the
end of two years, the completers in the placebo group were —4.3 kg below
baseline, the completers treated with orlistat 60 mg three times daily were
—6.8 kg and the completers treated with orlistat 120 mg three times daily
were —7.6kg below baseline.

Another two-year trial that has been published was carried out on
796 subjects in a general practice setting (42). After one year of treatment
with orlistat 120 mg/day, completers (n'% 117) had lost —8.8 kg compared
to —4.3 kg in the placebo completers (n % 91). During the second year when
the diet was liberalized to ‘‘maintain body weight,”” both groups regained
some weight. At the end of two years, the orlistat group receiving 120 mg
three times daily was 5.2kg below their baseline weight compared to
—1.5kg for the group treated with placebo. The percent change in body
weight over two years of orlistat at 60 and 120 mg is depicted in Figure 6
which represents pooled data from multiple studies extracted from the inte-
grated database of volunteers treated in a general practice setting.

Weight maintenance with orlistat was evaluated in a one-year study
(43). Patients were enrolled who lost more than 8% of their body weight
over six months eating a 1000 kcal/day (4180 kJ/day) diet. The 729 patients
were one of four groups randomized to receive either placebo or 30, 60, or
120 mg of orlistat three times a day for 12 months. At the end of this time
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Figure 6 Orlistat in primary care practices. Percent change from initial body weight
over two years of treatment. Data derived from an integrated data base. Source:
From Ref. 37.

the placebo-treated patients had regained 56% of their body weight, com-
pared to 32.4% in the group treated with orlistat, 120 mg three times a
day. The other two doses of orlistat were not statistically different from
placebo in preventing the regain of weight.

The modest weight reduction observed with orlistat treatment may
have a beneficial effect on lipids and lipoproteins. Orlistat seems to have
an independent effect on LDL cholesterol. From a meta-analysis of the data
relating orlistat to lipids in five double-blind, randomized, placebo-con-
trolled studies, orlistat-treated subjects had almost twice as much reduction
in LDL cholesterol as their placebo-treated counterparts for the same
weight loss category reached after one year (44).

One study is representative of the effects of orlistat on weight loss and
on cardiovascular risk factors, particularly serum lipids, in obese patients
with hypercholesterolemia (45). The main findings were that orlistat pro-
moted clinically significant weight loss and reduced LDL-C in obese patients
with elevated cholesterol levels more than could be attributed to weight loss
alone. Another study, the ObelHyx study, demonstrates an additional 10%
LDL-C lowering in obese subjects with baseline elevated LDL-C levels com-
pared to placebo (46).

Orlistat’s independent cholesterol-lowering effect probably reflects a
reduction in intestinal absorption of cholesterol. Since lipase inhibition by
orlistat prevents the absorption of approximately 30% of dietary fat, the
prescribed diet of 30% of energy from fat would thus become in effect a
20% to 24% of available fat in the diet when associated with orlistat treat-
ment. It has been hypothesized that inhibition of gastrointestinal lipase
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activity may lead to retention of cholesterol in the gut through a reduction
in the amount of fatty acids and monoglycerides absorbed from the gut,
and/or may lead to sequestration of cholesterol within a more persistent oil-
phase in the intestine. Partial inhibition of intestinal fat and cholesterol
absorption probably leads to decreased hepatic cholesterol and saturated
fatty acid concentration, upregulation of hepatic LDL receptors, and
decreased LDL-C levels.

The orlistat-treated subjects in trials lasting for at least one year were
analyzed by Heymsfield et al. (47), who found that orlistat reduced the con-
version of impaired glucose tolerance (IGT) to diabetes and that the transi-
tion from normal to impaired glucose tolerance was also reduced in subjects
treated with orlistat for one year. In orlistat-treated subjects the conversion
from normal glucose tolerance to diabetes occurred in 6.6% of patients,
whereas approximately 11% of placebo-treated patients had a similar wor-
sening of glucose tolerance. Conversion from IGT to diabetes was less fre-
quent in orlistat-treated patients than in placebo-treated obese subjects, by
3.0% and 7.6%, respectively (47). Although these data are based on a retro-
spective analysis of one-year trials in which data on glucose tolerance was
available, it shows that modest weight reduction—with pharmacother- apy—
may lead to an important risk reduction for the development of type
II diabetes.

One study randomized 550 insulin-treated patients to receive either
placebo or orlistat 120 mg three times a day for one year (48). Weight loss
in the orlistat-treated group was —3.9 +0.3% compared to —1.3 +.0.3%
in the placebo-treated group. Hemoglobin Alc was reduced —0.62% in
the orlistat-treated group, but only —0.27% in the placebo group. The
required dose of insulin decreased more in the orlistat group, as did plasma
cholesterol (48).

Orlistat, in a study in patients with diabetes, improved metabolic con-
trol with a reduction of up to —0.53% in hemoglobin Alc (HbAlc) and a
decrease in the concomitant ongoing antidiabetic therapy, despite limited
weight loss (29). Independent effects of orlistat on lipids were also shown
in this study (29). Orlistat also has an acute effect on postprandial lipemia
in overweight patients with type 2 diabetes. By lowering both remnant-like
particle cholesterol and free fatty acids in the postprandial period, orlistat
may contribute to a reduction in atherogenic risk (49).

The longest clinical trial with orlistat is the Xenical Diabetes Outcome
Study (XENDOS) (50). In this four-year randomized, placebo-controlled
clinical trial 1640 patients were assigned to received orlistat 120 mg three
times daily plus lifestyle and 1637 patients to receive matching placebos plus
lifestyle. The study enrolled Swedish patients with a BMI ¢ 30 kg/m” with
normal or impaired glucose tolerance (21%). More than 52% of the orlistat
and 34% of the placebo-treated patients continued to adhere to the clinical
protocol. The patients receiving orlistat were —6.9 kg below their baseline
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weight by the end of year 4 compared to —4.1 kg for the placebo-treated
group (p < 0.001). Cumulative incidence of diabetes was 9.0% in the
placebo group and 6.2% in the orlistat group, a 37% reduction in relative
risk. Xendos provides evidence, not only of therapeutic benefit in terms of
diabetes risk reduction, but also that long-term clinical trials of anti-obesity
drugs can be successfully implemented.

Orlistat is not absorbed to any significant degree and its side effects are
thus related to the blockade of triglyceride digestion in the intestine (37).
Fecal fat loss and related GI symptoms are common initially, but subside
as patients learn to use the drug (38,39). During treatment, small but signifi-
cant decreases in fat-soluble vitamins can occur although these almost always
remain within the normal range (51). However, a few patients may need
supplementation with fat-soluble vitamins that can be lost in the stools. Since
it is impossible to tell a priori which patients need vitamins, we routinely pro-
vide a multivitamin with instructions to take it before bedtime. Absorption of
cyclosporin may also be significantly affected by orlistat.

Combining Orlistat and Sibutramine

Since orlistat works peripherally to reduce triglyceride digestion in the GI
track and sibutramine works on noradrenergic and serotonergic reuptake
mechanisms in the brain, their mechanisms do not overlap at all and com-
bining them might provide additive weight loss. To test this possibility
Wadden et al. (52) randomly assigned patients to orlistat or placebo in addi-
tion to sibutramine, following a year of treatment with sibutramine alone.
During the additional four months of combination treatment there was
no further weight loss. This result was a disappointment, but additional stu-
dies are obviously needed before firm conclusions can be made about com-
bining therapies.

MEDICATIONS USED IN OBESITY MANAGEMENT, BUT WHICH
DO NOT HAVE AN FDA-APPROVED INDICATION

Topiramate

Topiramate is a neuropsychiatric agent approved for treatment of certain
forms of epilepsy, either as monotherapy and in combination with other
antiepileptic drugs. Topiramate is a carbonic anhydrase inhibitor that also
affects the GABA, receptor.

In a pooled analysis of a number of epilepsy trials, topiramate was
shown to produce progressive weight loss over 18 months which was main-
tained for the 24 months of observation (53). Patients who had baseline
weight exceeding 100 kg lost proportionally more weight compared to those
with normal weight (53).
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A prospective observational study of topiramate was performed in
patients with epilepsy who were taking at least one antiepileptic medication,
and provided an opportunity to observe weight effects of the drug (54). Of
49 patients who enrolled, 11 withdrew because of adverse events or because
of subject choice (4,7). There were 38 who completed one year of topiramate
exposure. The mean topiramate dose for completers was 129 mg/day. In
those 38 subjects, there was —7.3% reduction in body weight at one year.
The proportional weight loss was greater in the eight obese subjects
(—=11% from baseline). Patients lost more body fat than lean mass, as
assessed by dual emission X-ray absorptiometry. In patients who lost
weight, body fat mass was reduced —14.7% at one year, while lean body
mass was only reduced —4.8%.

A number of clinical trials with topiramate were begun, but were
stopped while in progress in order that the formulation of the drug could
be reevaluated. To date, only one of these studies has been published (55).
In that multicenter, placebo-controlled, dose-ranging study, topiramate
was given for six months to 385 obese patients at doses of 64, 96, 192, or
384 mg daily. Figure 7 shows the weight loss results for completing subjects
in this study. The mean percent weight loss in an intention to treat, last
observation carried forward are more modest; at six months weight loss
was —2.6% for placebo, —5.0%, —4.8%, —6.3%, and —6.3%, respectively, for

—&—Placebo
-6 11 -m-64mg/d

Weight Loss (%)
&

7 —A— 96 mg/d
2192 mg/d
-8 1| 384 mg/d
-9
-10 . . . ,

0 2 4 6 8 10 12 14 16 18 20 22 24
Weeks of Treatment

Figure 7 Topiramate dose-ranging study. Percent body weight change over time for
subjects who completed the 24-week study. Topiramate produced significantly
greater weight loss than placebo; the two higher doses were similar but significantly
greater than the two lower doses. Source: From Ref. 55.
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the 64, 96, 192, and 384 mg doses. While this weight loss pattern is relatively
modest, the drug would be expected to show additional weight loss for up to
18 months, if the earlier clinical observation is correct (53).

While the clinical observations of weight loss with topiramate show
promise, safety and tolerability are important. The chief safety issues with
the medication are acute glaucoma, renal stones, and cognitive impairment
(discussed below). Acute glaucoma is an extremely rare side-effect signaled
by visual impairment and requires immediate cessation of the drug and
opthalmalogical management for preservation of vision. Because topiramate
is a carbonic anhydrous inhibitor, taste perversions (with carbonated
drinks) are to be expected, as are paresthesias and increased risk for renal
calculi.

Central nervous system symptoms are the most worrisome aspect of
developing topiramate for an obesity indication. Cognitive impairment,
described as mental slowing, somnolence or word-finding difficulty are
reported with increased frequency on adverse event reporting forms. In
the topiramate-treated patients in the published six month weight loss study,
the adverse event (AE) reporting prevalence of difficulty with memory was
20% compared to 8% in placebo-treated patients (55). The AE prevalence of
difficulty with concentration was 10% in those treated with topiramate com-
pared to 5% of those treated with placebo. Overall in that study, 21% of
topiramate-treated patients withdrew for adverse events compared to 11%
of those on placebo. To improve tolerance, the manufacturers recommend
slow dose titration. In the published weight loss six month trial, topiramate
was started at 16 mg/day for one week, raised to 16 mg twice a day for week
2, and titrated upward in weekly increments of 32 mg/day until the target
dose was reached (55).

Topiramate has been investigated and shown efficacy in migraine pre-
vention, in bipolar disorder and in binge eating disorders (56-59). Its future
development as an anti-obesity agent is uncertain, as additional longer term
clinical trials have not been initiated.

Despite tolerability issues, interest in topiramate remains strong
among obesity researchers, in part because of the prolonged weight loss
effect of the drug, in part because of its uncertain mechanism of action,
and in part because of its potential independent effect on glycemic control,
which remains an unresolved issue.

Zonisamide

Zonisamide is marketed as an antiepileptic drug, is a sulfonamate derivative,
and is a weak carbonic anhydrase inhibitor, all characteristics similar to
topiramate. In clinical trials in epilepsy patients who took zonisamide in
addition to other epilepsy medications, weight loss was observed as a side
effect (60).
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Figure 8 Zonisamide trial in 60 obese patients. Percent body weight changes from
baseline to week 16 is depicted for obese patients randomized to either zonisamide or
placebo. Data is from a last observation carried forward, intent-to-treat analysis
shows statistically significant weight loss for the zonisamide group. Error bars indi-
cate SE. Source: From Ref. 61.

In a 16-week double-blind randomized clinical trial, Gadde et al. (61)
randomized 60 obese subjects to placebo or 600 mg/day of zonisamide. All
patients were instructed in a 500 kcal/day deficit diet. Figure 8 demonstrates
the weight loss pattern in this study of zonisamide and placebo-treated
patients. During the 16-week double-blind period the zonisamide-treated
patients lost —5.98%, compared to —1.09% in the placebo group. During
the first 16 weeks of treatment, six zonisamide and three placebo subjects
withdrew. Of the zonisamide-treated patients, 19 entered a 16-week single-
blind extension and their mean weight loss was —9.4% at 32 weeks. In terms
of safety, the chief issue was the adverse event reporting of fatigue by 10 in
the zonisamide group and only one in the placebo group. There was also
slight elevation of serum creatinine associated with zonisamide use, from
0.78 to 0.92 mg/dL. Zonisamide has been shown in epilepsy trials to be fre-
quently associated with dizziness, cognitive impairment and somnolence
and, rarely, with kidney stones and hematologic disease.

Antidepressants—Fluoxetine, Bupropion, and Venlafaxine

Most antidepressants are associated with weight gain (62). However,
fluoxetine and bupropion have been evaluated in clinical trials for weight loss
and venlafaxine has weight loss reported as a side effect in its prescribing
information.
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There was initial enthusiasm for fluoxetine as a weight loss agent when
it was shown to produce dose-related weight loss in a small eight-week study
of fluoxetine 10, 20, 40, and 60 mg and placebo (63). However, the weight
loss efficacy was not replicated in a large (458 subject), 52-week, double-
blind, 10-site trial (64). In that study, as shown in Figure 9, fluoxetine,
60 mg daily, was compared to placebo and did not produce a treatment dif-
ference at week 52. There was statistically significant greater mean weight
loss compared to placebo early in the study, but after week 28 there is pro-
gressive weight regain despite continued treatment. While fluoxetine may
play a role in management of depression in obese patients, it is an ineffective
agent for long-term weight management.

Bupropion is a norepinephrine and dopamine reuptake inhibitor with
FDA-approved indications for major depression and smoking cessation.
Sustained-release bupropion has been shown to be associated with weight loss
in overweight and obese subjects treated with the drug for depression (65).

Sustained-release bupropion was evaluated in a multi-center, double-
blind, placebo-controlled randomized trial (66). In that study, there were
327 subjects randomized to placebo, or either 300 or 400 mg of daily bupro-
pion SR. The results are shown in Figure 10. All subjects were randomly
allocated to receive either placebo or active treatments (bupropion SR
300mg/day or bupropion SR 400 mg/day) in a double-blind manner for
24 weeks. Then placebo-treated patients were randomized to either 300 or
400 mg of daily bupropion SR for 24 additional weeks. There was a dose—
response relationship evident with mean weight loss of —7.2% and —10.1%
for bupropion SR 300 and 400 mg, respectively, at 24 weeks. These were net

Weeks Since Study Start
0 4 8 12 16 20 26 36 44 52
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Figure 9 Fluoxetine trial for overweight and obesity. Percent body weight change
over time for obese subjects randomized to daily fluoxetine 60 mg or placebo. After
week 26, there are no statistically significant differences between the treatment
groups. Source: From Ref. 64.
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Figure 10 Bupropion SR and weight loss over 48 weeks. Percent weight loss from
baseline over time is displayed as mean values with SEM. Bupropion SR 400 mg (—)
produced significantly greater weight loss than bupropion SR 300 mg (&) at weeks
24, 26, 30, 36, and 40 and greater weight loss than placebo () at weeks 12, 16, 20,
and 24. Source: From Ref. 66.

