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INTERVENTION AND PREVENTION

Lorcaserin (APD356), a Selective 5-HT,
Agonist, Reduces Body Weight in Obese Men

and Women

Steven R. Smith', Warren A. Prosser?, David J. Donahue?, Michael E. Morgan?, Christen M. Anderson®
and William R. Shanahan* APD356-004 Study Group’

Lorcaserin (APD356) is a potent, selective 5-HT, agonist with ~15-fold and 100-fold selectivity vs. 5-HT,, and 5-HT,,
receptors, respectively. This study evaluated the safety and efficacy of lorcaserin for weight reduction in obese
patients during a 12-week period. The randomized, double-blind, placebo-controlled, parallel-arm study enrolled 469
men and women between ages 18 and 65 and with BMI 30-45kg/m?. Patients received placebo, lorcaserin 10mg

q.d., lorcaserin 15mg q.d., or lorcaserin 10mg b.i.d. for 12 weeks, and were counseled to maintain their usual diet and
activity. The primary end point was change in weight from baseline to day 85 by completer analysis. Safety analyses
included echocardiograms at Screening and day 85/study exit. Lorcaserin was associated with progressive weight loss
of 1.8kg, 2.6kg, and 3.6kg at 10mg q.d., 15mg g.d., and 10mg b.i.d., respectively, compared to placebo weight loss

of 0.3kg (P < 0.001 for each group). Similar results were seen by intent-to-treat last observation-carried forward (ITT-
LOCF) analysis. The proportions of completers achieving >5% of initial body weight were 12.8, 19.5, 31.2, and 2.3% in
the 10mg g.d., 15mg q.d., 10mg b.i.d., and placebo groups, respectively. The most frequent adverse events (AEs) were
transient headache, nausea, and dizziness. Echocardiograms showed no apparent drug-related effects on heart valves
or pulmonary artery pressure (PAP). Lorcaserin was well tolerated and efficacious for weight reduction in this 12-week
study. Longer-term trials employing behavior modification will be needed to more fully assess its safety and efficacy.

Obesity (2008) 17, 494-503. doi: 10.1038/0by.2008.537

INTRODUCTION

The prevalence of overweight and obesity in the United States
has increased at an unprecedented rate over the past two dec-
ades (1,2). Excess weight is associated with substantial health
risks, as reflected in the increased morbidity and mortality
in people with BMI >25kg/m? (2,3). In particular, obesity is
associated with increased risks of hypertension, dyslipidemia,
diabetes mellitus, coronary heart disease, congestive heart
disease, stroke, osteoarthritis, and sleep apnea (2-12). While
aggressive lifestyle management programs are the foundation
of a successful weight loss program, a safe and effective phar-
macological agent could provide additional benefit for weight
loss and weight maintenance.

Stimulation of specific central serotonin receptors represents
an effective pharmacological mechanism to suppress appetite.
Serotonin and agonists that activate serotonin 2C (5-HT,,)
receptors promote feelings of satiety, thereby reducing food
intake (13,14). The 5-HT, . receptors are located primarily in
the choroid plexus, limbic structures, extrapyramidal path-
ways, thalamus, and hypothalamus, a major center responsible

for regulating hunger and food intake (15,16); they are virtually
absent in peripheral tissues (17). We postulate that pharmaco-
logical activation of the 5-HT, . receptor will lead to weight loss
in overweight and obese people.
Lorcaserin([1R]-8-Chloro-2,3,4,5-tetrahydro-1-methyl-1H-
3-benzazepine), formerly known as APD356, is a novel, selec-
tive 5-HT, . receptor agonist that produces dose-dependent
weight loss in preclinical and clinical studies (18-21). The
potency (EC,)) of lorcaserin at the human 5-HT,_ receptor is
9nmol/l, representing ~15-fold and ~100-fold greater potency
thanatthe 5-HT,, (168 nmol/l) and 5-HT,, (943 nmol/I) recep-
tors, respectively (20). Lorcaserin at concentrations <1 pmol/l
has no functional activity at other 5-HT receptors. This selec-
tivity should minimize adverse effects that are observed with
nonselective serotonergic agonists. Fenfluramine and dexfen-
fluramine act as nonspecific serotonin agonists because of
their dual effect to release serotonin and to prevent its reuptake
(22-24); their primary metabolites, nordex- and norfenflu-
ramine, are potent 5-HT,, agonists (25). These agents, as well
as agents like pergolide that exert agonist activity at serotonin
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receptors (26-28), are associated with increased risk of valvular
heart disease. Activation of 5-HT,, receptors has been impli-
cated in the pathogenesis of serotonergic valvulopathy; these
receptors are highly expressed in cardiac valvular tissue, but
not in brain (17,25-30). Agonist activity at the 5-HT, recep-
tor is a common feature of drugs associated with valvulopathy
(28). Given the rank order in potency for receptor activation
and the selective concentration of lorcaserin in the brain (20),
lorcaserin is predicted to exert minimal activity at the 5-HT,
receptor at therapeutic concentrations, and substantially less
activity at the 5-HT,, receptor than at the 5-HT,_ recep-
tor. In the present study, the safety and efficacy of lorcaserin
for weight reduction in obese adults were evaluated during a
12-week dosing period.

METHODS AND PROCEDURES

Ethics and compliance

The study protocol was reviewed and approved by either a central or
local IRB for each of the sites that participated in the trial. All patients
provided informed consent after the study and all related procedures
were described to them in detail. The study was conducted in accord-
ance with Good Clinical Practice guidelines (31) and the principles of
the Declaration of Helsinki (32).

Hypotheses and study design

The primary hypothesis of the study posited that lorcaserin adminis-
tration will result in weight loss in healthy obese adults. The study also
tested the key secondary hypothesis that lorcaserin use is not associ-
ated with changes in heart valve insufficiency or pulmonary artery
pressure (PAP).