—2.2% and —5.1% more than placebo. At 48 weeks, mean weight loss was
—7.5% and —8.6% for bupropion SR 300mg and 400mg, respectively.
The medication was well tolerated in this study with no significant difference
in adverse events across treatment groups. Anxiety or insomnia led to with-
drawal more often with bupropion SR treatment than with placebo, but
these differences were not statistically significant.

Bupropion SR 300 mg/day has been evaluated in 422 obese patients
with depression symptoms (Beck Depression Inventory Score of 10-30) in
a randomized, double-blind, placebo-controlled study (67). Those patients
on bupropion lost more weight at six months (—4.6% mean weight lost from
baseline compared to —1.8% for the placebo group). However, there was no
statistically significant difference between groups in prevalence of patients
reporting € 50% decrease in depressive symptoms. Improvement in depres-
sive symptoms was related to weight loss 5%, regardless of treatment
(p<<0.0001).

In summary, bupropion would seem a good choice for therapeutic
trial in the depressed obese patient, since it has a favorable weight profile.
For obese patients with depressive symptoms, bupropion might also be
beneficial, provided there is a weight loss effect. The chief obstacle to
recommending bupropion for the management of obesity in a general
population would be the lack of an FDA-approved indication for weight
management. Considering the large body of evidence documenting the safe
use of the drug for depression, it is reasonable for clinicians to add it to
the therapeutic tool-box for obesity. Bupropion seems to aid lifestyle
approaches to produce weight loss roughly equivalent to sibutramine

Ex. 6, Page 168
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and orlistat. Clinicians should be familiar with its side effect profile and
prescribe with care. Bupropion should not be given to patients with a
history of epilepsy. Its side effect profile shows increased incidence of
agitation, anxiety, and insomnia.

Venlafaxine (marketed as Effexor) is a reuptake inhibitor of serotonin
and norepinephine, like sibutramine, and has a chemical structure similar to
sibutramine. Venlafaxine is used for treatment of depression. Although
there are no studies of this medication as a weight loss agent, the prescribing
information documents treatment emergent anorexia reported in 11% of
patients treated with venlafaxine and only 2% of those on placebo. A loss
of 5% or more of body weight occurred in 6% of patients treated with venla-
faxine and 1% on placebo. Venlafaxine has a side effect profile similar to
sibutramine (68). Thus, venlafaxine would be among preferred choices for
managing depression in obese patients.

FUTURE DIRECTIONS

Based on an explosion of knowledge regarding the biology of food intake
and energy balance regulation, many pharmaceutical companies are search-
ing for novel obesity drugs. The first of this new paradigm to developing
obesity medications based on biologic advances—Ileptin—has thus far failed
to produce meaningful weight loss in the healthy obese population. Leptin
would seem to be a promising agent for obesity management. It is a peptide
produced in adipose tissue. Leptin mutations result in obesity in animals
and humans and treatment with recombinant leptin reverses obesity in these
individuals (69,70). Leptin levels in the blood are highly correlated with the
amount of body fat. A dose-ranging clinical trial of subcutaneously adminis-
tered recombinant human leptin in obese individuals demonstrated only
modest weight loss at 24 weeks and problems with reactions at the local
injection site (71). The issue in human obesity may be resistance to leptin’s
action, suggesting that this may have limited usefulness in the general popu-
lation of obese individuals.

Axokine is the trade name for a modified form of ciliary neurotrophic
factor (CNTF). It acts through the same janus-kinase-signal for transduction
and translation (JAK-STAT) system that leptin acts through. CNTF will
reduce food intake in animals that lack leptin or the leptin receptors (72).
In a clinical trial for amyotrophic lateral sclerosis, the drug was noted to
reduce weight.

CNTF has been evaluated in a 12-week, double-blind, randomized,
dose-ranging study at seven sites (73). There were 173 patients who received
daily subcutaneous injections of placebo or one of three doses of CNTF
(0.3, 1.0, or 2.0 mg/kg). All patients received instruction in a diet to reduce
daily consumption by 500 kcal. Figure 11 depicts weight loss results. The
mean weight loss over 12 weeks is modest, though statistically significant.
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Figure 11 CNTF treatment for obesity. Data shown are available data as observed
at each time point. Beginning at week 2, the 1.0 mg/kg dosage group was statistically
significantly different from placebo (p Y4 0.02). At day 84, all treatment groups show
a statistically significant difference in weight compared with the placebo group
(p < 0.05). Abbreviation: CNTF, ciliary neurotrophic factor. Source: From Ref. 73.

The chief issues with CNTF as a weight loss agent are that the parenteral
medication invokes antibody formation (in 45-87% of patients in the cited
study). Injection site reactions, nausea and cough, coupled with modest
weight loss, limit the drug’s usefulness in clinical practice.

The next medication expected to make it to market based on the ‘‘new
biology” of food intake and energy balance regulations is rimonibant.
Endocannabinoids may be involved in the regulation of food intake. Early
results of two clinical trials of rimonibant have been posted on a website
(74). Rimonibant is the first of a new class; CB1 blockers. This agent selec-
tively blocks the CB1 receptor and is proposed to normalize the endocanna-
binoid system. The drug is being evaluated as an aid to both weight loss and
smoking cessation.

The “‘new biology” of obesity has resulted in interest in other therapeu-
tic targets. Several pharmaceutical companies are seeking to identify antago-
nists to the neuropeptide Y (NPY) receptor and agonists of cholecystokinin
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(CCK). Peripheral peptides such as ghrelin and peptide yy (PPY) are other
promising targets.

SUMMARY

At present only two drugs are approved for long-term treatment of obesity.
Sibutramine inhibits the reuptake of serotonin and norepinephrine. In
clinical trials it produces a dose-dependent 5% to 10% decrease in body
weight. Its side effects include dry mouth, insomnia, asthenia, and constipa-
tion. In addition, in clinical trials, sibutramine produces a small mean
increase in blood pressure and pulse that mandates attention to blood pres-
sure monitoring on follow-up visits. Sibutramine is contraindicated in some
individuals with heart disease. Orlistat is the other drug approved for long-
term use in the treatment of obesity. It works by blocking pancreatic lipase
and thus increasing the fecal loss of triglyceride. One valuable consequence
of this mechanism of action is the reduction of serum cholesterol that
averages about 5% more than can be accounted for by weight loss alone.
In clinical trials, it too produces a 5% to 10% loss of weight. Its side effects
are entirely due to undigested fat in the intestine (steatorrhea) that can lead
to increased frequency and change in the character of stools. It can also
lower fat-soluble vitamins. The ingestion of a vitamin supplement before
bedtime is a reasonable treatment strategy when orlistat is prescribed.

Among the medications that have been on the market for more than
30 years, phentermine is still widely prescribed for obesity management,
despite a lack of extensive clinical trial evidence supporting its use.

Several medications that are available and approved by the FDA for
indications other than weight loss are also used in the clinic. Bupropion
has been used widely for management of depression and smoking cessation
when used with a lifestyle approach. It produces weight loss similar to that
of orlistat and sibutramine. Its safety profile is relatively good with chief
concern being its contraindication in seizure disorders.

Topiramate generates interest among clinicians who manage obesity
because of the duration and amount of weight loss, although tolerability
and safety profile limit its usefulness. Cognitive dysfunction, renal calculi,
paresthesias, and acute glaucoma make this medication difficult to employ
in the otherwise healthy obese population.

Other medications may play a role in managing the obese patient;
zonisamide, fiuoxetine, and venlafaxine, were also discussed in this review.

Finally, the future of obesity pharmacotherapy holds promise—and
disappointments, too. While recombinant leptin has not shown efficacy in
the general obese population, and recombinant ciliary neurotrophic factor
shows efficacy only in a subgroup, early results with rimonibant are promis-
ing. Similar successes and failures are almost certainly in store in the
development of additional drugs to treat obesity.
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Abstract

BAYS, HAROLD E. Current and investigational
antiobesity agents and obesity therapeutic treatment targets.
Obes Res. 2004;12:1197-1211.

Public hedth efforts and current antiobesity agents have not
controlled the increasing epidemic of obesity. Investigational
antiobesity agents consist of 1) central nervous system agents
that affect neurotransmitters or neura ion channels, including
antidepressants (bupropion), sdlective serotonin 2c receptor
agonists, antiseizure agents (topiramate, zonisamide), some
dopamine antagonists, and cannabinoid-1 receptor antagonists
(rimonabant); 2) leptin/insulin/central nervous system pathway
agents, including leptin analogues, leptin transport and/or lep-
tin receptor promoters, ciliary neurotrophic factor (Axokine),
neuropeptide Y and agouti-related peptide antagonists, pro-
opiomelanocortin and cocaine and amphetamine regulated
transcript promoters, a-melanocyte-stimulating hormone ana-
logues, melanocortin-4 receptor agonists, and agents that affect
insulin metabolism/activity, which include protein-tyrosine
phosphatase-1B inhibitors, peroxisome proliferator activated
receptor--y receptor antagonists, short-acting bromocriptine (er-
goset), somatostatin agonists (octreotide), and adiponectin; 3)
gastrointestinal-neural pathway agents, including those that
increase cholecystokinin activity, increase glucagon-like pep-
tide-1 activity (extendin 4, liraglutide, dipeptidyl peptidase IV
inhibitors), and increase protein Y'Y 3-36 activity and those that
decrease ghrelin activity, as well as amylin analogues (pram-
lintide); 4) agents that may increase resting metabolic rate
(“selective” B-3 stimulators/agonist, uncoupling protein homo-
logues, and thyroid receptor agonists); and 5) other more
diverse agents, including melanin concentrating hormone an-
tagonists, phytostanol analogues, functiona oils, P57, amylase
inhibitors, growth hormone fragments, synthetic analogues of
dehydroepiandrosterone sulfate, antagonists of adipocyte 11B-
hydroxysteroid dehydrogenase type 1 activity, corticotropin-
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releasing hormone agonists, inhibitors of fatty acid synthesis,
carboxypeptidase inhibitors, indanones/indanols, aminogterols,
and other gastrointestinal lipase inhibitors (ATL962). Findly,
an emerging concept is that the development of antiobesity
agents must not only reduce fat mass (adiposity) but must also
correct fat dysfunction (adiposopathy).

Key words: adiposopathy, insulin, leptin, treatment
target

Introduction

Obesity is the most common metabolic disease in devel-
oped nations. Despite public health education and initia-
tives, its prevalence continues to increase, with >30% of
adults in the United States being obese and >60% of adults
being overweight or obese (1). The World Health Organi-
zation has estimated that worldwide, over one billion adults
are overweight, with at least 300 million of them being
obese (2). The increasing prevalence of obesity among
children and adolescents is aso of great concern (3) and
suggests a likelihood of worsening obesity trends in future
adults. Obesity leads to, or significantly increases the risk
of, comorbidities involving various body systems including
1) cardiovascular [hypertension, congestive cardiomyopa
thy, varicosities, pulmonary embolism, coronary heart dis-
ease (CHD)], 2) neurological (stroke, idiopathic intracra-
nial hypertension, meralgia parethetica), 3) respiratory
(dyspnea, obstructive sleep apnea, hypoventilation syn-
drome, Pickwickian syndrome, asthma), 4) muscul oskeletal
(immobility, degenerative osteoarthritis, low back pain), 5)
skin (striae distensae or “stretch marks,” venous stasis of the

! Nonstandard abbreviations: CHD, coronary heart disease; Gl, gastrointestinal; 5-HT,
5-hydroxytryptamine (serotonin); CNS, central nervous system; GABA, y-aminobutyric
acid; CB, cannabinoid; BBB, blood-brain barrier; JAK/STAT, janus kinase/signal transducer
and activator of transcription; CNTF, ciliary neurotrophic factor; NYP, neuropeptide Y;
AgRP, agouti-related peptide; POMC, proopiomelanocortin; CART, cocaine and amphet-
amine regulated transcript; PYY, protein YY3-36; MC, melanocortin; aMSH, a-melano-
cyte-stimulating hormone; CRH, corticotropin-releasing hormone; PI3K, phosphatidylino-
sitol 3 kinase; IRS-1, insulin receptor substrate; PTP, protein-tyrosine phosphatase; PPAR,
peroxisome proliferator activated receptor; CCK, cholecystokinin; GLP-1, glucagon-like
peptide-1; DPP IV, dipeptidy! peptidase IV; RMR, resting metabolic rate; UCP, uncoupling
protein; BAT, brown adipose tissue; MCH, melanin-concentrating hormone; DHEAS,
dehydroepiandrosterone sulfate.
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lower extremities, lymphedema, cellulitis, intertrigo, car-
buncles, acanthosis nigricans, skin tags), 6) gastrointestinal
(Gl; gastro-esophageal reflux disorder, nonalcoholic fatty
liver/steatohepatitis, cholelithiasis, hernias, colon cancer),
7) genitourinary (stress incontinence, obesity-related glo-
merulopathy, breast and uterine cancer), 8) psychological
(depression and low self-esteem, impaired quality of life),
and 9) endocrine (metabolic syndrome, type 2 diabetes,
dyslipidemia, hyperandrogenemia in women, polycystic
ovarian syndrome, dysmenorrhea, infertility, pregnancy
complications, male hypogonadism) (4).

Therefore, it has been a therapeutic and research goal to
develop strategies to reduce the worl dwide obesity epidemic
(5,6) and a research goa to develop safe and effective
antiobesity drugs, analogous to what has occurred with
hypertension, dyslipidemia, and diabetes (7).

Current Therapies

Amphetamines (dextroamphetamine) have been used as
antiobesity drugs, but can cause unacceptable tachycardia
and hypertension. They aso have a high rate of abuse
potential and do not have a U.S. Food and Drug Adminis-
tration indication for the treatment of obesity. Other sym-
pathomimetic adrenergic agents, including phentermine,
benzphetamine, phendimetrazine, mazindol, and diethylpro-
pion, have less abuse potential than amphetamines; but
these agents may have adverse cardiovascular side effects,
and their indicated use is only short term (~12 weeks) (8)
for the treatment of what is commonly a chronic metabolic
disease. In 2000, the appetite suppressant phenylpropanol-
amine was removed from the over-the-counter market in the
United States because of unacceptable risks of stroke, es-
pecialy in adult women.

Sibutramine is a noradrenaline and serotonin (5-HT) re-
uptake inhibitor drug that has an indication for treatment of
obesity by primarily increasing satiety (although some ther-
mogenic effects may exist as well) (9). Sibutramine-associ-
ated weight loss occurs within the first 6 months of treat-
ment, may be maintained for at least 2 years (10,11), and
may have favorable effects on CHD risk factors, such as
increasing high-density lipoprotein-cholesterol and decreas-
ing triglyceride blood levels (12), as well as improving
glucose control in patients with diabetes (13,14). However,
because patients administered sibutramine may experience
increases in blood pressure and heart rate, sibutraming’s use
is contraindicated in patients with uncontrolled hyperten-
sion, CHD, cardiac dysrhythmias, congestive heart failure,
or stroke (15).

Orlistat, a gastrointestinal lipase inhibitor that impairs the
absorption of dietary fat, has been shown to result in sig-
nificant and sustained weight reduction for at least 2 years
(16) and to favorably affect CHD risk factors. Orlistat may
improve lipid blood levels (17,18), improve glucose metab-
olism in obese patients with and without diabetes (19-21),
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and reduce high blood pressure (22). Orlistat use frequently
results in adverse events including flatus, oily stools, fecal
urgency or fecal incontinence, and abdominal pain, partic-
ularly among patients who do not follow the recommended
low-fat diet. Daily multivitamin supplementation is recom-
mended to prevent the potential of impaired absorption of
fat-soluble vitamins (A, D, E, and K) that may theoretically
occur with long-term use.