The study comprised a double-blind, placebo controlled, randomized,
parallel-arm design. Patients received placebo, lorcaserin 10 mg q.d., lor-
caserin 15mg q.d., or lorcaserin 10 mg b.i.d. for 12 weeks with a 2-week
postdosing follow-up period. The primary end point was change in body
weight from baseline (first day of dosing) to study day 85 by completer
analysis. Secondary end points included change from baseline in BMI,
waist and hip circumference, cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides.
A sample size of 39 patients per treatment arm would provide 90% power
to detect a 3-kg difference in mean weight change from baseline for each
dose level vs. placebo, using a two-sided t-test with 5% level of signifi-
cance, assuming a common s.d. for change of 4kg. To perform a more
thorough safety assessment, the enrollment target was set at 100 patients
per treatment arm.

At enrollment, patients were counseled to maintain their usual diet
and exercise habits throughout the study; no behavior modification or
lifestyle intervention was included. Patients were equally randomized to
receive placebo b.i.d., lorcaserin 10 mg each morning and placebo each
evening, lorcaserin 15 mg each morning and placebo each evening, or
lorcaserin 10 mg b.i.d. Patients returned to the study site biweekly for
measurement of weight, waist and hip circumference, laboratory tests,
electrocardiogram, adverse event (AE) monitoring, and the Bond and
Lader Mood Visual Analog Scale (VAS; 33). Echocardiograms were per-
formed at screening and at day 85 or at early termination. Body weights
were measured using digital scales that met National Type Evaluation
Program Standards. Waist and hip measurements were made using a
standardized procedure (2).

Patients

Obese male and female volunteers, ages 18-65 years, with BMI
30-45kg/m? were recruited at 42 academic and private medical cent-
ers in the United States using existing patient databases and advertise-
ments between June, 2005 and August, 2005. Eligible patients were
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nonsmokers who could abstain from alcohol during the study, and
were not undergoing or in need of treatment for any chronic disease,
with the exception that stable treatment for hypertension and/or dys-
lipidemia was permitted. Physical exam, routine laboratory tests, and
electrocardiogram had no clinically significant abnormalities at screen-
ing. Patients were excluded for the following: diabetes, a score of 212
on the Hospital Anxiety and Depression scale (34), a history of bariatric
surgery, any significant changes to diet and exercise within 4 weeks, or
previous use of fenfluramine or dexfenfluramine. Patients underwent
screening echocardiography, and were excluded if clinically significant
abnormalities were detected; these included mitral or aortic stenosis,
mitral regurgitation greater than mild, any aortic regurgitation (trace
or less allowed for patients >50), or greater than mild tricuspid or pul-
monic regurgitation. Women of childbearing potential were required
to use a double-barrier method of contraception throughout the study
and for at least 90 days after the last study drug dose.

VASs

The Bond and Lader VAS (33) is a questionnaire that consists of 16
analog scales; responses are analyzed to derive composite scores for
self-rated Alertness, Calmness, and Contentment. The test was admin-
istered electronically at intervals during the treatment period and at
Days 91 and 98 during the follow-up period.

Echocardiographic studies

A central echocardiography core lab (Biomedical Systems, St. Louis,
MO) trained and qualified individual sites to perform echocardiograms,
provided a detailed protocol to each sonographer, and interpreted all
images according to standard criteria (35,36). A pool of three quali-
fied cardiologists interpreted the echocardiograms. The same blinded
cardiologist read all echocardiograms for a given patient during the
study to minimize variability. Echocardiograms were read at screen-
ing; after dosing was completed, day 85 images were read side-by-side
with screening images (not blinded to sequence). To optimize the esti-
mates of systolic PAP, agitated saline was infused through an intrave-
nous catheter during the exam. PAP was estimated from the velocity of
the regurgitant tricuspid jet, and imputed to a minimum value in the
absence of any tricuspid insufficiency. Regurgitation of the mitral, aor-
tic, and tricuspid valves was scored as absent, trace, mild, moderate, or
severe. Pulmonic regurgitation was scored absent or present. Changes
in valvular regurgitation from baseline to day 85 (“shifts”) were tabu-
lated for each valve separately.

Blood collection and analyses

Blood samples were collected by venipuncture. Blood and urine samples
were sent to a central laboratory for analyses. Samples for pharmacoki-
netic analysis were collected at 2h (+15min) after dosing on day 1 (to
approximate Cmax), and before dosing on Days 15, 29, 57, and 85 or at
the early termination visit (to approximate C__ ). Pharmacokinetic sam-
ples were analyzed using a LC/MS/MS method at MDS Bioanalytical
Laboratory (MDS, Lincoln, NE).

Statistical analysis

Analysis populations included the safety population (all patients who
took at least one dose of study drug), intent-to-treat (ITT; all safety
patients with at least one postbaseline body weight measurement), and
the completer population (all ITT patients who completed the dosing
period and had a postbaseline body weight recorded within 3 days of
the day 85 visit). As specified in the protocol, the primary end point
was a completer’s analysis of change in weight using two-sided analysis
of covariance with treatment, site and gender as fixed effects and the
baseline weight and age as covariates. Prespecified subgroup analyses
included individual ethnic groups, and patients with elevated choles-
terol or low HDL at baseline. Patients were also categorized according
to weight loss of 25% from baseline to day 85. Frequency and per-
centage were analyzed by Cochran-Mantel-Haenszel tests. Secondary
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efficacy end points were analyzed using an analysis of covariance with
treatment, site, and gender as fixed effects and baseline value and age as
covariates for the completer and ITT samples. For echocardiography
data, the binomial distribution for the proportion of patients in each
treatment group with increases in valve regurgitation and the propor-
tion with no change/decrease in valve regurgitation were compared;
P values were based on the Pearson x*-analysis.