Antiobesity Agents that Affect
Neurotransmitters and/or Neural lon
Channels (Table 1)

From a public health standpoint, diet, exercise, lifestyle,
and behavior modifications (23,24) should be the first steps
in obesity management. Avoidance of drugs known to po-
tentially contribute to obesity is another step.

Various drugs and drug classes are known to affect body
weight. Steroid hormones (glucocorticoids, estrogens, pro-
gestins), diabetes therapies (insulin, sulfonylureas, thiazo-
lidinediones), highly active antiretroviral protease inhibi-
tors, B-adrenergic blockers (most commonly described with
nonselective B-blockers such as propranolol), some a-ad-
renergic blockers, and certain antihistamines (diphenhydra-
mine) may increase body weight. Agents that affect the
central nervous system (CNS) may either increase or de-
crease body weight. CNS drugs associated with increased
body weight include some antidepressants [tricyclic antide-
pressants, irreversible monoamine oxides (MAOQ) inhibitors,
mirtazapine, and some selective serotonin reuptake inhibi-
tors (such as paroxetine)], antiserotonin agents (pizotifen),
some antiseizure drugs (valproate, gabapentin, and carbam-
azepine), some psychotropic drugs (clozapine, olanzapine,
risperidone, quetiapine, thioridazine, divalproex, and chlor-
pormazine) (25), and lithium. CNS drugs that may decrease
body weight are described later.

The weight gain and metabolic effects associated with
some of these CNS drugs may be of potential clinical
significance, and monitoring for significant weight gain,
dyslipidemia, and diabetes has been recommended (25). For
example, while it has been suggested that caloric intake may
be decreased with dopamine antagonists such as risperidone
in some patients with Prader-Willi syndrome (26), most
studies have suggested that certain psychotropic drugs (in-
cluding risperidone) are not only associated with weight
gain, but also may be a particular concern in adolescents,
perhaps increasing the risk of type 2 diabetes (27,28).

Thus, it is clinically useful to know the potential for
weight gain or loss when using CNS drugs in the obese
patient (Figure 2). Bupropion is an aminoketone unrelated to
tricyclic antidepressants or selective serotonin reuptake inhib-
itors that seems to be a weak inhibitor of the neurond uptake
of norepinephrine, serotonin, and dopamine and is currently
indicated for the treatment of depression and smoking ces-
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sation. It also has been shown to be effective in promoting
weight loss in clinica trials in patients with or without
depression (29,30). However, the antiobesity effects have
been variable among individual patients, and bupropion
does not currently have a specific indication for weight loss.

Other noradrenaline reuptake inhibitors are also some-
times used as antidepressant agents. GW320659 is a nor-
adrenaline reuptake inhibitor that has undergone evaluation
as both an antiobesity agent and a potential treatment for
attention deficit hyperactivity disorder (31,32).

Dexfenfluramine and fenfluramine were dual 5-HT re-
uptake inhibitors and serotonin-releasing agents that were
not indicated for treatment of depression, but had previously
been used for suppression of appetite as antiobesity drugs.
They were subsequently withdrawn from the market be-
cause of the onset of heart valve abnormalities thought to be
related to the stimulation of peripheral (heart) 5-hydroxy-
tryptamine (5-HT) 2b receptors (7,33,34). Investigational
“selective” 5-HT 2c receptor agonists under development
may induce satiety by selective effects on the hypothalamus
while avoid toxicities to the heart.

Topiramate is a derivative of the naturally occurring
sugar monosaccharide p-fructose and was originaly devel-
oped as a diabetes treatment. Studies have suggested some
potentially favorable effects on glucose tolerance and insu-
lin sengitivity in animals administered topiramate and some
glucose lowering in obese type 2 diabetic patients. How-
ever, direct antihyperglycemic effects of topiramate (inde-
pendent of weight loss) have not been proven clinically, and
topiramate’ s indicated use has been as an antiseizure drug.
Topiramate modulates neuronal sodium and calcium chan-
nels, enhances y-aminobutyric acid (GABA)-coupled ion
channel flux, and blocks glutamate receptors. Topiramate
has been shown to be efficacious in treating binge-eating
disorder (35) and may increase energy expenditure in rats
(36), but the potential for increased energy expenditure in
humans has yet to be proven. A 6-month clinical trial of
topiramate showed weight loss compared with placebo, but
21% of topiramate subjects withdrew because of adverse
events (compared with 11% of placebo-administered pa-
tients) (37). In another trial, after >1 year (60 weeks) of
treatment, topiramate continuously and significantly re-
duced mean body weight and significantly reduced mean
visceral abdominal fat (38). The most common adverse
effects of topiramate include cognitive dysfunction and
(mostly transient) paresthesias, which may be related to the
fact that topiramate is a weak inhibitor of carbonic anhy-
drase (types 2 and 4). A controlled-release formulation is
currently in development that may maintain weight loss
benefits with reduced risk of adverse side effects.

Zonisamide is also an antiseizure drug being evaluated
for potential benefits in treatment of obesity. Zonisamide
has serotonergic and dopaminergic activity and may also
block neurona sodium and calcium channels. In a small
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16-week trial of 60 subjects (92% women) administered a
hypocaloric diet, Zonisamide was shown to result in greater
weight loss compared with placebo, with few adverse ef-
fects (39).

As noted before, antipsychotic drugs functioning as do-
pamine antagonists may be associated with weight gain and
potentially increase the risk of abnormalities in glucose
metabolism. However, not all antipsychotic drugs that have
dopamine antagonist activity are necessarily associated with
weight gain (e.g., ziprasidone and aripiprazole) (25). Ecopi-
pam is a dopamine antagonist that was being evaluated as a
weight loss agent in obese subjects, including patients with
diabetes (31). It is no longer in development as an antiobe-
sity agent.

Finally, cannabinoid (CB) receptors may control neuro-
transmitters, including 1) glutamate and possibly other ex-
citatory amino acids, 2) GABA and glycine and possibly
other inhibitory amino acids, and 3) noradrenaline, 5-HT,
dopamine, acetylcholine, neuropeptides, and possibly other
monoamines (40). Rimonabant is an example of a CB
antagonist that blocks the CB-1 receptor that may be in-
volved with appetite. It was developed through the obser-
vation that cannabis smokers may experience increased
appetite (“munchies’) (41). Rimonabant may increase sati-
ety and cause weight reduction. It is currently under devel-
opment as an antiobesity agent and is being studied in phase
[l clinical trials of over 6000 patients, including patients
with type 2 diabetes (42). Early results suggest favorable
effects on lipids such as triglyceride, high-density lipopro-
tein-cholesterol levels, and small dense low-density lipopro-
tein particles, and a reduction in the number of patients
meeting the criteria for the metabolic syndrome (43).

Investigational Antiobesity Agents that Affect
the Leptin/Insulin/CNS Pathways

Leptin (derived from Greek leptos, meaning thin) is a
hormone produced predominantly by fat cells that normally
circulates and crosses the blood-brain barrier (BBB) (Table
2). In obese humans, leptin blood levels generally correlate
with the amount of fat stored in the body. Leptin stimulates
cytokine or cytokine-like receptors and is sometimes char-
acterized as a cytokine. An important effect of leptin recep-
tor stimulation is the promotion of the janus kinase/signal
transducer and activator of transcription (JAK/STAT) cas-
cade, which is one of the major mechanisms by which
cytokine receptors transduce intracellular signals and is a
pathway that mediates important leptin-induced CNS ef-
fects.

The CNS (especially the hypothalamus) may influence
caloric balance due to actions on 1) feeding through effects
on the CNS neuroendocrine system involved with appetite
and behavior, 2) autonomic nervous system activity through
effects on energy expenditure, and 3) hormone secretion
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Table 1. Examples of antiobesity agents in development

CNS agents that affect neurotransmitters or neural ion channels
Antidepressants (bupropion)
Noradrenaline reuptake inhibitors (GW320659)
Selective 5HT 2c receptor agonists
Antiseizure agents (topiramate, zonisamide)
Some dopamine antagonists
CB-1 receptor antagonists (rimonabant)
Leptin/insulin/CNS pathway agents
Leptin analogues
Leptin transport and/or receptor promoters
CNTF (Axokine)
NPY antagonists
AgRP antagonists
POMC promoters
CART promoters
aMSH analogues
MC4 receptor agonists
Agents that affect insulin metabolism/activity [PTP-1B inhibitors, PPAR vy receptor antagonists, short-acting bromocriptine
(ergoset), somatostatin agonists (octreotide), and adiponectin/Acrp30 (Famoxin or Fatty Acid Metabolic OXidation INducer)]
Gastrointestinal-neural pathway agents
Agents that increase CCK and PYY activity
Agents that increase GLP-1 activity (extendin 4, liraglutide, DPP IV inhibitor)
Agents that decrease ghrelin activity
Amylin (pramlinitide)
Agents that may increase RMR
“Selective” B-3 stimulators/agonist
UCP homologues
Thyroid receptor agonists
Other agents
MCH antagonists
Phytostanol analogues
Functiona oils
P57
Amylase inhibitors
Growth hormone fragments
Synthetic analogues of DHEAS (fluasterone)
Antagonists of adipocyte 11B-hydroxysteroid dehydrogenase type 1 activity
CRH agonists
Carboxypeptidase inhibitors
Inhibitors of fatty acid synthesis (cerulenin and C75)
Indanones/indanols
Aminosterols (Trodusguemine/trodulamine)
Other gastrointestinal lipase inhibitors (ATL962)

CNS, centra nervous system; 5HT 2c, 5-hydroxytryptamine 2c¢; CB, cannabinoid; CNTF, ciliary neurotrophic factor; NPY, neuropeptide
Y; AgRP, agouti-related peptide; POMC, proopiomelanocortin; CART, cocaine and amphetamine regulated transcript; alpha-MSH, apha
melanocyte-stimulating hormone; MC4R, melanocortin-4 receptor; PTP, protein-tyrosine phosphatase; PPAR, peroxisome proliferator
activated receptors; Acrp30, adipocyte complement-related protein of 30kDa; CCK-A, Cholecystokinin-A; GLP-1, glucagon-like peptide-1;
PYY, Protein YY3-36; DPP, dipeptidyl peptidase; RMR, resting metabolic rate; UCP, uncoupling protein; MCH, melanin concentrating
hormone; DHEAS, dehydroepiandrosterone sulfate; CRH, corticotropin releasing hormone.
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Table 2. Examples of select endocrine and metabolic
factors released from fat cells

Examples of hormones released from fat cells*
Leptin
Adiponectin (adipoQ, adipocyte complement-rel ated
protein of 30 kDa)
Resistin
Examples of cytokines released from fat cells*
Tumor necrosis factor-a
Interleukin-6
Examples of other enzymes, molecules, or factors
described as being released from fat cells
Acylation-stimulating protein (ASP)
Adipophilin
Adipsin
Agouti protein
Angiotensinogen
Apolipoprotein E
Endothelin-1
Fasting-induced adipose factor (FIAF)
Cholestery!l ester transfer protein (CETP)
Estrogen
Free fatty acids
Galectin-12
Insulin-like growth factor (IGF-1)
Lactete
Lipoprotein lipase
Macrophage inhibitory factor (MIF)
Metallotionein
Monaobutyrin
Nitric oxide synthase
Phospholipid transfer protein
Plasminogen activator inhibitor (PAI-1)
Prostaglandins |, & F, prostacyclins
Retinol-binding protein
Tissue factor
Transforming growth factor B (TGFg)

* Cytokines are proteins that are secreted by one cell for the
purpose of autocrine effect or paracrine effects, and are often
involved in the inflammatory and immune processes. Adipocyte
hormones are sometimes referred to as cytokines, asthey may have
potential autocrine or paracrine effects or, at least, may result in
subsequent actions that result in autocrine or paracrine effects.

through effects on secretion of growth hormone, thyroid-
related hormones, cortisol, insulin, sex steroids, etc. (44).
Thus, decreased leptin/insulin activity in the CNS may
promote obesity through increased caloric balance as a
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result of effects on 1) the CNS neuroendocrine system, 2)
decreased energy expenditure through targeted sympathetic
nervous system effects on fat, muscle, and liver, and 3)
effects on secretion of hormones, al resulting in positive
caloric balance and weight (fat) gain (Figure 1).

Leptin, in some respects, may be considered a counter-
regulatory hormone that acts in a similar way to that of a
thermostat by signaling the hypothalamus when the body
has too little, sufficient, or too much fat. In fact, direct
administration of leptin into the CNS reduces caloric bal-
ance, with subsequent weight loss that may be caused en-
tirely by loss of fat (45). Thus, with excessive fat, leptin's
signaling to the hypothalamus should theoretically result in
decreased food intake through effects on the brain and
increased energy expenditure through effects on the sym-
pathetic nervous system. This may, in fact, occur in lean
individuals, particularly if they engage in routine physical
exercise. However, this counterregulatory effect clearly
failsto prevent excessive fat accumulation in obese patients,
presumably because obese patients with elevated leptin
blood levels have leptin insensitivity or other circumstances
that overcome or overwhelm leptin’s antiobesity signaling
effects. Administration of more leptin may seem like a
reasonable solution. Unfortunately, while some clinical tri-
als have suggested modest benefit with peripheral leptin or
leptin analogue administration, other studies have been dis-
appointing (46,47).

Nonetheless, other leptin analogues or agonists are un-
dergoing development that may prove to be more effective
than previous preparations or native leptin (48). Leptin
promoters are also in development that may increase pe-
ripheral leptin levels through increased gene expression.
However, smply increasing leptin blood levels might not be
expected to overcome significant “resistance” to leptin as
might occur through 1) impaired leptin transport across the
BBB, 2) impaired leptin receptor-stimulated functions, or 3)
impaired response to leptin-induced hormones/factors. In-
stead, agents that target leptin resistance may prove to be
promising targets in improving leptin’s CNS activity.

Reducing leptin resistance may theoretically be achieved
through improving leptin’s transport across the BBB. Al-
though obese patients frequently have elevated leptin blood
levels, they may not necessarily have elevated leptin cere-
bral spina fluid levels, likely because of 1) decreased trans-
port capacity, 2) partial saturation of the transport mecha-
nism, and/or 3) inability of the leptin transporter to be
up-regulated, all resulting in a limitation of how much
circulating leptin crosses the BBB. Currently, it is not
entirely clear exactly how leptin crosses the BBB. Some
evidence supports an uncharacterized leptin transporter in
the brain capillary endothelium. Leptin BBB transport may
also be augmented through leptin receptor variants or
through leptin receptors themselves. Either way, increasing
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Figure 1: Simplified and illustrative select antiobesity drug targets of the leptin/insulin/CNS pathways. Although circulating levels may be
increased, CNS leptin and insulin activity may be decreased in obese patients. Decreased CNS leptin and insulin activity may increase NPY/AgRP,
decrease POMC and CART, and have other effects (such as decreased aMSH and decreased MC4 receptor activity), leading to positive caloric
balance (fat weight gain). Targets of antiobesity agents include the following: (1) Leptin analogues, leptin gene promoters, leptin-like agonists
(Axokine), leptin BBB transport enhancers, and leptin receptor facilitators; (2) NPY and AgRP antagonists, (3) POMC and CART promoters
(CART peptides); (4) «M SH analogues; (5) MC4 receptor agonists, and (6) agents that favorably affect insulin metabolism/activity. Through these
pathways and other effects, CNS leptin and insulin activity may affect feeding, targeted sympathetic nervous system activity (and thus, influence
energy expenditure), and secretion of various neuroendocrine factorshormones. *NY P, AgRP, POMC, and CART are found in the arcuate nucleus

of the hypothalamus.

leptin BBB transport, or otherwise increasing CNS leptin
receptor activity, may prove to be an important antiobesity
target.

Leptin-like effects may also be increased through ciliary
neurotrophic factor (CNTF). CNTF was first characterized
as a trophic factor for motor neurons in the ciliary ganglion
and spina cord. During its evaluation for potentia treat-
ment of amyotropic lateral sclerosis, CNTF was serendipi-
tously found to result in weight loss. Axokine (Regeneron
Pharmaceuticals, Tarrytown, NY) is a second-generation
variant of CNTF that seems to activate leptin-like postre-
ceptor mechanisms in leptin-resistant animals through
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CNTF receptors in the hypothalamus and is under develop-
ment as an antiobesity agent. Axokine has been shown to
promote weight reduction in early clinical trials (49). A
much larger phase Il study showed that Axokine was
generaly well tolerated, with the main adverse events being
mild injection site reactions, nausea, and cough. The weight
loss achieved by Axokine was limited by the devel opment
of Axokine antibodies. Nonetheless, in the >30% of the
1467 subjects administered Axokine who did not develop
Axokine antibodies, weight loss occurred that was similar to
what has been described with existing antiobesity drugs
(50). Axokine is currently being evaluated to determine
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what type of patients might best achieve weight loss with
this agent, as well as its efficacy in specific patient popu-
lations, including those with type 2 diabetes (51).

Other antiobesity agents undergoing development include
those that affect satiety as agonists and antagonists of hypo-
thalamic hormones involved with food intake signading. De-
creased brain leptin/insulin activity may stimulate the neu-
ropeptide Y (NPY)/agouti-related peptide (AgRP) axis and,
conversaly, decrease the proopiomelanocortin (POMC)/co-
caine and amphetamine regulated transcript (CART) axis, thus
increasing feeding and decreasing energy expenditure. This
promotes positive caloric balance and weight (fat) gain (Figure
1). Conversdly, agents that inhibit NPY and AgRP and/or
stimulate the POMC and CART pathways may help create
negative caloric balance and may decrease weight (fat).

NPY is aneuropeptide produced in the hypothalamus that
is the most abundant neuropeptide in the brain in mammals
and humans. As many as six G-protein—coupled NPY re-
ceptor subtypes have been described (Y1, Y2, Y3, Y4, Y5,
Y 6) (52). NPY shares structural homology with peptide Y'Y
(PYY) from the intestine and pancreatic polypeptide from
the pancreas (53). Both Y1 and Y2 NPY receptors seem to
be involved in feeding and may interact with one another
(53), and these receptors are among the most promising
antiobesity targets. NPY receptor antagonists have been
evaluated and have been shown to inhibit NPY -induced
feeding in animals (52,53). In humans, at least one such
agent has been discontinued because of elevated liver en-
zymes (54). Newer NPY antagonists are in the pipeline of
pharmaceutical companies and are at variable stages of
development as antiobesity agents.

AgRP (also found in the hypothalamus) antagonizes
melanocortin (MC) receptors, such as the MC4 (and
MC3) receptors, which are found only in the brain (55)
(Figure 1). Stimulation of MC4 receptors normally re-
sults in inhibition of feeding. In fact, impaired MC4
activity through MC4 receptor mutations has been de-
scribed to account for 0.5% to 5.8% of severe cases of
obesity (56). AgRP blocks «-melanocyte-stimulating
hormone («MSH)’s effects on MC4 receptors, resulting
in weight gain (and, interestingly, decreased black and
increased yellow fur pigment in mutant agouti strains of
overweight mice that hypersecrete AgRP, which blocks
the stimulation of melanin by aMSH). Inhibiting the
antagonist effects of AQRP might be a promising target in
the development of antiobesity agents.

POMC precursor production is a process that may be
regulated by various hypothalamic hormones, neurotrans-
mitters, and neuropeptides, including sex steroids, glucocor-
ticoids, opioids, dopamine, GABA, corticotropin releasing
hormone (CRH), and even NPY (57). POMC is cleaved to
various derivatives, including an «MSH segment that stim-
ulates M C4 receptors and promotes negative caloric balance
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(weight loss) (Figure 1). Thus, POMC promoters, «MSH
analogues, and MC4 receptor agonists may al prove to be
promising antiobesity agents.

Whileleptin’s CNS signaling is perhaps more effectivein
affecting caloric balance, insulin is also an important circu-
lating hormone with CNS signaling that affects adiposity
(58). Both leptin and insulin 1) have blood concentrations
that frequently correspond to adiposity, 2) enter the CNS by
a receptor-mediated, saturable transport process across
brain capillary endothelial cells (59), and 3) have receptors
located in similar hypothalamic areas. The direct action of
increased leptin and insulin activity to the brain is to de-
crease feeding and increase energy expenditure. Con-
versely, diminished CNS insulin (or leptin) activity in the
brain may promote positive caloric balance and weight (fat)
gain (Figure 1). Thus, there is substantial analogy, redun-
dancy, and, in fact, interaction (“cross-talk”) between CNS
leptin and insulin receptors and activity (58,60).

With regard to signaling, increased leptin receptor activ-
ity seems to propagate pathways, such as 1) the JAK/
STATS3 pathway, which may mediate leptin’s action in the
hypothalamus through effects on NPY and POMC and
possibly other factors (61); 2) the mitogen-activated protein
kinase pathway (60), which may have various effects on cell
(adipose) growth and differentiation, inflammatory re-
sponses (62,63), and increases in plasminogen activation
inhibitor-1 (64); and 3) the phosphatidylinositol 3 kinase
(PI3K) pathway (60), which may affect glucose transport
and endothelial nitric oxide production (65). Similarly, both
the mitogen-activated protein kinase and PI3K pathways are
part of insulin’s cascade effect (65), and insulin may mod-
ulate leptin's signal transduction through JAK/STATS3.
Thus, just as with leptin, CNS insulin activity may affect
feeding (66), autonomic nervous system activity, and hor-
monal secretions.

Leptin binds to the extracellular portion of the leptin
receptor, stimulating intracellular tyrosine kinase enzyme
(JAK2) and promoting the JAK/STAT3 cascade. In an
analogous way, insulin binds to the extracellular domain of
the insulin receptor, which activates intracellular tyrosine
kinase, which, in turn, mediates phosphorylation of the
insulin receptor substrate (IRS-1) protein required for the
propagation of subsequent cascade signaling to enzymes
including PI3K, which, as noted before, is a kinase that may
elicit cell growth and proliferation, differentiation, cell sur-
vival, protein synthesis, and lipid metabolism and which is
also a crucia component of insulin signaling, glycogen syn-
thesis, and glucose transport (through glucose transporter-4).

Leptin resistance associated with obesity results in ele-
vated leptin blood levels. Similarly, insulin resistance re-
sultsin hyperinsulinemia, which also may occur early in the
onset of obesity. Acarbose is an antidiabetes treatment that
improves glucose metabolism, but does not seem to affect
fasting insulin levels (67). While it may not have significant
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benefits in improving weight maintenance after weight loss
in obese patients, acarbose has been associated with modest
weight loss in some clinical trials (68). Metformin also
improves glucose metabolism, but results in reduction in
insulin levels when administered to patients with insulin
resistance. Metformin is commonly associated with weight
loss, at least partially because of a decreasein caloric intake
(69). In contrast to agents that increase insulin sensitivity
with no increase (or perhaps even a decrease) in insulin
levels, antidiabetes drug treatments that may increase insu-
lin levels or increase insulin production (such as insulin
administration or sulfonylureas) are often associated with
weight gain (70). Even without pharmacologically induced
hyperinsulinemia, elevated blood levels of insulin (a growth
factor), as occurs with insulin resistance, are associated with
excessive body weight—particularly central obesity (71).
Thus, improving glucose metabolism through increased in-
sulin sensitivity (which may improve peripheral and central
glucose metabolism) and decreased insulin levels (which
may have advantages with respect to minimizing weight
gain) has been, and may continue to be, a useful treatment
strategy in treating obese patients with type 2 diabetes and
insulin resistance.

Dysfunctional adipose tissue (adiposopathy) is a contrib-
uting cause of insulin resistance in skeletal muscle and liver
(72), which results in an increase in insulin blood levels.
Because adipose tissue may remain relatively sensitive to
insulin in an environment of muscle and liver insulin insen-
sitivity, increased insulin blood levels may further promote
adiposity, potentially further worsen adiposopathy, and in
turn, potentially further worsen insulin resistance. The hy-
perinsulinemia followed by worsening insulin resistance,
followed by even greater hyperinsulinemia, may promote an
“obesity metabolic cycle.” Agents that improve insulin sen-
sitivity and decrease insulin blood levels may prove to be
promising useful antiobesity treatments, particularly in pa
tients with type 2 diabetes or insulin resistance.

An illustrative example would be patients with type 2
diabetes who have impaired insulin-stimulated glucose
transport largely because of a marked reduction in IRS-1
protein activity. Inactivation of IRS-1 may occur through
protein-tyrosine phosphatase (PTP)-1B, which is a key en-
zyme involved in regulation of the reversible tyrosine phos-
phorylation. PTP-1B inactivatesinsulin receptors by remov-
ing phosphates from active insulin receptors and IRS-1. The
effects of insulin are reduced, contributing to insulin resis-
tance/intolerance, promoting the metabolic syndrome, and
potentialy leading to type 2 diabetes itself. Interestingly,
PTP-1B may also dephosphorylate JAK/STATS3, decreasing
leptin’s effects and potentially contributing to leptin resis-
tance as well (73).

PTP-1B levels have reportedly been found to be in-
creased in patients with insulin resistance. Reducing the
production or activity of PTP-1B may increase insulin sen-
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sitivity, reduce insulin levels, and, thus, reduce the obesity
metabolic cycle of hyperinsulinemia-stimulated fat increase
and may even increase energy expenditure, which would all
be favorable effects in obese patients. A novel approach in
accomplishing this may be through the development of an
antisense inhibitor of the gene encoding for PTP-1B (74).

Peroxisome proliferator activated receptor (PPAR) activ-
ity may also affect body weight. PPARS are nuclear recep-
torsinvolved in fat and glucose metabolism. PPAR« recep-
tors are preferentialy found in the liver and have
historically been the targets of lipid-altering drugs (fi-
brates), whereas PPARYy receptors are predominantly found
in adipose tissue and have historically been the targets of
type 2 diabetes treatments (thiazolidinediones) (75). How-
ever, this functional delineation of nuclear receptor types
may not be so distinct. Animal studies have suggested that
non-PPARy agonists (i.e., PPAR agonists without -y activ-
ity, such as PPARa and 6 agents) may also result in in-
creased insulin sensitivity and weight loss (75,76).

Although PPARvy activation may reduce insulin resis-
tance, it also promotes the differentiation and proliferation
of adipocytes from fibroblasts, thus causing an increase in
fat that, at least partially, explains some of the weight gain
observed with these insulin-sensitizing drugs. It is theoret-
ically possible that impairing, or in fact reversing, adipocyte
differentiation through PPAR~y antagonism may be the tar-
get for future antiobesity drug development. Mice treated
with PPARy antagonists have shown decreases in triglyc-
eride content in white adipose tissue, skeletal muscle, and
liver. PPARYy antagonists have also been shown to potenti-
ate leptin’s effects, and adiponectin levels may be stimu-
lated, resulting in increase fatty acid combustion and in-
creased energy expenditure. Finally, high-fat diet-induced
obesity and insulin resistance may be decreased as well
(77).

However, there are reasons to be cautious about antago-
nizing the potential beneficial effects of PPARy-stimulated
adipose tissue differentiation and development. An emerg-
ing concept of the pathogenesis of type 2 diabetes is that
dysfunctional adipose tissue (adiposopathy) may contribute
to the pathogenesis of type 2 diabetes through excessive
release of free fatty acids that may be “lipotoxic” to liver,
muscle, and, perhaps, pancreatic 3 cells, resulting in hepatic
and muscle insulin resistance, and, perhaps, diminished
cell function (72). Adiposopathy may also increase adipo-
cyte cytokine release (Table 2), which may contribute to
glucose intolerance, the metabolic syndrome, and type 2
diabetes (75). These abnormalities associated with adipos-
opathy may be corrected with PPARy agonism (72). Thus,
the ensuing fat weight gain that frequently occurs with
PPAR~y agents (thiazolidinediones) could be viewed as a
beneficial effect of the drugs through the recruitment and
differentiation of adipose cells into a more healthy adipose
organ, resulting in reduced circulating free fatty acids, im-
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proved glucose metabolism, and decreased inflammatory
response (72). Antagonism of these PPARYy effects has the
potential to negate these beneficial effects and/or conceiv-
ably worsen adiposopathy, which would theoretically
worsen fatty acid and glucose handling by fat cells, with
potentially undesirable metabolic consegquences.

This is an illustrative example of an important principle
that the devel opment of any effective antiobesity agent must
not only reduce fat mass (adiposity) but must also correct fat
dysfunction (adiposopathy) to maximize metabolic health.

Other potential antiobesity drugs that may improve insu-
lin sensitivity and thus be promising antiobesity targets
include short-acting bromocriptine (ergoset—a dopamine
receptor agonist) (78) and octreotide, a synthetic somatosta-
tin analogue that may 1) inhibit gastrointestinal gastrin and
serotonin, 2) inhibit secretion of growth hormone, insulin,
and glucagons, 3) modulate hiliary and gastrointestinal mo-
tility, and 4) act as a neurotransmitter. Clinical trials of
octreotide have shown efficacy in pediatric hypothalamic
obesity (79,80).

Finally, adiponectin (adipocyte complement-related pro-
tein of 30 kDa) is a hormone produced by fat cells that is
associated with fatty acid oxidation and energy release,
increased insulin sensitivity, and possible antiatherogenic
properties because of favorable effects on endothelial in-
flammation (Table 2). Adiponectin blood levels are de-
creased in obesity and type 2 diabetes. Increasing the ac-
tivity of adiponectin may be a potentia target as an
antiobesity agent, with anticipated favorabl e effects on body
weight, glucose metabolism, lipid blood levels, and reduc-
tion in atherosclerosis (81).

Investigational Antiobesity Agents that Affect
the GI Pathways

Food intake may also be influenced by neural and hor-
monal actions of the GI tract, including the vagus neural
pathways (e.g., stretch and chemoreceptors) and various
endocrine factors (the gut is also among the most active of
endocrine organs). Examples of hormones located in the GI
system that are thought to be most promising as potential
antiobesity targets include cholecystokinin (CCK), gluca
gon-like peptide-1 protein (GLP-1), PYY, and ghrelin (Fig-
ure 2).

CCK is produced in gall bladder, pancreas, and stomach
and concentrated in the small intestine. It is released mainly
in response to dietary fat and functions to regulate gallblad-
der contraction, pancreatic exocrine secretion, gastric emp-
tying, and gut motility. CCK also has central nervous sys-
tem effects that may increase satiety and decrease appetite.
CCK-A (“aimentary”) receptors are aternatively termed
CCK-1 receptors, in part, because some of these receptors
can also be found in the brain. Similarly, CCK-B (“brain”)
receptors are alternatively termed CCK -2 receptors because
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Figure 2: Simplified and illustrative select antiobesity drug targets
of the gastrointestinal/CNS and neurotransmitter/neuronal ion
channel pathways. Postprandial increase in CCK, GLP-1, PYY,
and fasting decrease in ghrelin activity may decrease feeding.
Submaximal activity or decreased effectiveness of CCK, GLP-1,
PYY, or an increase in ghrelin may result in positive caloric
balance (fat weight gain). Targets of antiobesity agents include the
following: (1) ghrelin antagonism (or gastric bypass); (2) CCK
agonism; (3) GLP-1 agonism (extendin 4, liraglutide, DPP 1V
inhibitors); and (4) PYY agonism. CNS drugs that may decrease
appetite through a variety of effects on neurotransmitters, neuronal
ion channels, and possibly other pathways, include the following:
some antidepressants (bupropion), some noradrenaline reuptake
inhibitors, selective 5SHT receptor agonists, some antiseizure drugs
(topiramate, zonisamide), some dopamine antagonists, and CB 1
receptor antagonists (rimonabant).

some of these receptors are also found in the Gl/alimentary
system. CCK receptor agonism inhibits gastric emptying
and primarily increases central signaling of satiety through
vagal afferent signals to the brain resulting in short-term
inhibition of food intake. Increasing CCK activity is being
evaluated as a potential antiobesity and antidiabetes treat-
ment target (82) (Figure 2).