RESULTS

Patient disposition

A total of 469 patients were enrolled in the study and rand-
omized at 42 study centers in the United States (Figure 1).
Of these, 354 patients completed the treatment phase of the
study, and 333 of these met the definition of a “Completer”
(day 85 visit must have occurred within a + 3-day window).
The ITT-LOCF sample comprised 453 patients. The most fre-
quent reasons for study withdrawal were loss to follow-up or
patient choice. Eighteen patients (3 placebo, 1 in the 10mg
q.d. group, 9 in the 15mg q.d. group, and 5 in the 10mg b.i.d.
group) discontinued because of AEs; 25 patients were lost to
follow-up; 5 patients discontinued because of lack of efficacy;
the remainder of discontinuations were attributed to patient or
investigator decision or to protocol deviations. There were no
deaths in the study.

Patient demographics

Table 1 summarizes the demographics and baseline characteris-
tics of all randomized patients. Of the 469 patients randomized,
the majority were female (87.0%) and between the ages of 25
and 54 years (77.2%). Most patients were white (52.5%), African
American (28.6%), and Hispanic (17.7%). Baseline weight was
100.2 + 15.0kg (mean + s.d.) in the placebo treatment group,
and 100.6 + 15.4kg, 100.3 + 14.4kg, and 98.8 + 16.9kg in the
lorcaserin 10mg q.d., 15mg q.d.,, and 10mg b.i.d. treatment
groups, respectively. Average BMI was 36.4 + 4.1 kg/m?* and was

consistent among treatment groups. The distribution of age,
gender, and ethnicity was similar across all treatment groups.

Change in body weight

Lorcaserin administration was associated with a dose-dependent,
progressive decrease in body weight that was evident at the ear-
liest time point (2 weeks) in both the completer and ITT popu-
lations (Figure 2, Table 2). The primary end point of change
in weight from baseline to day 85 in each lorcaserin treatment
group vs. placebo was highly statistically significant for each
group (all P < 0.001). Weight loss compared to placebo was
statistically significant in the 15mg q.d. and the 10mg b.i.d.
groups at all time points, and in the 10 mg q.d. group at the day
29 and all subsequent time points, for both the completer and
ITT populations.

The proportion of patients (completer analysis) who lost
>5% of their body weight from Baseline to day 85 was dose-
dependently and significantly increased by lorcaserin, reaching
12.8% in the 10mg q.d. group (P < 0.015), 19.5% in the 15mg
q.d. group (P < 0.001), and 31.2% in the 10mg b.i.d. group
(P < 0.001). One patient each in the 10mg q.d. and 15mg q.d.
groups, and no patient in the placebo group or the 10 mg b.i.d.
groups, lost >10% of baseline weight.

The number of completers who lost weight was smallest in
the placebo group, and increased with increasing dose of lorca-
serin (Figure 3). Conversely, the number of patients who gained
weight during the 12-week treatment period was smallest in the
lorcaserin 10mg b.i.d. group and greatest in the placebo group.
More than 90% of patients in the 15mg q.d. and 10mg b.i.d.
groups lost weight by ITT or completer analysis. Consistent with
this observation, efficacy was observed across the entire range of
BMIs allowed in the study.

For the prespecified completer analysis of body weight data by
ethnic group, only the African-American and white subgroups

Screening procedures
n=1,421 screened

Screening failures n = 952
« ECHO failure: n=314

4

« Other failure: n=638

Enroliment
n=469
Randomized to Randomized to Randomized to Randomized to
placebo lorcaserin 10 mg q.d. lorcaserin 15 mg q.d. lorcaserin 10 mg b.i.d
n=118 n=117 n=118 n=116
Discontinued (26) Discontinued (24) Discontinued (33) Discontinued (32)
* AE (3) * AE (1) * AE (9) * AE (2)
* Pt choice (13) * Pt choice (8) * Pt choice (7) * Pt choice (9)
— ®Lostto FU(3) — ®Lostto FU (4) — ¢ Lostto FU (10) — ¢ Lostto FU (8)
* Deviation (3) * Deviation (6) * Deviation (4) ¢ Deviation (4)
* Other (2) * Other (4) * Other (3)  Other (8)
* Lack of efficacy (2) * Lack of efficacy (1)  Lack of efficacy (1) * Lack of efficacy (1)
A v v A
12-Week study 12-Week study 12-Week study 12-Week study
procedures; procedures; procedures; procedures;
n=92 n=93 n=85 n=84
Completers Completers Completers Completers
n=88 n=86 n=82 n=77
Figure 1 Flowchart of patient dispositions. AE, adverse event; FU, follow-up; Pt, patient.
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Table 1 Patient characteristics at baseline (mean * s.d.)

INTERVENTION AND PREVENTION

Lorcaserin
Placebo (n=118) 10mgq.d. (n=117) 15mgq.d. (n=118) 10mgb.i.d. (n=116)

Age (years) 41.6+£10.9 415+12.2 41.3+11.3 415+£11.3
Gender (n (%))

Female 103 (87.3) 96 (82.1) 110(93.2) 99 (85.3)

Male 15(12.7) 21(17.9) 8(6.8) 17 (14.7
Ethnicity (n (%))

White 65 (55.1) 61(52.1) 59 (50.0) 61 (52.6)

African American 34 (28.8) 36 (30.8) 32 (27.1) 32 (27.6)

Hispanic 18(15.3) 19(16.2) 23(19.5) 23(19.8)