GLP-1is an insulinotropic peptide gut hormone (incretin
hormone) produced mainly in the distal ileum and colon that
delays gastric emptying, inhibits glucagon secretion, stim-
ulates glucose-induced insulin secretion (possibly through
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restored pancreatic B cell sensitivity to exogenous secreta-
gogues), increases insulin sensitivity, delays or prevents the
decay in pancreatic 8 cell insulin production, improves
glucose blood levelsin patients with diabetes, and increases
satiety. Thus, GLP-1 is another promising target for antidia-
betes and antiobesity agents (83). GLP-1 agonism may be
achieved through direct administration of analogues. Ex-
tendin-4 (exenatide) is a potent and long-acting GLP-1
analogue [originating in the saliva of Heloderma suspectum
(Gila monster lizard)] that may not only inhibit gastric
emptying and increase central signaling of satiety, but may
also have favorable effects in the treatment of type 2 dia-
betes (84). Liraglutide is also a long-acting derivative of
GLP-1 (85) (Figure 2).

Normally, the enzyme dipeptidyl peptidase IV (DPP V)
rapidly inactivates GLP-1. DPP IV inhibitors increase en-
dogenous GLP-1 levels and are being evaluated as an an-
tidiabetes agent in overweight patients with diabetes
(83,86,87); however, it remains to be shown that these oral
agents result in the same degree of weight loss as achieved
with the GLP-1 injectable analogues.

PYY is ahormone shown to have postprandial secretion
by intestinal cells that may signal satiety in the hypothala-
mus possibly through a decrease in NPY and an increase in
POMC activity. Administration of PYY before meals has
been shown to result in decreased food consumption after
meals in humans (88), presumably because it provides the
same sense of satiety as a postprandial snack. It has, thus,
been characterized as a “third-helping hormone,” in that it
has been shown to result in diminished postprandial “ snack-
ing” after meals (Figure 2).

The peptide hormone ghrelin is synthesized in the
stomach (as well as intestine, pituitary, and possibly
hypothalamus) and may activate the growth hormone
secretagogue receptor. (The “gh” portion of ghrelin orig-
inates from growth hormone.) With decreased food in-
take in animals and humans, ghrelin secretion may in-
crease and stimulate food intake. Thus, the “drive to eat”
after dieting may be partially because of ghrelin secre-
tion. Reducing ghrelin activity may reduce the “drive to
eat,” and, in fact, it has been suggested that it is the
reduction in ghrelin that partially accounts for the effec-
tiveness of gastric bypass surgery. Therefore, ghrelin
antagonism may potentially decrease or at least blunt the
increased appetite that may occur with decreased feeding
and, thus, be a potential adjunctive treatment for obesity
(89,90) (Figure 2).

Finally, amylin is a peptide secreted by the pancreas in
response to nutrients and other insulinogenic stimuli. Amy-
lin is a neuroendocrine hormone (91) that may be a prom-
ising antiobesity or antidiabetes treatment target. Pramlint-
ide is a subcutaneously administered synthetic analogue of
amylin that is currently in development as a possible ben-
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eficial adjunct to insulin. It has been shown to improve
blood sugar control and reduce weight among patients with
type 2 diabetes (92-94).

Investigational Antiobesity Agents that May
Increase Resting Metabolic Rate

Increasing energy expenditure through physical activity,
or through an increase in resting metabolic rate (RMR)
and/or thermogenesis, is another important part of the equa-
tion in achieving weight reduction in obese patients. Unfor-
tunately, long-term compliance and commitment to routine
physical exercise frequently does not occur. Therefore, the
target of some investigational antiobesity drugs is to in-
crease RMR and/or thermogenesis.

B-Adrenergic agonists selective for 83 receptors in adi-
pose tissue may increase heat production through effects on
fat cell mitochondria and, thus, theoretically increase RMR
and reduce body fat (95). Unfortunately, early clinical trials
have suggested that “selective” B3 receptor agonists have
not always been so “selective” and stimulate other 3 recep-
tors, including the B1 receptors in the heart, resulting in
tachycardia. Nonetheless, studies continue in pursuit of
selective agents that can promote fatty acid oxidation, es-
pecialy in adipose tissue, while avoiding adverse cardio-
vascular effects.

Similarly, uncoupling protein (UCP) homologues are be-
ing developed that may increase thermogenesis. The mito-
chondria are the intracellular furnaces where fuels derived
from fatty acids and glucose are oxidized (45). Energy is
either stored (through creation of ATP through a respiration
process coupled with oxygen consumption) or released as
heat (not linked to ATP production and not coupled to
oxygen consumption). UCP-1 is found in brown adipose
tissue (BAT) (whose color is caused by the rich vascular-
ization and densely packed mitochondria). BAT is present
in small amounts at birth but is an important contributor to
thermogenic responses and thermoregulation, as might be
beneficial after birth when emerging from a warm, isother-
mic uterine environment to the colder outside world. In
adults, UCP-1-associated BAT is negligible. However, the
UCP-2, asfound in adult white adipose tissue, is ubiquitous,
whereas UCP-3 is found in skeletal muscle (96). UCPs
serve as transporters of cations and, perhaps, anions across
the mitochondrial membranes, reducing ADP phosphoryla-
tion, decreasing ATP energy storage, and increasing energy
expenditure in the form of heat (referred to as “uncou-
pling”), and thus may increase thermogenesis. UCP-acting
agents may be antiobesity targets.

Thyroid hormone is aso known to increase thermogene-
sis. However, because of its potential adverse side effects at
superphysiologic doses (cardiovascular toxicity, myopathy,
and potential acceleration of osteoporosis), thyroid hormone
is contraindicated as a treatment specifically for obesity
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aone. Agents that target certain actions at the thyroid hor-
mone receptor, while at the same time avoiding the unde-
sirable side effects of current thyroid hormone drugs, are
under development as an adjunct in the treatment of obesity
and, potentially, dyslipidemia (97). However, an efficacy
focus of thyroid receptor agonists would be to ensure that
weight loss is predominantly fat, rather than lean body
tissue loss, including muscle and bone.

Finally, other previously mentioned agents (such as adi-
ponectin) may increase energy expenditure in animals (98)
but have yet to be proven to do so in humans, or at least, yet
to be proven to do so to a clinically significant extent.

Other Investigational Antiobesity Agents

Melanin-concentrating hormone (MCH) may increase
food intake by its interaction with the G-protein—coupled
receptor (somatostatin-like receptor). MCH receptor (soma-
tostatin-like receptor) antagonism has been shown to inhibit
food intake in rats and may also have antidepressant and
anxiolytic effects as well. Thus, MCH receptor antagonism
may prove to be an important target for antiobesity drug
development (99).

Certain “natural” or nutraceutical analogues also have
been suggested to have favorable effects on weight reduc-
tion. These include phytosterol analogues (including diso-
dium ascorbyl phytostanol phosphate) (75,100), functional
oils'/medium-chain fatty acids (75,101-105), P57 [a cactus
extract that is consumed by African tribesmen to decrease
hunger during long hunting trips] (106), and various amy-
lase inhibitors that may be derived from wheat and beans
(107,108).

Last, a remaining diverse group of antiobesity drugs are
currently under development. Administration of growth
hormone to growth hormone-deficient patients may result
in an increase in lean body mass with reduction in fat mass.
Particularly in patients with Prader-Willi syndrome, growth
hormone administration has been shown to result in sus-
tained fat use and physical strength (109). However, the
beneficial effects of intact growth hormone on obesity may
be limited (110). Intact growth hormone may also induce
insulin resistance. It is, therefore, possible that the develop-
ment of growth hormone fragments (with predominant ac-
tivity directed at fat) may preserve or potentially improve
lean body mass benefits without adversely affecting glucose
metabolism (111,112).

Other novel agents under investigation as antiobesity
treatment targets include steroid drugs, including fluaster-
one, which is a synthetic analogue of the adrenal steroid
hormone dehydroepiandrosterone (DHEAS). DHEAS has
been proposed, but not proven, to increase mitochondrial
respiration, augment thyroid hormone function, and possi-
bly influence peroxisome proliferation (113); its question-
able and potential benefits in patients await the outcomes of
long-term clinical trials (114). Other novel agents are the
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antagonist of adipocyte 113-hydroxysteroid dehydrogenase
type 1 activity (pharmaceutical agents or possibly through
magnolia officinalis bark extract), which is an enzyme sug-
gested to contribute to visceral obesity, as well as the
metabolic syndrome (115,116); agonists of the catabolic
corticotropin releasing hormone or factor (CRH) molecule
(animal studies have shown that human CRH increases
thermogenesis, increases fat oxidation, and decreases food
intake) (117); agents that decrease carboxypeptidase activ-
ity (an enzyme necessary for proteolytic processing and,
thus, biosynthesis of insulin, MC, and NPY) (118,119);
inhibitors of fatty acid synthesis (cerulenin and C75)
(120,121); and a diverse variety of compounds, including
indanones/indanols (122), aminosterols (Trodusquemine,
formerly known as trodulamine), and other gastrointestinal
lipase inhibitors (ATL962) (123).

In conclusion, this review has focused on the existing
and some of the more promising investigational antiobe-
sity agents and targets. However, examples of other mol-
ecules, enzymes, and assorted factors being evaluated in
relation to obesity research include adrenomedullin,
adenosine monophosphate-activated protein kinase, apo-
lipoprotein A-1V, attractin, beacon, bombesin, bombina-
kinin M gene associated peptide, calcitonin receptor-
stimulating peptide, dynorphin, endorphin, enterostatin,
fatty acid synthase, feeding circuit-activating peptides,
galanin, galanin-like peptide, gastric inhibitory polypep-
tide, gastrin releasing peptide, glucagons, growth hor-
mone releasing factor, high mobility group protein iso-
form I-C, HS014, JKC363, myostatin, neuromedin B and
U, neurotensin, neuropeptide B and W, orexins, oxytocin,
oxynomodulin, pitiutary adenylate cyclase-activating
polypeptide, perilipin, protein kinase A, resistin, secretin,
somatostatin, thyroid-releasing hormone, tubero-infun-
dibular peptide, and urocortin (124,125). Because studies
in antiobesity research are in such a state of infancy, it is
difficult to determine which of these single treatment
targets, or which combination of treatment targets, has
the best potential to effectively manage the worldwide
epidemic of obesity. Therefore, it isimpossible to predict
at this point which agent or agents will eventually prove
to revolutionize obesity treatment, as occurred when di-
uretics were introduced to treat hypertension, when in-
sulin was introduced to treat diabetes, and when statins
were introduced to treat dyslipidemia (7). However,
given that medical science has almost always risen to and
met epidemic challenges, there is no reason to believe
that such a therapy or therapies are not forthcoming.
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Summary

Ex. 6, Page 194




Outpatient Utilization Data Sources

« SDI Vector One®: National (VONA) & Total
Patient Tracker (TPT)

— National-level projected prescription and
patient-centric tracking service

— 59,000 U.S. retail pharmacies
—>2.0 billion prescription claims per year
—>160 million unique patients
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# of Prescriptions

in Thousands

Outpatient Utilization

Projected Number of Outpatient Dispensed Meridia Prescriptions
(in thousands, add three zeros), 1998-2009 ‘ BVeridia ‘

1,800 -

80.5% decrease from Y1998 (1.3 million Rx) to Y2009 (250,000 Rx)
1,600 - o

1,400
— ~ 9.6 million Rxs dispensed, 1998-2009

1,200 B p—

1,000 =

800

600 - e

400 - _

200

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year
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Outpatient Utilization

Projected Number of Dispensed Meridia Prescription by Prescriber Specialty,
Cumulative Years 1998-2009

General Surgery
1%

Pediatrics
1%

Physician Assistant Others

1% 10%
Cardiol General Practice/Family
ar 1'(;0093/ Medicine and
Psychiatry Osteopathy
44%

1%

Nurse Practitioner /

2%
Endocrinology
3%

Obstetrics/Gynecology
5%

Internal Medicine
31%
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Outpatient Utilization
~ 94,000 patients in Year 2009; 83% female

35,000 Projected Meridia Patient Count, Year 2009
31.0%

30,000 - 29,213

26.1%

25.4% 24,542

25,000 ~ 23,934
20,000 ~

15,000 A

# of Patients

10.9% 11.2%
10,298 10,518

10,000 ~

5,000 - 1.8% 2L
0.1% 1,735 1,936 0.4%
91 336
0 ] | | Hm =
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-79  80-85
Age (years)

*SDI, Total Patient Tracker. Data extracted 7-29-10 and 8-31-10. 6
Files TPEX2608220 1 fferidia year 2009 4-15-10.xls, TPT 2009-2201 meridia age 10yr incr 2009 8-31-10.xIs, TPT 2009-2201 Meridia year 2009

by gender 7-29-10.xls




Outpatient Utilization Data Sources

« SDI Physician Drug and Diagnosis Audit
(PDDA)

— Monthly survey that monitors disease states
and physician intended prescribing habits on
a national-level

— 3,200 panelists, 30 specialties

— Includes diagnoses, patients characteristics,
and treatment patterns
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Physician Reports of Body Mass Index (BMl),
Cumulative Y1998-2009

BMI Associated with Meridia in Ages 0-50 years

BMI 0-18
0%

—

BMI 30+
71%

BMI 19-24
BMI Unspecified 204

11%

BMI 25-29
16%

Underweight BMI: < 18.5
Normal weight BMI:18.5 - 24.9

BMI Associated with Meridia in Ages 51+ years

BMI Unspecified BMI 19-24
14% 2%

BMI 25-29
12%

BMI 30+
72%

Overweight BMI:25 - 29.9
Obesity BMI: 30+

SDI's Physician’s Drug and Diagnosis Audit™ (PDDA). File: PDDA 2009-2201 sibutramine by age 0-50, 51+ BMI 1998-2009.xls 8
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Data Source:
Concurrent Diagnosis Analysis

 Wolters Kluwer SOURCE Lx® database
— Longitudinal patient data source

— U.S. adjudicated medical and prescription claims

« commercial plans, Medicare Part D plans, Cash and
Medicaid claims.