Pacific Islander 0 0 1(0.8) 0

American Indian 0 1(0.9 2(1.7) 0

Other 1(0.8) 0 0 0
Weight (kg) 100.2 + 15.0 100.6 +15.4 100.3+14.4 98.8+16.9
Height (cm) 165.6+7.5 166.5+9.5 164.8+7.0 164.9+8.2
BMI (kg/m?) 36.4+£4.0 36.2+4.1 36.9+4.2 36.2+4.1
Waist circumference (cm) 109.0+12.9 108.7+11.6 108.6 £ 10.9 107.5+11.6
Hip circumference (cm) 122.2+9.4 1221 +94 124.0+9.7 121.2+9.8
Waist-to-hip ratio 0.89+0.08 0.89+0.08 0.88+£0.07 0.89+0.08
Total cholesterol (mmol/l) 50+1.1 49+0.8 5.0+0.9 50+1.1
HDL cholesterol (mmol/l) 1.4+0.3 1.4+0.4 1.5+0.3 1.5+04
LDL cholesterol (mmol/l) 3.0+0.38 28+0.7 2.8+0.8 28+09
LDL-to-HDL ratio 22+0.7 21+0.7 20+0.7 2.0+0.8
Triglycerides (mmol/l) 1.4+0.8 1.5+0.7 1.6+0.8 1.5+1.0
Fasting glucose (mmol/l) 52+0.8 51+0.6 51+1.0 49+0.6
Uric acid (umol/l) 332.5+785 327.3+755 306.6 +70.9 307.8+75.0
Systolic blood pressure (mmHg) 120+12 122+ 14 1,220+ 13 119+12
Diastolic blood pressure (mmHg) 78+9 77+8 778+8 76+8

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Study day

15 30 45 60 75 90 LOCF

L
°
=3
2 - —- Placebo
c
£ &
§ -A- Lorcaserin
€ 10 mg q.d.
s e
° --¥- Lorcaserin
g H 15 mg q.d.
S -y -
= I i o Lorcaser!n
2 E 10 mg b.i.d
g ﬁ :

Stop study drug

Figure 2 Mean change in weight from baseline. LOCF, last observation-
carried forward.

had sufficient numbers of patients to be analyzed individually.
Patients of Hispanic, Asian, Native American and other ethnic
origins were analyzed together. White patients in the lorcaserin
10mg q.d. (-2.1kg) and 10mg b.i.d. (-3.9kg) treatment groups,
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but not in the 15mg q.d. (-2.4kg) group, showed somewhat
greater weight reduction at day 85 than did African-American
patients (-1.7,-3.4,and -2.9kg, respectively) or grouped patients
of all other ethnic origins (-1.2, -3.0, and -2.6kg, respectively).
This trend was significant at all doses (P < 0.001), and was also
seen at most other time points; however, the differences in
weight loss were small, and in the absence of a consistent effect
across all doses, are likely attributable to normal variation.

Secondary efficacy end points

Secondary efficacy end points included physical and laboratory
measures that are correlated with cardiovascular risk (Table 3).
BMI was significantly (P < 0.001) decreased by all doses of
lorcaserin at day 85. The decrease in waist circumference from
Baseline to day 85 was dose-related, and was significant in the
15mg q.d. (P = 0.017) and the 10mg b.i.d. (P = 0.001) groups.
There was also a trend toward decrease in hip circumference
with dose, such that waist-to-hip ratio was unaffected by
lorcaserin at day 85.
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Table 2 Change in weight from baseline to day 85

Placebo 10mg q.d. 15mg q.d. 10mg b.i.d.

Completers analysis

Change in weight from baseline to day 852

n 88 86 82 7
Mean (s.d.) (kg) -0.3(2.4) -1.8(2.5 -26((2.6) -3.6(2.8)
CV% -795.2  -139.2 -100.5 -78.9
Parametric analysis: equal slope ANCOVA model®
LSmean (s.em.) (kg) -0.6(0.3) -2.0(0.3) -2.9(0.4) -3.7(0.3)
Difference
(treatment-placebo) -1.4 2.3 -3.1
95% confidence
interval -2.1,-06 -3.1,-1.6 -3.9,-24
P value <0.001 <0.001 <0.001
ITT-LOCF analysis
Change in weight from baseline to day 852
n 116 114 113 110
Mean (s.d.) (kg) -02(2.3 -1.7(24) -22((26) -3.1(2.78
CV% -1,554.1 -138.0 -118.8 —90.9
Parametric analysis: equal slope ANCOVA model®
LSmean (s.e.m.) (kg) -0.4(0.3) -2.0(0.3) -2.5(0.3) -3.3(0.9)
Difference -1.5 2.1 2.9
(treatment-placebo)
95% confidence -22,-09 -2.7,-1.4 -35,-2.2
interval
P value <0.001 <0.001 <0.001

ANCOVA, analysis of covariance; CV, coefficient of variation; ITT, intent-to-treat;
LOCEF, last observation-carried forward; LS, least square.

aBaseline is the last available measurement before first dose of study drug (day 1).
®Change from baseline weight is analyzed using an equal slope ANCOVA model
with treatment, pooled site, and gender as fixed effects and baseline weight and
age as covariates.

Total cholesterol was reduced significantly by lorcaserin
at 10mg b.i.d. (P = 0.006) and 15mg q.d. (P = 0.019), and
there was a nonsignificant trend toward reduction in LDL-
cholesterol. LDL-to-HDL ratios were unchanged by lorcaserin
at 85 days of treatment because small (-0.1 mmol/l), margin-
ally significant (P = 0.038 to 0.053) reductions in HDL in the
lorcaserin groups were balanced by nonsignificant reductions
in LDL. Although patients with frank diabetes were excluded
from the study, fasting glucose was monitored; lorcaserin
at 10mg b.i.d. modestly but significantly decreased fasting
glucose at day 85 (-0.2mmol/l in the 10mg b.i.d. group).
Although serum uric acid was not a prespecified end point,
small, dose-responsive decreases were observed (-16.2 umol/l
in the 10 mg b.i.d. group).

Pharmacokinetics

Mean first day (+s.d.) approximate C__values for lorcaserin in
the 10mg q.d., 15mg q.d. and 10 mg b.i.d. (taken after the first
10-mg dose) completers were 157 + 62 nmol/l, 230 + 96 nmol/l
and 158 + 56nmol/l, respectively; approximate C__ values
at steady state were 66 + 61, 87 + 69 and 131 + 78 nmol/l,
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Placebo

% wt change
&

Lorcaserin 10 mg q.d.

% wt change

Lorcaserin 15 mg q.d.

% wt change
&

Lorcaserin 10 mg BID

% wt change

Figure 3 Individual patient weight changes from baseline to day 85.

respectively. Concentrations did not differ among ethnic
groups. In phase 1 studies using a 10-mg dose, steady state was
reached by day 4, with C__values ~30% higher at steady state
than on day 1 (data not shown).

Bond and Lader VAS

No drug-related changes in individual VAS scores or in the
composite scores of Alertness, Calmness, or Contentment were
observed during the dosing period or during the follow-up
period (data not shown).

Safety analysis: echocardiograms

Echocardiograms were obtained at screening and at study day
85/early termination. Overall, there was no apparent drug
effect on heart valve function or on PAP. Shifts in valve regur-
gitation scores during the study are summarized in Table 4. No
shifts in regurgitation scores >1 category were observed during
the trial. One category shifts in valve regurgitation score were
observed with similar frequencies across treatment groups.
The distribution of patients with increased regurgitation, vs.
those with decreased regurgitation or no change, did not differ
among treatment groups for any valve. Three scores of “mod-
erate” mitral valve regurgitation (MR) were reported in the
study: two occurred in placebo patients who had “mild” MR at
screening and “moderate” or “mild/moderate” MR at day 85,
and one occurred in a patient in the lorcaserin 15 mg q.d. group,
who had “mild” MR at screening and “mild/moderate” MR at
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Table 3 Secondary efficacy endpoints. Change from baseline to
day 85, completers analysis (mean (s.d.))

Lorcaserin

Placebo 10mgq.d. 15mgqg.d. 10mg b.i.d.

(N=88) (N =86) (N=82) N=77)
BMI (kg/m?) -0.1(0.9 -0.7(0.9* -1.0(1.07 -1.3(1.0)
Waist
circumference  -2.1(6.5) -2.7(4.8) -8.7(6.4)" -4.4(4.9)"
(cm)
Hip
circumference  -1.3(6.1) -2.0(8.9 -2.1(4.5) -2.9 (3.7
(cm)
\r’;’ﬁft‘to'h'p ~0.01(0.05) ~0.01 (0.04) -0.02 (0.05)  ~0.02 (0.04)
Cholesterol 0.04(0.48) 0.02(0.48) -0.02 (0.05)** —0.18 (0.52)**
(mmol/l) ' ' ' ' ' ’ ' '
HDL-cholesterol ok ok
(mmol) 0.0(0.1) 0.0(0.1) -0.1(0.1) -0.1(0.2)
LDL-cholesterol
(mmol/) 0.0(0.4) 0.1(0.5) 0.0(0.4) -0.1(0.5)
rit)it'to’HDL 0.50(0.32) 0.13(0.42) 0.04(0.29)  0.04(0.37)
Tnglycerides 5505 0105 -01(08  -02(07)
(mmol) .0(. 1. 1. 2(0.
Fasting glucose N ~ B -
(mmol) 0(0.1) 0.1(0.5) 0.1(0.5) 0.2 (0.6)
Uric acid (umol/l) -0.4(36.5) -5.0(39.2) -8.0(39.5) -16.2(39.7)
Systolic blood
pressure =1(11) 1(10) o(11) -1(12)
(mmHg)
Diastolic blood
pressure -1(8) 0(8) -1(9) -1(8)
(mmHg)
Heart rate
(beats/min) -0.6(8.0) 1182 -1.0(10.3) -0.3(8.7)

HDL, high-density lipoprotein; LDL, low-density lipoprotein.
*P < 0.001; *P < 0.01; **P < 0.05.

day 85. Two scores of “mild” aortic valve regurgitation were
reported in the study: one occurred at screening in a patient
in the lorcaserin 10mg b.i.d. group (no change at day 85),
and the other occurred at day 85 in a patient in the lorcaserin
15mg q.d. group who had “trace” aortic valve regurgitation at
screening.

Mean estimated systolic PAP did not differ among treat-
ment groups at screening or at day 85 (Table 5). Changes of
>5mmHg in PAP in either direction occurred with similar
frequencies in all groups, and only a few patients per group
had changes of 210 mm Hg (Table 5). The largest individual
changes in PAP were a decrease of 15.2 mm Hg (from 42 t0 26.8)
in a patient in the 10 mg q.d. group, an increase of 17.1 mm Hg
(from 10 to 27.1) in a patient in the 10 mg b.i.d. group, and an
increase of 16.8 mm Hg (from 8 to 24.8 mm Hg) in a patient in
the 10 mg q.d. group. The latter 2 changes were likely spurious
findings related to abnormally low screening PAP values (no
regurgitant tricuspid jet, with imputed minimum values).
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Table 4 Summary of echocardiographic changes

10 15 10mg Total
Placebo mgq.d. mgaq.d. b.i.d. lorcaserin
Mitral valve (N (%))
N=99 N=100 N=96 N=96 N=292
Decrease 21(21.2) 17(17) 10(10.4) 8(8.9 35(11.9)
Nochange 68(68.7) 76(76) 75(r8.1) 77(80.2) 227 (77.7)
Increase 10(10.1) 8(8.00 11(11.5) 11(11.5) 30(10.3)
P value* — 0.54 0.82 0.80 0.97
Aortic valve (N (%))
N=99 N=99 N=96 N=96 N =291
Decrease 2(2.0 2(2.0 2(2.1) 1(1.0) 5(1.7)
Nochange 91(91.9) 95(96.0) 87(90.6) 89(92.7) 271(93.1)
Increase 3(3.0) 2(2.0) 7(7.3) 6 (6.3) 15(5.2)
P value* — 0.62 0.19 0.30 0.41
Tricuspid valve (N (%))
N=95 N=90 N=95 N=89 N=274
Decrease  12(12.7) 10(11.1) 6(6.3) 9(10.1) 25(9.1)
Nochange 76(80.0) 77(85.6) 82(86.3) 74(83.2) 234(85.4)
Increase 7(7.4) 3(3.3) 7(7.4) 5(5.6) 15(5.5)
P value* — 0.20 0.73 0.59 0.37

The number (%) of patients whose valvular regurgitation shifted from baseline
values of none, trace or mild is listed for each category of change (increase, no
change, decrease). The number of patients with an evaluable echocardiogram is
listed for each treatment group and each valve.