« 4.8 billion paid, non-reversed prescriptions claims linked to
over 172 million unigue prescription patients

e ICD-9 diagnosis history of which nearly 91 million
prescription drug patients are linked to a diagnosis
— The overall sample represents 27,000 pharmacies
(retail/specialty/mail order), 1,000 hospitals, 800
clinics/outpatient facilities, and 80,000 physician
practices.
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Concurrent Diagnosis Analysis

» Obtained the number of unique patients with a
Meridia® prescription claim and concurrent
diagnoses* for one or more of the following:

Ischemic heart disease
Stroke with infarct
Congestive heart failure
Arrhythmia

Hypertension
Diabetes
Lipid disorders

Labeling Recommends Labeling Advised Against

*based on selected ICD-9 codes

10
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Concurrent Diagnosis Analysis, Y2009

Patients with a Meridia claim
n=137,654

Meridia Patients with one or more
documented diagnoses
n = 39,962 (29%)

Ex. 6. Page 203 Wolters Kluwer Health's Source® Lx. CPA tool Years 2007-2009. 11
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Concurrent Diagnosis Analysis, Y2009

Meridia Patients with one or more
documented diagnoses
n = 39,962

Aged 50 years or younger Aged 51 years or older

~ 45% (18,173 patients) ~ 54% (21,659 patients)

*Age is at first claim during calendar year

Ex. 6. Page 204 Wolters Kluwer Health's Source® Lx. CPA tool Years 2007-2009. 12
o %ex%racted March 2010. File: WKCPA 2009-2201 meridia by diag TABLE working file mar10.xls



Projected Patient Counts

Concurrent Diagnosis Analysis

Meridia Patient Counts by Selected Diagnosis Group, Y2009

30,000
65% 63%
A patient may be 2 25,073
25,000 .
counted in more than
one diagnhosis group
20,000
15,000 ~
26%
10,505
10,000 -
9% 11%
4,286
5,000 - ’
3,739 304 :
1,204 <2:6Ls/0
0 ‘ ; ;
Arrhythmia Congestive Diabetes Hypertension Ischemic Heart Lipid Disorders Stroke (infarct)

Heart Failure

Disease
Diagnosis Group

WoltexstkKRage2®dealth's Source® Lx. CPA tool Years 2007-2009. Extracted March 2010.
File: WKCPA 2009-2201 meridia by diag TABLE working file mar10.xls
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Concurrent Diagnosis Analysis
Summary

High rates of concurrency Low rates of concurrency

Ischemic heart disease
Stroke with infarct
Congestive heart failure
Arrhythmia

Hypertension
Diabetes
Lipid disorders

Labeling Recommends Labeling Advised Against

14
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Limitations

e Concurrent Diagnosis Analysis (Wolters Kluwer
Source Lx® CPA):

— Around 30% of patients had medical
diagnoses on outpatient prescription claims
and pharmacy data available for analysis

— Mall order was excluded from this analysis

— Documented diagnoses may be a “rule out”
diagnoses

— Disease severity was not delineated

15
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SUMMARY

Low use in U.S.

Prescribed by General Practitioners, Family and Internal
Medicine

Most prescribers reports were associated with obese
patients

High rates of concurrency: hypertension, diabetes, and
dyslipidemia

Low rates of concurrency: ischemic heart disease,
stroke, CHF, and arrhythmia

Further study with medical records validation is required
to determine the true prevalence of concurrent disease
states and drug use.

16
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SPECIAL REPORT

Pharmacotherapy for Patients With Eating Disorders

by Timothy D. Brewerton, M.D.

Psychiatric Times «May 2004 #Vol. XXI elssue 6

Eating disorders, including anorexia nervosa (AN), bulimia nervosa (BN) and binge-
eating disorder (BED), remain one of the most complex and clinically challenging groups
of mental disorders in our nomenclature. There are no easy solutions, and the bottom line
of this article is that pharmacological agents are not the primary treatment of choice.
Although a number of agents have been found in randomized controlled trials to be
beneficial, they are by and large insufficient as stand-alone treatments. Space does not
allow a comprehensive overview of this topic, but the reader is referred to a recent review
by Steinglass and Walsh (2004). In addition, the revised American Psychiatric
Association practice guidelines for the treatment of eating disorders (APA, 2000) and the
recently released National Institute of Clinical Excellence (NICE) Guidelines (2004) are
useful resources regarding the use of drug therapy within the context of a comprehensive
treatment approach.

Anorexia Nervosa

No pharmacological agents have ever been shown in double-blind, placebo-controlled
trials to significantly improve AN when given outside a structured, inpatient program.
Food remains the "drug of choice" for this population, for reasons that will be elaborated
below. Of course, administering food in the interest of weight restoration is much easier
said than done, given the profound denial and resistance typical of this disorder. There
are a handful of drugs found to be statistically better than placebo in randomized
controlled trials, but there is little clinical significance of these findings. Lithium
(Eskalith, Lithobid) was shown in one controlled trial to be statistically better than
placebo in a small group of patients being treated at the National Institute of Mental
Health on an intensive, highly structured, specialized treatment unit (Gross et al., 1981).
However, the effect was small, and eating disorder specialists generally deem the
potential risks of lithium treatment in this population to be far greater than the possible
benefits, largely due to the danger of lithium toxicity secondary to dehydration and
electrolyte imbalances from starvation, compulsive exercising and/or purging. Another
study found amitriptyline (Elavil) statistically better than placebo for patients who are
both bulimic and anorexic, while cyproheptadine (Periactin) was better for restricting
anorexia (Halmi et al., 1986). However, other studies have had mixed results.
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Although the use of antidepressant medications in AN seems theoretically sound, the
results from randomized controlled trials have been dismal. In addition, the cardiac
effects of tricyclic antidepressants include prolongation of the QT interval, which can
already be prolonged in patients with AN, a setup for sudden death. Selective serotonin
reuptake inhibitors might seem applicable given their safety profile and usefulness in
major depression and obsessive-compulsive disorder, as well as the profound central
serotonergic disturbances reported in AN (Brewerton, 1995; Brewerton and Jimerson,
1996). Fluoxetine (Prozac) has been shown to have absolutely no effect on weight, body
image, anxiety or mood in low-weight patients with AN (Attia et al., 1998). However,
once patients are weight-recovered, one controlled trial indicated that relapse (which is
common) can be significantly reduced with fluoxetine in comparison to placebo,
presumably due to its antiobsessional effects (Kaye et al., 2001).

It is essential for the clinician to understand that the reason fluoxetine, or any monoamine
reuptake inhibitor, cannot work in low-weight patients is because central 5-HT levels are
profoundly depleted in these individuals as a direct result of starvation and weight loss
(Brewerton, 1995; Brewerton and Jimerson, 1996; Kaye et al., 1988). The effectiveness
of SSRIs depends not only on having sufficient central 5-HT available for release and
reuptake-inhibition, but also on essential amino acid precursor (I-tryptophan) availability
(via a balanced meal plan) to allow continued 5-HT-synthesis following weight recovery.
This is well-established as a result of many tryptophan-depletion studies.

There is excitement in the field about the possibility of using olanzapine (Zyprexa) and
other atypical antipsychotics in low-weight patients with AN. Olanzapine acts in part via
postsynaptic 5-HT,-antagonism, so it bypasses the presynaptic apparatus altogether and
does not depend on I-tryptophan availability. Olanzapine's propensity toward enhanced
appetite and weight gain, as well as its antianxiety, antiobsessional and antidepressant
properties, makes it theoretically an excellent drug for AN, especially the restricting
subtype. It also increases sleep and decreases motor activity, thereby conserving energy
expenditure. Open trials and case reports are promising (La Via et al., 2000; Malina et al.,
2003; Powers et al., 2002), but no controlled trials have been completed as of yet. Adult
patients often resist or refuse to take olanzapine because of its weight gain and soporific
effects; however, in children and adolescents, parents can ensure compliance. Very low
doses are usually sufficient to attain the desired effect (i.e., 0.625 mg/day to 5.0 mg/day).
There are no long-term follow-up data, but once weight restoration is achieved,
olanzapine can be tapered and usually stopped as fluoxetine "kicks in" for prophylaxis. If
needed, a very low dose of a relatively weight-neutral atypical antipsychotic agent, such
as quetiapine (Seroquel), ziprasidone (Geodon) or aripiprazole (Abilify) may be a helpful
adjunct as recovery progresses, especially when there is significant comorbidity.
However, this remains speculative and untested, and most patients do not need continued
antipsychotic treatment following full weight recovery. The propensity for olanzapine
and other atypical antipsychotics to induce hyperglycemia, diabetes mellitus and
extrapyramidal side effects certainly requires monitoring and caution, but their use must
be weighed against the significant psychiatric and medical morbidity and mortality
associated with AN.
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Bulimia Nervosa

Although cognitive-behavioral therapy (CBT) is the most empirically validated treatment
for BN (APA, 2000; NICE, 2004), several randomized control trials attest to the
effectiveness of antidepressant medications in reducing binge and purge frequencies in
patients with BN (Steinglass and Walsh, 2004). Such antibulimic effects have been
shown in several studies to be independent of the drugs' antidepressant effects per se. In
general, these studies have several limitations, including short duration (generally six to
eight weeks) and exclusion of patients with major, yet common, comorbidities (e.g.,
mood/anxiety/substance use disorders, suicidality or parasuicidality). Both imipramine
(Tofranil) (Mitchell et al., 1990) and desipramine (Norpramin) have been found to be
effective in short-term, randomized controlled trials. Unlike treatment for major
depression or anxiety disorders, one cannot generalize from one SSRI to another because
not all of them have been studied in BN, and available evidence suggests that they are not
equally effective. The only SSRIs that have been seriously studied in BN using
randomized controlled trials are fluoxetine and fluvoxamine (Luvox). Fluoxetine at 60
mg/day, but not 20 mg/day, was superior to placebo in reducing both binge and purge
frequencies (Romano et al., 2002), so it is important that clinicians treating BN realize
that higher doses (40 mg/day to 80 mg/day) are generally required for an effective
antibulimic response (similar to OCD). On the other hand, fluvoxamine has not been
found to be statistically different from placebo in European randomized controlled trials
(unpublished data), although it may help in relapse prevention (Fichter et al., 1996).

There are no known studies using non-SSRI newer generation agents such as nefazodone
(Serzone), mirtazapine (Remeron) and venlafaxine (Effexor), except bupropion
(Wellbutrin). Although bupropion has been found to be effective in one randomized
controlled trial to reduce bingeing and purging frequency (Horne et al., 1988), the risk of
seizures far outweighs its potential benefits, therefore its use in AN or BN is
contraindicated.

There is one randomized controlled trial using ondansetron (Zofran), a potent 5-HT;
antagonist and antiemetic indicated in the treatment of chemotherapy-induced nausea and
vomiting in patients with cancer (Faris et al., 2000). Ondansetron was found to be
effective in reducing bingeing and purging when compared to placebo. Although this
agent is very costly, it is worth considering in refractory and/or severe cases.

The anticonvulsant topiramate (Topamax) has been recently reported to be effective in
reducing binge and purge frequencies in comparison to placebo (Hoopes et al., 2003).
However, bothersome side effects such as paresthesias, impaired mentation, metabolic
acidosis and oligohydrosis may lessen its usefulness. It appears to be an ideal adjunct
treatment to other mood stabilizers in patients with BN who are also overweight or obese
and have comorbid bipolar disorder and/or migraine.

Naltrexone (ReVia) is a possible adjunct in patients who are refractory to SSRIs,

especially in those with comorbid alcoholism and/or self-injurious behaviors. Although
naltrexone was no better than placebo in one randomized controlled trial in BN (Mitchell
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et al., 1989), a double-blind, placebo-controlled crossover study in patients with AN or
BN showed it to significantly reduce bingeing and purging (Marrazzi et al., 1995).

Binge-Eating Disorder

Like in BN, CBT has been demonstrated in randomized controlled trials to be the
treatment of choice for BED. In two unpublished controlled studies comparing CBT and
fluoxetine, CBT was superior with or without fluoxetine (Devlin, 2002; Grilo et al.,
2002). Cognitive-behavioral therapy has also been combined with fluvoxamine with
better results (Ricca et al., 2001). Nevertheless, randomized controlled trials suggest that
bingeing is reduced by the SSRIs fluoxetine (Arnold et al., 2002), fluvoxamine (Hudson
et al., 1998), sertraline (Zoloft) (McElroy et al., 2000) and citalopram (Celexa) (McElroy
et al., 2003b). Recent results indicate that sibutramine (Meridia) significantly reduces
binge eating and weight in BED in comparison to placebo (Appolinario et al., 2003).
Finally, a randomized control trial found the anticonvulsant topiramate to be effective in
reducing binge eating as well as weight (McElroy et al., 2003a).

Conclusions

Without weight restoration in AN, antidepressants are essentially useless for this
condition, while olanzapine shows some promise in open studies. There is a strong case
for the use of fluoxetine as an adjunct in the treatment of BN, but remission rates are low
in comparison to the effects of CBT. Other SSRIs may be helpful for BED, while
topiramate appears to be effective in both BN and BED. Despite its expense, ondansetron
can be useful in refractory BN, as can naltrexone with or without SSRIs.

Dr. Brewerton is clinical professor of psychiatry and behavioral sciences at the Medical
University of South Carolina and is in private practice in the Charleston area.
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Neurotransmitter Dysregulation in
Anorexia Nervosa, Bulimia Nervosa, and
Binge Eating Disorder

Timothy D. Brewerton

Medical University of South Carolina
Charleston, South Carolina, U.S.A.
Howard Steiger

Douglas Hospital
Montreal, Quebec, Canada

The current system of psychiatric diagnosis, DSM-IV (1), addresses two
official eating disorder (ED) syndromes—anorexia nervosa (AN) and bulimia
fervosa (BN)-—and a third (still provisional) diagnostic entity—binge eating
d}SQI‘del' (BED). However, BED has all but officially been recognized as a
distinct eating syndrome. AN, BN, and BED are all polysymptomatic syn-
i‘:meS, defined by maladaptive attitudes and behaviors around eating,
o lght,. and body image, but typically including “nonspecific” disturbances
.SEIF-lmage, mood, impulse regulation, and interpersonal functioning. All
m;eri _Zy.ndromes are .known to be gssqciated with significant mortality and
5o lc ity, bqth meFllcal and psychiatric (2,3). Despite popular. belie.fs, there
IndeedoféV1qc1ng evidence that cultural factor's alone cause eating Q1sord'e1's.
fong ir’lt uring the past few years (.and especially the last decade) mve.stlga—
Catip d-o the role of neurotransmitters and other neuromodulators in the
& disorders have been highly productive, and have implicated primary
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neurotransmitter disturbances in the etiology of both AN and BN. Furthe,. psmi
more, recent data clearly identify strong genetic factors in AN and BN, Whic}; ‘ | %‘entica
appear to share common genetic vulnerabilities (4,5) linked to ObSGSSiOHality - i dient:
perfectionism, anxiety, and/or behavioral inhibition (6,7). One pOWerfui P N
piece of evidence to support monoamine involvement in the eating disorder using @
is the observation that antidepressant medications can be beneficia] in con. : own ad
trolled studies, not only in BN patients butin recovered AN patients as wel| (8). ~ centrat
However, it is also clear that some disturbances are consequences of the ' measul
abnormal eating practices and nutritional disturbances that characterize thege hydrox
disorders (9), which in turn exacerbate or perpetuate signs and symptomg : DA. Sc
(10). This perspective, taken together with the disorders’ consequences, but nof
challenges, and costs, compels us toward a better understanding of the bio- : and sp
logical mechanisms underlying all stages and types of eating disorders. The : Iy
identification of the psychobiological underpinnings of these conditions may ' been s
be useful in many ways, including the development of improved medical and acid p
psychopharmacological interventions, improved education and psychother- HTP)
apy for patients and their families, and improved prevention efforts at a or d-fe
primary level. chlorc
It must be emphasized that most measurements of neurotransmitter Long
function provide only a glimpse into the state of the organism at that moment. and 3
Sorting out what is trait and what is state related has been a challenging focus inhibi
of neurotransmitter research in the eating disorders. disor
19), 1
MONOAMINES centr
The classical monoaminergic neurotransmitter systems, including serotonin neur
(5-hydroxytryptamine, 5-HT), norepinephrine (NE), and dopamine (DA), nerve
have been fairly extensively studied in the eating disorders using available xetin
techniques in biological psychiatry. Most of these studies have been con- as We
ducted during the active state of illness, during which severe nutritional
compromise may represent an important confound. Dieting and/or semi- tyros
starvation clearly depletes central monoamines and leads to altered neuro- neur
transmitter levels and receptor sensitivity in animals and humans (11-15). To (WB
avoid this problem, a more recent strategy has been to study “recovered”
patients, i.e., AN and BN patients who have attained normalization of eating rem:
and weight, resumption of menses and/or normalization of gonadal hormone
levels, and abatement of typical cognitive features to subclinical levels. This hur
strategy attempts to minimize starvation state-related effects and to reveal plic:
potential trait-related disturbances or vulnerabilities. However, the long-term pati
effects of chronic malnutrition and disordered eating behaviors on the brain this
(similar to substance use disorders) should not be minimized. Studies of met

REFERENCE 15
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transmitter function in at-risk premorbid individuals as well as nonaffected
identical and fraternal twins, siblings, and other first-degree relatives of ED
patients could begin to confirm trait-related disturbances.