*P values are based on Pearson x>-analysis vs. placebo; N values vary because
not every valve is evaluable in each person. At Baseline, the distribution of valve
regurgitation was: mitral valve regurgitation, 16.1% absent, 48.4% trace, 35.6%
mild; aortic valve regurgitation: 79.8% absent, 19.9% trace, 0.3% mild.

Table 5 Estimated pulmonary artery pressures at screening
and day 85 (mean + s.d.)

Lorcaserin
Placebo 10mg q.d. 15mgq.d. 10mg b.i.d.
(n=91) (n=92) (n=88) (n =86)
PAP (mmHg)
Baseline 27+5 27+6 26+5 28+5
Day 85 27+4  27+5 27 +5 29+5
Change from baseline  0+5 0+5 1+4 114
Change in PAP 25 mmHg (n (%))
Decrease 12(18.2) 12(13.0) 6(6.8) 4(4.7)
Increase 12(13.2) 10(10.9) 10(11.4) 13(15.1)
Change in PAP >10mmHg (n (%))
Decrease 2(2.2) 1(1.1) 0 0
Increase 1(1.1) 4(4.3) 1(1.1) 1(1.2)

PAP, pulmonary artery pressure.

AEs

Lorcaserin was generally well tolerated at all doses tested.
The most frequent AEs were headache, nausea and dizziness
(Table 6). Each of these tended to be self-limited (e.g., the
majority of headaches began on day 1, resolved within hours,
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Table 6 Adverse events reported in >5% of patients in any treatment group during the treatment period (n (%))

Event Placebo (n=118) 10mgq.d.(n=117) 15mgq.d.(n=118) 10mgb.i.d.(n=116) Alllorcaserin (n = 351)
Headache 21 (17.8%) 35 (29.9%) 38 (32.2%) 31 (26.7%) 104 (29.6%)
Nausea 4(3.4%) 10 (8.5%) 11(9.3%) 3(11.2%) 34 (9.7%)
Dizziness 0 7 (6.0%) 9(7.6%) 9(7.8%) 25(7.1%)
Upper respiratory infection 1(9.3%) 2(1.7%) 4 (3.4%) 4 (3.4%) 0(2.8%)
Nasopharyngitis 0(8.5%) 6(5.1%) 7 (5.9%) 7 (6.0%) 20 (5.7%)
Dry mouth 0 2(1.7%) 2(1.7%) 7(6.0%) 11(8.1%)
Diarrhea 7(5.9%) 1(0.9%) 5(4.2%) 4(3.4%) 10 (2.9%)
Fatigue 3(2.5%) 5 (4.3%) 7(5.9%) 4(3.4%) 16 (4.6%)
Vomiting 1(0.8%) 2(1.7%) 2(1.7%) 6(5.2%) 10 (2.9%)
Urinary tract infection 5(4.2%) 3(2.6%) 6(5.1%) 6(5.2%) 5(4.3%)
Dyspepsia 6(5.1%) 4(3.4%) 2(1.7%) 4(3.4%) 0(2.9%)

and did not recur), and mild or moderate in severity. Nausea
was reported in 9.7% of the lorcaserin-treated patients, and
typically occurred early in the study and lasted 1-2 days. The
mean weight loss at day 85 did not differ between patients who
reported nausea at any time during the study and those who
did not (data not shown). Five serious AEs occurred during the
study: two events (a kidney stone and an episode of pneumo-
nia) occurred in the same placebo patient. An episode of major
depression reported on Study day 100 (10 days after study drug
was stopped) was reported in a patient who had a prior history
of mood disorder who took lorcaserin 10 mg q.d. A new-onset
seizure was reported on Study day 71 in a patient taking lor-
caserin 10 mg b.i.d. There was no evidence of a focal process,
and a spike, slow-wave pattern typical of an idiopathic seizure
disorder was observed by electroencephalography. Finally, a
23 year old woman in the placebo group suffered a miscarriage
shortly after study discontinuation.

DISCUSSION
Lorcaserin is a highly selective and potent 5-HT,. agonist
that is being evaluated clinically for weight loss. Because of its
selectivity, lorcaserin is predicted to have minimal activity at
5-HT,, and even less activity at 5-HT,, receptor subtypes at
therapeutic concentrations. The present study evaluated the
efficacy and safety of lorcaserin at three doses administered to
obese, otherwise healthy adults for 12 weeks. To evaluate drug
effects in isolation and to avoid a potentially confounding vari-
able, diet and exercise modifications were not included in this
phase 2 trial.
Lorcaserinwasassociated with progressive,dose-dependent,
significant weight loss as compared to placebo over the
12-week study. By completer analysis, weight reductions of
1.8, 2.6, and 3.6 kg were observed at 10 mg q.d., 15mg q.d.,
and 10mg b.i.d., respectively, compared to placebo weight
loss of 0.3kg (P < 0.001 for each group), and similar results
were obtained by ITT-LOCF analysis. The weight loss was
apparent within 2 weeks, and was progressive throughout
the 12-week treatment period. Of note, the weight loss
in lorcaserin-treated patients was achieved without the
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prescription of concurrent calorie restriction or increased
physical activity. Lorcaserin was efficacious across all levels
of obesity at 15mg q.d. and at 10 mg b.i.d. Very few patients
in the lorcaserin groups who remained in the study failed to
respond to the drug; only 7 of the 77 completers in the 10 mg
b.i.d. group lost no weight.

The placebo-corrected weight loss of 3.6 kg in the 10 mg b.i.d.
group at 12 weeks, which was achieved without concurrent diet
or exercise modification, is comparable to weight reductions
observed at 12 weeks in longer-term trials of agents like sibu-
tramine (37,38), rimonabant (39,40), or pramlintide (41,42).
The maximum magnitude and the durability of the weight loss
effect of lorcaserin will be determined in longer-term trials.

Lorcaserin-associated weight loss was accompanied by
significant, dose-dependent decreases in several markers of
cardiovascular risk, including plasma cholesterol, waist circum-
ference and fasting glucose. In addition, serum uric acid, a car-
diovascular risk marker that was not a prespecified end point,
was modestly reduced in a dose-dependent manner in patients
who took lorcaserin. The slight decrease in HDL-cholesterol in
this relatively brief trial may reflect the redistribution of HDL
subtypes that has been described during the first few weeks of
weight loss (43). There were no adverse effects on systolic or
diastolic blood pressure.

The most frequent AEs observed in lorcaserin-treated
patients were headache, nausea, and dizziness. The absence of
effects specifically attributable to the 5-HT,, receptor is consist-
ent with preclinical studies that showed no 5-HT,, behavioral
effects. Activation of the 5-HT,, receptor in man is predicted
to cause primarily neuropsychiatric effects, potentially includ-
ing changes in cognition, perception or mood (44-46). There
was no lorcaserin-related increase in such events in the present
trial, either through reported AEs or through VASs. In rodents,
known 5-HT,,-associated behaviors include wet dog shakes,
which were not observed at doses of lorcaserin that produced
robust reductions in weight gain in rats (20). These observations
suggest that therapeutic doses of lorcaserin do not significantly
activate central 5-HT,, receptor pathways. In the present trial,
the plasma lorcaserin concentration at 2 h after first dosing was
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~160nmol/] after 10 mg lorcaserin and 230 nmol/l after 15mg.
Based on phase 1 clinical data using a 10-mg dose, steady state
C,,, Vvalues are projected to be ~30% higher than the C__ after
the first dose (data not shown). The EC, measured in in vitro
functional assays of lorcaserin activity at the 5-HT,, receptor is
168 nmol/1 (20). We are uncertain how to reconcile the apparent
lack of central 5-HT,, effects with observed plasma lorcaserin
concentrations. Possible explanations include lack of lorcaserin
penetration in relevant brain areas, inaccurate predictions from
the in vitro assay (perhaps because of differing receptor occu-
pancy or receptor number in transfected cells vs. native tissue),
partial agonism at the 5-HT,, receptor, differential receptor
signaling (47), or other pharmacodynamic phenomena such as
protein binding which may limit receptor occupancy in vivo.

A second theoretical concern related to lorcaserin receptor
specificity is activation of the 5-HT,, receptor. Stimulation of
the 5-HT,, receptor has been implicated in the cardiac toxicity
of nonselective serotonergic drugs (23-30). In the present study,
plasma drug levels were well above the in vitro EC_| for the
5-HT, . receptor (9nmol/l), and well below the in vitro 5-HT,,
receptor EC, of 943nmol/l. Thus, it is apparent that greater
lorcaserin concentrations are required to achieve efficacy
in vivo than are predicted from in vitro EC,  data for the 5-HT, .
receptor that were obtained using an IP3 generation assay (20).
Although the precise reason for this discrepancy is unclear,
possible explanations include processes that may limit recep-
tor occupancy or influence receptor signaling in vivo, such as
protein binding and/or tissue distribution effects, or other similar
phenomena as mentioned previously for the 5-HT,, receptor.

Hence, we believe that the in vitro 5-HT,. and 5-HT,, potency
measurements underestimate the plasma levels of lorcaserin
required for significant receptor activation in vivo. Similarly,
in vitro EC_ for lorcaserin at the 5-HT,, receptor is also likely
to be an underestimate of plasma drug levels required in vivo to
significantly activate this receptor, and based on these data we
believe it is unlikely that lorcaserin will activate 5-HT,, receptors
significantly in vivo. Consistent with this prediction, lorcaserin
administration for 12 weeks was not associated with change in
insufficiency of any heart valve; nor was systolic PAP increased.

Retrospective analyses of fenfluramine and dexfenfluramine
use suggested that significant valvulopathy (mild or greater
aortic regurgitation, or moderate or greater mitral regurgi-
tation) occurred in ~12% of treated patients, vs. ~5.9% of
patients who received placebo or who were selected as controls
(48). The incidence of fenfluramine-associated valvulopathy
appeared to be time-dependent, increasing after 3 months
exposure (48,49). The duration of the present trial was prob-
ably sufficient to observe heart valve liability of a magnitude
comparable to that observed with fenfluramine. However,
a more definitive assessment requires longer-term studies of
lorcaserin in greater numbers of patients.

Limitations of the present study include its relatively brief
duration and the selection of relatively healthy patients for
participation. Whether the significant weight loss in the
12-week study predicts greater and sustained weight reduction
with longer term use remains to be determined. Moreover, it
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is not yet known whether the favorable effects of lorcaserin on
some cardiovascular risk markers will be observed in patients
with pre-existing cardiovascular comorbidities. The results
of echocardiographic safety monitoring were performed in a
selected population that lacked selected pre-existing echocar-
diographic findings; whether the results can be generalized to
an unselected population will be determine in future trials.
Finally, a definitive evaluation of the cardiac safety of lorca-
serin will require a larger trial or longer duration.