Neurotransmitter function in patients with EDs have been investigated
using a variety of existing techniques and methodologies, each of which has its
own advantages and disadvantages. Studies of cerebrospinal fluid (CSF) con-
centrations of the major metabolites have been a popular strategy and include
measures of 5—hydroxyir1doleacetic acid (5-HIAA) for 5-HT, 3-methoxy-4-
hydroxyphenylglycol (MHPG) for NE, and homovanillic acid (HVA) for
DA. Some studies have also examined actual concentrations of 5-HT and NE,
but not DA. Such studies measure transmitter metabolism of the whole brain
and spinal cord and lack any anatomical specificity.

Neuroendocrine and other psychobiological response measures have
been studied following acute challenges with various agents, including amino
acid precursors, €.g., L-tryptophan (L-TRP) and 5-hydroxytryptophan (5-
HTP) for 5-HT, presynaptic receptor agonists, €.g., di-fenfluramine (d/-FEN)
or d-fenfluramine (d-FEN) for 5-HT, postsynaptic receptor agonists, €.g., /1~
chlorophenylpiperazine (m-CPP) for 5-HT, and isoproterenol (ISOP) for NE.

Longer term challenges with receptor antagonists, €.g., antipsychotics for DA
and 5-HT, and antidepressants, especially the serotonin-specific reuptake
inhibitors (SSRIs), also illuminate the role of neurotransmitters in the eating
disorders. Acute amino acid precursor depletion, most notably of L-TRP (16—
19), has been another important source of information about the role of
central 5-HT function in eating and related disorders.

Platelet (PLT) and leukocyte studies are possibly reflective of central
neurotransmitter function but are always at least one step removed from the
nervoussystem, e.g., platelet 5-HT reuptake, *H-imipramine binding, *H-paro-
xetine binding, platelet monoamine oxidase (MAO), platelet 5-HT content,

as well as platelet receptor-mediated aggregation (5-HT; and a-adrenergic).

Plasma concentrations of neurotransmitter precursors, €.g., L-TRP, L-
tyrosine (L-TYR), and their competing large neutral amino acids (LNAAs),
neurotransmitters themselves, e.g.. NE, DA, and whole-blood serotonin
(WBS), as well as the usual metabolites, MHPG, HVA, and 5-HIAA.

Brain imaging receptor-binding studies are a promising avenue but
remain relatively unexplored in the eating disorders.

For each neurotransmitter, the results from controlled studies in
h‘}mans will be reviewed and summarized for both AN and BN. Where ap-
Dhcvable, comparisons between restricting AN patients, bingeing—purging AN
‘t’}?tlents, and normal-weight BN patients will be made. Very little work of

is nature has been done in BED patients but when available will be
Mentioned.
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NOREPINEPHRINE

There are a number of reasons to suspect NE involvement in the eating
disorders. Most notably, NE pathways at the level of the hypothalamus are
known to be involved in the initiation of feeding (20). Disturbances in these
pathways may therefore be involved in the pathophysiology of the profoundly
altered feeding behaviors classically associated with the eating disorders. In
addition, NE’s role in the modulation of mood, anxiety, neuroendocrine
control, metabolic rate, sympathetic tone, and temperature make it a likely
candidate for study (21-26). It has been recognized for some time that low-
weight anorexic patients, and to some degree bulimic patients, have reduced
body temperature, blood pressure, pulse, and metabolic rate (25,27,28).
Investigations in this area have shown that low-weight AN patients have
reduced measures of plasma, urinary, and CSF MHPG (27,29-31). In contrast,
reports of plasma NE levels in the eating disorders has been more variable
(32,33), and this appears to be linked not only to weight but to the stresses
associated with the illness (25). AN patients tend to have higher plasma NE
levels at admission, which then decrease as treatment and weight gain pro-
gresses (25,34).

When ill, BN patients demonstrate lower values of plasma NE at
baseline (21,28) and in response to abstinence (35), standing (36), test meal
challenge (37), and mental challenge (37). They also have other evidence of
blunted sympathetic activation in response to mental stress (38). However,
despite low baseline plasma NE levels, BN patients show normal responses to
exercise (39) but reduced responses to orthostasis (40).

In AN patients, depression has been found to be significantly worse in
those patients with the lowest A change in plasma NE concentrations to
orthostasis (41). Reduced urinary MHPG levels have also been related to the
presence of comorbid major depression (29,42). It is therefore important in
such studies to control for psychiatric comorbidity.

Like the plasma NE studies, CSF NE levels have been reported to be no
different in AN patients than controls at low weight and after short-term
weight gain, but then significantly lower after weight recovery of at least 6
months (26,31,32). In BN patients, reduced CSF NE levels have been reported
during the active state of the illness (23,43). However, upon long-term
recovery, concentrations of CSF MHPG have been reported to normalize
in both AN and BN (7) despite earlier reports of lower levels (32). Given that
CSF NE concentrations have not yet been reported in long-term (>1 yea)
recovered AN or BN patients, the extent to which adrenergic alterations Seefl
in the eating disorders are trait related remains unclear. Nevertheless:
available evidence suggests exquisite sensitivity of this system to malnutrition
or stress.
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Challenge studies using the B-adrenergic agonist isoproterenol in under-
weight anorexic patients revealed erratic secretion of plasma NE in response
to increasing doses (24). Bulimic patients demonstrated significantly in-
creased chronotropic responses to isoproterenol (44). Challenge studies with
adrenergic agents in recovered patients have not been reported.

The number of platelet a, receptors has been reported to be reduced in
both AN and BN compared to controls (33,45), suggesting increased post-
synaptic receptor sensitivity that is probably secondary to dicting or semi-
starvation. In summary, peripheral and central sympathetic nervous activity
is reduced in both AN and BN, although it tends to normalize with recovery.
Taken together, the preponderance of the evidence so far leads to the
conclusion that these changes are a result of chronic starvation or intermittent
dieting (26). However, a trait-related disturbance of the adrenergic system
cannot be ruled out at this time (35).

Studies of adrenergic receptors on human leukocytes have been another
strategy to investigate adrencrgic function in the eating disorders. Buckholtz
et al. (46) reported altered p-adrenergic receptor affinity on circulating lym-
phocytes of BN patients compared to those of controls. However, in a similar
study of a mixed group of eating disorder patients, Lonati-Galligani and
Pirke (40) reported lower receptor number (By,,x) but normal affinity (Ky) in
low-weight AN patients, whereas both measures were no different from
controls in the BN patients and the weight-recovered AN patients. Gill and
colleagues (47) reported differential changes in «- and B-adrenoceptor linked
(PCa*™) uptake in platelets from patients with AN, further documenting an
adrenergic disturbance in eating disorder patients. However, the issue of
cause versus eflect remains unanswered in platelet and leukocyte studies.

DOPAMINE

DA is also suspect in the neuropathophysiology of the eating disorders given
its reported involvement in the regulation of feeding, mood, activity, percep-
tion, sexual/social behavior, hormone and peptide release, and to some extent
aggression (48-51). Notably, DA is involved in the hedonic reward responses
toeating and its maintenance as well as to other pleasurable activities (52-54).

“The majority of studies of DA metabolism in the eating disorders have
COr{Slstently shown that low-weight AN patients have reduced measures of
Peripheral and central DA activity, including decreased plasma (27) and CSF
E\;}?\IG]).‘ In BN patients, reduced CSF HVA levels also have been reported
less Patleqts with frequent bl.nge~purge eplsodes.(23,50) but not in those
CSFsevere]y ill. Furthermore, binge frequency was inversely correlated with

HVA levels in one study (50). Upon long-term recovery, concentrations
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Neurotra

of CSF HVA have been reported to normalize in BN (8), whereas a treng for M
decreased CSF HVA levels persisted in six restricting AN patients compareq EEL.._
to controls and to bingeing and/or purging AN patients (7). This suggests a -

tor
possible trait-related disturbance specific to restricting AN, although thjg Fac. ity/exercise
finding needs replication given the small sample size. These results could also ’é‘gzzlné effects
still be due to nutritional factors given that patients in this study weighed , Mood regulatior
significantly less than those in the BN group and may still have been at the low Hormone reguls
end of the normal weight range. Neuropept“je,[;E

Anecdotal reports of the successful use of dopaminergic antagonists Traun::;’:?:

(typical antipsychotic agents) in the treatment of AN patients (55) have been ;ﬁ::gty

generally followed by equivocal results in controlled studies (56,57). Atypical Blood pressure

antipsychotic agents may show more promise in the adjunctive treatment of Metabolic rate
AN given their combined antidopaminergic and antiserotonergic effects (58— Feeding initiatic
i . . Body image/pet
60}, but the results of placebo-controlled studies remain to be seen. mpulsivity/aggr
Genetic investigations into the role of DA have been limited to the Bal I Sexual behavio
DRD3 receptor polymorphisms in which no differences were found between Feeding mainte
AN patients and controls (61). However, the polymorphisms of other genes Novelty/sensat
coding for DA receptors could be tested. Interestingly, Corcos and colleagues Harm avoidanc

Behavioral inhit
Feeding termin:
Obsessive-com

(62) reported significantly lower IgG and IgM autoantibodies to DA in BN
patients compared to controls. There was also a trend for lower levels of [gM

autoantibodies to DA in the eating-disordered group. The relevance of these Social hierarchy
findings to the pathophysiology of the eating disorders remains uncertain but Gender differer
. . . . Seasonality/ligh
invokes possible autoimmune mechanisms.

Circadian rhyth
Age/developme

SEROTONIN

Several lines of reasoning point to disturbances of S-HT function in the

Ot
pathopliysiology and neuropsychopharmacology of the EDs (8,9,63), includ- decrease
ing serotonin’s role in feeding (64,65}, satiety (66,67), dieting/fasting (11,12), normali
mood regulation (16), anxiety (68), obsessive-cornpulsiveness/perfectionism/ weight r
behavioral inhibition (69), harm avoidance (70,71), impulsivity/aggression reportec
(72,73), motor activity (74,75), gender (76,77), seasonality (66,78,79), body recovery
image/perception (80), and social behavior (81-83) (see Table 1). these fir

Reductions in a variety of 5-HT parameters have been consistently excessiv
reported in low-weight AN patients. Although no significant differences have tions in
been found in absolute plasma L-TRP levels (84-86), the plasma L-TRP/ the path
LNAA ratio is reduced in the low weight state (30,87,88) but normalizes upon furthern
short-term weight recovery (22,30). In BN, Gendal and Joyce (89) reported obsessic
that the L-TRP/LNAA ratio inversely correlated with the desire to binge-eat. status il
In addition, symptomatic bulimic relapse or worsening of symptoms has been anorexic
reported following acute L-TRP depletion in BN (17-19). emissiol
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TABLE 1 Monoamines and the Phenomenology of the Eating Disorders
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Factor

Norepinephrine

Dopamine

Serotonin

Activity/exercise

Fasting effects

Mood regulation

Hormone regulation
Neuropeptide reguiation
Trauma effects
Temperature

Anxiety

Blood pressure/pulse
Metabolic rate

Feeding initiation/hunger
Body image/perception
Impuisivity/aggression
Sexual behavior

Feeding maintenance/hedonic reward
Novelty/sensation seeking
Harm avoidance

Behavioral inhibition
Feeding termination/satiety
Obsessive-compulsiveness/perfectionism
Social hierarchy/rank
Gender differences
Seasonality/light effects
Circadian rhythmicity
Age/developmental effects

XXX XXX XXX XX

XX X X X X

XX X X X

X X X XXX XX X X X X

KX XXX XX XX

Other significant findings include decreased CSF L-TRP levels (90) and
decreased CSF 5-HIAA levels (22,88,91) during low-weight status with
normalization of these levels with short-term weight recovery (STWR, goal
weight maintenance >3 weeks). Strikingly, Kaye and colleagues (69,92) have
reported abnormally elevated CSF 5-HIAA levels following long-term weight
fecovery (LTWR, goal weight maintenance >6-12 months), and interpret
these findings as indicating that AN may correspond to a primary state of
Cxeessive 5-HT tone, which is then masked by malnutrition-induced reduc-
tions in 5-HT activity during active illness. In other words, they propose that
the pathophysiology of AN actually involves a hyperserotonergic trait and,
furthermore, postulate that this trait may correspond to behavioral traits of
Obsessionality and inhibition. Corroborating the notion of hyperserotonergic

st

€

atus %n AN, Kaye and colleagues have noted long-term weight-restored
ano.re‘st to display elevated 5-HT, receptor binding, measured by positron
Mission tomography (PET) (93).




In BN, reduced levels of CSF 5-HIAA are consistently reported only in
the subgroup of patients displaying more frequent binge-purge episode
(23,50). Suggesting a possible link to severity of bulimic Symptomatology
binge frequency has been found to correlate inversely with CSF S-HIAA’
concentrations (50). In a small pilot study, Brewerton and colleagues (94) have
reported no difference in CSF 5-HT levels between BN patients and controls,
However, upon recovery for at least a year, BN patients have been reported to
have elevated CSF 5-HIAA levels compared to healthy controls (95), much Jike
those described earlier as being characteristic of long-term recovereq
anorexics. As in AN, this finding has been linked to obsessive-compulsive
personality traits, perfectionism, and behavioral inhibition, associated with 4
hypothetical tendency toward hyperserotonergic status. However, we note,
that the Kaye et al. study of recovered BN may be confounded by small weight
discrepancies between their (heavier) recovered bulimics and lighter compar-
ison controls. Such weight differentials could underlie discrepant levels of
5-HT metabolism.

Decreased prolactin (PRL) responses following m-CPP (96-98), L-TRP
(96,97), and fenfluramine (FEN) (99-101) have been reported in AN and
indicate an anatomically specific alteration in 5-HT receptor sensitivity at the
level of the hypothalamus, which could conceivably also occur in other brain
pathways (9). Blunting of PRL following m-CPP persists into short-term
weight recovery, although trends toward normalization of PRL responses,
after refeeding and weight gain, have been reported (97). With at least a year of
recovery, neurohormonal responses to m-CPP normalize in restricting AN
patients (92). Apparently, full normalization of PRL responsivity to seroto-
nergic agents occurs after full weight restoration, normalization ol hypothala-
mic-pituitary-gonadal function, and abatement of overt cating disorder
symptoms (7). However, the appetite-suppressing effect of FEN is significantly

diminished in recovered AN patients despite normalization of hormonal
release (102).

Platelet (PLT) studies contribute to the demonstration of serotonergic
dysfunction in AN. Significant increases/reductions in PLT imipramine (IMI)
binding (103), but not PLT 5-HT uptake (103,104) or PLT MAO content (42),
have been reported in low-weight AN patients. However, a more recent study
reported decreased PLT MAO in AN (105), which was inversely correlated
with impulsivity and positively correlated with persistence (which is similar to
rigidity). In a related vein, Finocchiaro and colleagues (106) conducted a novel
study of indole metabolism and reported altered phytohemagglutinin stimu-
lated, light-induced [3H]thymidine incorporation into the DNA of peripheral
blood mononuclear leukocytes in AN patients compared to controls. The
authors concluded that the white cells of AN patients show a failure in the
regulation of 5-HT and melatonin metabolism in response to light.

Brewerton ang Steiger
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Asin AN, neurobiological indices in active BN are often consistent with
reduced 5-HT tone. For example, findings in BN show a consistent pattern of
PRL blunting following m-CPP (107-110), fenfluramine (99,101,111-113),
and 5-hydroxytryptophan (5-HPT) (114), but not L-TRP (9,107). PRL
responses following L-TRP are low only in the BN patients with concurrent
majordepression, again emphasizing the need to control for comorbidity. PRL
responses following m-CPP are inversely correlated to baseline cortisol
(CORTY) (9). Self-reported binge frequency also has been shown to be inversely
correlated to PRL responses following m-CPP (9) and fenfluramine
(101,111,113) in BN patients. Given that this presumed alteration in hypo-
thalamic postsynaptic 5-HT functioning normalizes with recovery from BN
(8,95,115), these serotonergic abnormalities could be understood to be a result
of bingeing, purging, and/or dicting rather than a cause of these behaviors,
although other vulnerabilities of the 5-HT system may also exist and interact
with these psychosomatic behaviors. There is only one serotonergic challenge
study reported in BED (101), which found that PRL responses following d-
FEN were no different in patients with BED than in controls. This lends
support to the idea that purging, dieting, and weight loss (rather than bingeing
per se) have greater roles in creating the serotonergic abnormalities noted
above. Dieting, bingeing, and vomiting all may affect central 5-HT synthesis
(13,14,22,116,117) and could conceivably result in down-regulation of post-
synaptic 5-HT receptors and blunted PRL responses. In addition, these
behaviors may involve activation of the HPA axis, which in turn appears to
dampen 5-HT receptor sensitivity (9,107). Despite findings linking recovery
from BN to normalization of blunted endocrine responses after 5-HT agonists
(95,115), other findings (based on PET techniques) suggest persistent reduc-
tions in postsynaptic 5-HT,, receptor activity even in fully recovered bulimics
(118). Such findings associate BN with a stable reduction in 5-HT neuro-
transmission at some central sites—and present the possibility that such
tendencies exist independently of disorder sequelae in BN patients.

In BN, platelet studies indicate reduced PLT IMI binding (119) and
PLTMAO (120). PLT 5-HT uptake has been reported to be increased in one
study (121) but not another (120). Steiger et al. (110,122) reported reduced

PLT paroxetine binding in groups of BN patients compared to healthy
controls,

Possible Trait-Linked Effects

Independently of dietary factors, personality trait variations might explain
Zzgle othe variations in 5-HT status seen in eating disorder sufferers. In non-
e ng-dl.sorder.ed pgpu_latlons, correspondence between 5-HT function and

'sonality trait variations has been well established. For example, impul-
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sivity has been consistently linked to decreased 5-HT activity; suicide, fire
setting, violence, and borderline personality disorder (BPD, for which impul-
sivity is pathognomonic) have all been linked to decreased 5-HT metabolism
(as indicated by reduced CSF 5-HIAA) (123,124). Likewise, impulsive
suicidality and aggression have been linked to low platelet 5-HT content
and reduced PRL response to 5-HT agonists (123,124). On the opposite side
of the same coin, findings in non eating-disordered samples have (at least
inconsistently) associated anxiety or compulsivity with increased 5-HT tone,
For example, patients with obsessive-compulsive disorder have been reported
to display elevated CSF 5-HIAA (125) and increased PRL response after the
5-HT agonist fenfluramine (126). Furthermore, the partial 5-HT agonist ;-
CPP has been observed to increase obsessionality in obsessive-compulsive
patients, and anxiety in patients with generalized anxiety disorder (127-129).
Likewise, heightened anxiety has been associated with elevated 5-HT activity
in both generalized anxiety disorder (130) and AN (131). Such findings have
encouraged some theorists to propose that “impulsive” and “compulsive”
traits occupy opposite poles of a continuum of 5-HT under- to overactivation
(132,133). While this notion remains controversial, it is tempting to contem-
plate the possibility that 5-HT findings in restrictive versus bulimic ED
variants may reflect variations associated with differential loadings of com-
pulsive or impulsive traits in these ED subgroups.

In keeping with the notion outlined above, various studies report that
personality trait variations account for variations of 5-HT indices in ED
patients, at least when actively eating disordered. Waller and colleagues (134)
observed that hostile bulimics, compared to less hostile ones (by self report),
showed smaller neuroendocrine responses following buspirone (which they
presumed to be a 5-HT), agonist). Likewise, Carrasco and colleagues (135)
observed systematically lower platelet MAO concentrations (taken as a proxy
for reduced 5-HT activity) in bulimics with impulsive or “borderline” traits.
Results of several studies by Steiger and his colleagues are comparable. In one
study, PRL responses after m-CPP were measured in bulimic women who
reported, or who denied, a history of self-mutilative or suicidal impulsivity
(136). (Incidentally, these two groups of women, were quite comparable on
indices of binge and purge frequency and body mass). Compared to normal
eaters, the self-harming bulimics were clearly blunted, as far as 5-HT function
was concerned; the non-self-harming bulimics were not. In other words, an
association was observed between blunting of the m-CPP-stimulated PRL
response and self-destructiveness, comparable to that obtained in non-eating-
disordered populations (137). This observation suggests that hypoactivity of
the 5-HT system in BN may be more strongly linked to self-aggressive
impulsivity than it is to binge—purge symptoms per se. However, in the study
by Brewerton et al. (107), no such differences were found between bulimic
patients with and without a history of suicidality. Another study by Steiger’s
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group examined platelet *H-paroxetine binding in normal women and in bu-
limic women, and assessed effects of “nonplanning impulsivity” (i.e., the
tendeney to act without considering consequences) (1 10). Both bulimic groups
displayed reductions in density (By,ay) of paroxetine binding sites. However,
in bulimics, the extent of reduction in binding site density was inversely
correlated with “nonplanning.” In other words, reduced peripheral 5-HT
reuptake corresponded to increased impulsivity. This effect parallels inverse
relationships noted between platelet 5-HT binding and aggressive impulsivity
(138) or self-mutilation (138) in personality-disordered subjects, raising the
notion that in BN we could be observing a constitutional (trait-linked)
susceptibility to underactivity of the 5-HT system. Furthermore, if exacer-
bated by effects of dieting, such susceptibilities could cause certain people to
become especially impulsive and/or prone to binge eating.

Taken together, research findings from plasma, CSF, and pharmaco-
logical challenge studies suggest reduced 5-HT synthesis, uptake, and turn-
over, as well as altered postsynaptic 5-HT receptor sensitivity during the active
phases of both AN and BN. Consequently, many reported alterations in 5-HT
function appear to be state dependent, although they may have important
biological roles in the perpetuation of symptoms, particularly mood dys-
regulation, increased anxiety, obsessionality, impulsivity, self-aggression, and
perhaps the resistance to and difficulty in learning healthier coping strategies
(139).

However, to avoid presenting an oversimplified, unidirectional hypoth-
esis of 5-HT alterations in the eating disorders, it is necessary to note some
findings suggesting heightened 5-HT receptor sensitivity at certain central
sites in eating disorder patients with active symptoms. For example, Brew-
erton (9) reported enhanced temperature and migraine headache responses to
m-CPP but not L-TRP in BN patients (regardless of the comorbid presence of
AN or MD) (9,140,141). As discussed in detail elsewhere (141), the enhanced
migraine-like HA responses in the BN patients may indicate enhanced 5-HT,
feceptor sensitivity in CNS vascular tissues. Enhanced 5-HT-mediated pla-
telet aggregation, a 5-HT; receptor-mediated phenomenon, has also been
eported in BN (142) and AN (99,112,142) and lends further support to this
hypothesis. The normal cortisol responses following m-CPP and L-TRP in
AN and BN are compatible with this view given the involvement of both 5-
HT, (facilitative) and 5-HT, receptors (inhibitive) in cortisol secretion. These
Presumed alterations in 5-HT receptor sensitivity, whether primary or
SeCO{ldary, demonstrate that 5-HT receptor sensitivity can be both decreased
i‘“d !ficreased in the same subjects depending on the anatomical location of
ofe Teceptor as Well as the receptor subtypef‘ We (9, 143') haye argued _in favor
rela dys}'egulatlon hypothesis of sero.tonm.dysfunctlon in the eating aqd

ated disorders, proposing that there is a failure in transmitter regulation in
¢ face of g variety of psychobiological perturbations potentially affecting
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Neul’O"E
monoamine function, including dieting, fasting, purging, substance abuse, Evident
excessive exercising, medical illnesses, family stresses or losses, somocultmm
pressures, traumatic events, puberty, other developmental taskS/challengeS It is well
and changes in the seasons. Certainly, evidence suggests that a model of ney- benefici
rotransmitter alterations in the eating disorders stated in terms of a unidirec. patients
tional (high versus low activity) concept will not be adequate. etine fol

Interest in 5-HT activity in the EDs has led to quite a catalogue of during t
studies on 5-HT system genes—controlling activity of 5-HT receptors, and otl
tryptophan hydroxylase (TPH, the rate-limiting enzyme for 5-HT synthesis), centrall}
and 5-HT transporter (reuptake) mechanisms (144). Collier et al. (145) Fi
reported a statistically significant 5-HT2A-1438G/A receptor gene polymor- HT; ar
phism in a group of restricting AN patients compared to healthy controls. ' attribut
This finding has been replicated in at least two other studies in AN (146,147) the role
as well as in OCD (147), but not in BN (147). Nacmias et al. (146) reported (164). T
that other serotonergic polymorphisms of the 5-HT», as well as those of the 5- possible
HT,, receptors showed no differences in AN patients compared to controls. unexplc

Likewise, no differences between AN patients and controls have been
reported for serotonin transporter gene—linked polymorphisms (5S-HTTLPR)
(148,149), tryptophan hydroxylase polymorphisms (150), and 5-HT1Dbeta ' MAO/K
and 5-HT7 gene polymorphisms (151).

For BN, there have been various association studies: Studies on 5-HT», .Isat'ln.,
polymorphisms in BN detect no syndrome-linked associations (144). Sim- inhibits
ilarly, three of four available studies on the 5-HT,, receptor gene indicate C?ncelrl
absence of association with BN (146,147,152). However, a fourth (in a heter- | ‘éeSISFa s
ogeneous anorexic-bulimic sample) associates the 5-HT,, “G” allele with ‘ a (C)(i
proneness to bulimic symptoms, borderline personality, and generalized CSWFM
impulsivity (153). Such findings imply that common genetic factors might .
mediate concurrence of bulimic eating patterns and traits of a borderline/ Eﬁlﬂ
impulsive type. Yet another recent study, first to examine the 5-HT trans- has bec
porter gene (promoter region, SHTTLPR) in BN, indicates a short-allele )
variation to confer sevenfold risk of BN (154). The short (s) allele of fjnlignre
SHTTLPR has been linked to reduced transcription of 5-HT transporter pro- g
tein, decreased 5-HT reuptake in lymphoblasts (155), and traits like suicidal-
ity (156), neuroticism, and impulsivity (157). Preliminary findings from our
lab provide a second indication of relevance of the 5-HT transporter (5-HTT) RELA
gene to binge eating and impulsivity (158). Results in 48 women with binge Neuro
eating syndromes showed individuals carrying the short (s) allele of ’ interde
SHTTLPR (either s/s or s/l genotypes) to show more impulsivity and lower well. T
density of paroxetine-binding sites than did long (1) allele homozygotes. These (presy
results, if they hold up, would cross-validate (at a genetic level) a link between (brain
-impulse control problems and hyposerotonergic status, indicating conver- neurol
gence among impulsive traits, low 5-HT transporter activity, and the s allele. mecha
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Evidence from Pharmacological Effects

It is well known that serotonin-specific antidepressant medications can be
beneficial in controlled studies of BN patients (159) but not in low-wei ght AN
patients (160,161). More recent data indicate a prophylactic effect of fluox-
etine following weight gain in recovered AN patients (8). SSRIs don’t work
during the low-weight state, presumably because of central depletion of 5-HT
and other monoamines with starvation. There is significantly less 5-HT
centrally to be inhibited by SSRIs.

Finally, recent evidence indicates significant antibulimic responses to 5-
HT; antagonists, such as ondansetron (162,163). Although the authors
attribute this therapeutic response to the drug’s ability to reduce vagal tone,
the role of the 5-HT, receptor remains intriguing given its antianxiety effects
(164). These findings open important new arenas for future rescarch involving

possible serotonergic-cholinergic mechanisms, which has been a relatively
unexplored area in the cating disorders.

MAO/ISATIN

[satin, or tribulin, is an endogenous indole associated with stress, which
inhibits MAO (165). Brewerton et al. (94) reported significantly higher CSF
concentrations of isatin in BN patients compared to healthy controls. There
was also a trend for CSF isatin concentrations to be inversely correlated with
CSF concentrations of the serotonin metabolite 5-HIAA (n = 14, p = —0.5],
p = 0.06), although CSF isatin levels were not significantly correlated with
CSF MHPG or HVA. The increase in isatin levels has been hypothesized to be
in response to the resultant monoamine depletion secondary to the effects of
the illness on monoaminergic function. As noted previously, platelet MAO
has been reported to be decreased in BN (120) and in AN (105). This decrease

may represent a compensatory change in response to monoamine depletion
during the active state of the disorders.

RELATIONSHIP TO OTHER SYSTEMS

_Nellrotransmitter systems do not exist in a vacuum but are exquisitely

nterdependent with other brain and body systems and the environment as
well. It is important to think about systems (¢.g., 5-HT) and their subsystems
(pre§y naptic, postsynaptic, receptor subtypes) in the context of larger systems
(brain, environment) and interacting systems/subsystems (e.g., NE, DA,
neurOhormones, neuropeptides) with complex feedback and counterfeedback
Mechanisms a¢ multiple anatomical levels. An extensive discussion of this
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rather far-reaching topic is beyond the scope of this chapter but s discussed iy
more detail elsewhere (9).

CONCLUSIONS

Taken together, available findings implicate abnormalities of all monoamine
neurotransmitter systems during the active phases of both AN and BN. Upon
normalization of weight and neurohormonal function, most transmitter
anomalies resolve or atleast improve. Some data show persistent particular-
ities of the 5-HT system, and suggest that observed tendencies may reflect
psychological traits found in both AN and BN, including obsessionality,
perfectionism, high harm avoidance, and behavioral inhibition, on the one
hand, and recklessness, failure to consider consequences of actions, self-
destructiveness, and behavioral disinhibition, on the other. Furthermore,
some evidence may be consistent with association between greater behavioral
inhibition and excessive 5-HT activity (at some loci in the system), and
behavioral disinhibition and reduced 5-HT neurotransmission (also at some
loci in the system). The findings in question create a case for the idea that any
given individuals’ 5-HT functioning probably varies in function of constitu-
tionally determined (latent or manifest) personality trait tendencies. In this
light, it is intriguing to contemplate the ways in which constitutional traits
associated with hypoactivity of the 5-HT system (e.g., impulsivity) may
predispose to binge eating—and traits associated with elevated 5-HT tone
(like compulsivity or harm avoidance) may predispose to dietary restriction.

Some evidence suggests prolonged alterations in NE metabolism, but
this is most likely due to persistent low-grade dietary restraint following
recovery. Preliminary data indicate a DA deficit in restricting AN patients,
but this result remains to be replicated in larger samples. Recent findings also
emphasize the importance of neurotransmitter precursor substrate availabil-
ity to normal brain function and especially to the process of recovery from an
eating disorder. Future research directions will include further exploration of
neurotransmitter-related gene candidates, in vivo receptor imaging studies,
and improved psychopharmacological interventions based on biological
alterations characteristic of the different stages and features of these danger-
ous disorders.
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