In summary, lorcaserin is a novel, selective 5-HT, . agonist that
was well tolerated and effective for weight loss in obese, other-
wise healthy adults during a 12-week dosing period. Lorcaserin
reduced not only body weight, but decreased other cardiovascu-
lar and metabolic risk factors as well. These results justify further
evaluation of lorcaserin in long-term safety and efficacy trials.

ACKNOWLEDGMENTS

We and investigators thank Neil Weissman for helpful discussions
regarding echocardiographic data, and Harvey Kushner (BioMedical
Computer Research Institute, Inc.) for assistance with statistical analysis
of echocardiograms. The APD356-004 Study Group extends its gratitude to
the patients who participated in the study and to their families. This study
was registered as Trial #NCT00116740 with ClinTrials.gov.

DISCLOSURE

W.A.P, D.J.D., M.E.M., C.M.A., and W.R.S. are employees of Arena
Pharmaceuticals, which sponsored the clinical trial described in the
manuscript.

© 2008 The Obesity Society

REFERENCES

1. National Center for Health Statistics, Health, United States; 2005 Chartbook
on Trends in the Health of Americans Hyattsville, Maryland.

2. Clinical Guidelines on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults 1998 The National Heart, Lung, and
Blood Institute; NIH Publication No. 98-4083. <http://www.nhlbi.nih.gov/
guidelines/obesity/ob_home.htm>. Accessed 12 August 2006.

3. Emst ND, Obarzanek E, Clark MB et al. Cardiovascular health risks related
to overweight. J Am Diet Assoc 1997;97(7 Suppl):S47-S51.

4. Stamler R, Stamler J, Riedlinger WF, Algera G, Roberts RH. Weight and
blood pressure. Findings in hypertension screening of 1 million Americans.
JAMA 1978;240:1607-1610.

5. Criqui MH, Mebane I, Wallace RB, Heiss G, Holdbrook MJ. Multivariate
correlates of adult blood pressures in nine North American populations: the
Lipid Research Clinics Prevalence Study. Prev Med 1982;11:391-402.

6. Larsson B, Bjorntorp P, Tibblin G. The health consequences of moderate
obesity. Int J Obes 1981;5:97-116.

7. Medalie JH, Papier C, Herman JB et al. Diabetes mellitus among 10,000
adult men. |. Five-year incidence and associated variables. Isr J Med Sci
1974;10:681-697.

8. Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an
independent risk factor for cardiovascular disease: a 26-year follow-up of
participants in the Framingham Heart Study. Circulation 1983;67:968-977.

9. Hochberg MC, Lethbridge-Cejku M, Scott WW Jr et al. The association of
body weight, body fatness and body fat distribution with osteoarthritis of
the knee: data from the Baltimore Longitudinal Study of Aging. J Rheumatol
1995;22:488-493.

10. Young T, Palta M, Dempsey J et al. The occurrence of sleep-disordered
breathing among middle-aged adults. N Engl J Med 1993;328:1230-1235.

11. National Institutes of Health Consensus Development Conference
Statement. Health implications of obesity. Ann Intern Med 1985;103(6, Pt 2):
1073-1077.

12. Goldstein DJ. Beneficial health effects of modest weight loss. Int J Obes
Relat Metab Disord 1992;16:397-415.

18. Leibowitz SF, Weiss GF, Shor-Posner G. Hypothalamic serotonin:
pharmacological, biochemical, and behavioral analyses of its feeding-
suppressive action. Clin Neuropharmacol 1988;11(Suppl 1):S51-S71.

501



ARTICLES

INTERVENTION AND PREVENTION

14.

15.

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

30.

31.

Bickerdike MJ. 5-HT2C receptor agonists as potential drugs for the
treatment of obesity. Curr Top Med Chem 2003;3:885-897.
Lopez-Gimenez JF, Mengod G, Palacios JM, Vilaro MT. Regional distribution
and cellular localization of 5-HT2C receptor mRNA in monkey brain:
comparison with [*H]mesulergine binding sites and choline acetyltransferase
mRNA. Synapse 2001;42:12-26.

. Pasqualetti M, Ori M, Castagna M et al. Distribution and cellular localization

of the serotonin type 2C receptor messenger RNA in human brain.
Neuroscience 1999;92:601-611.

. Vickers SP, Dourish CT. Serotonin receptor ligands and the treatment of

obesity. Curr Opin Investig Drugs 2004;5:377-388.

. Smith SR, Prosser W, Donahue D, Anderson CM, Shanahan W. APD356, an

orally-active selective 5-HT-2C agonist, reduces body weight in obese adult
men and women. Diabetes 2006;55(Suppl 1):A80 (Abstract).

. Smith SR, Anderson J, Frank A et al. Effect of APD356, a selective 5-HT2C

agonist, on weight loss in a 4-week study of healthy obese patients. Obes
Res 2005;13(Suppl):A1-A218 (Abstract).

Thomsen WJ, Grottick AJ, Menzaghi F et al. Lorcaserin, a novel selective
human 5HT,, agonist: in vitro and in vivo pharmacological characterization.
J Pharmacol Exp Ther 2008; e-pub ahead of print 5 February 2008.

Smith BM, Smith JM, Tsai JH et al. Discovery and structure-activity
relationship of (1R)-8-chloro-2,3,4,5-tetrahydro-1-methyl-1H-3-benzazepine
(lorcaserin), a selective serotonin 5-HT,, receptor agonist for the treatment of
obesity. J Med Chem 2008;51:305-313.

Rothman RB, Baumann MH. Therapeutic and adverse actions of serotonin
transporter substrates. Pharmacol Ther 2002;95:73-88.

Baumann MH, Ayestas MA, Dersch CM, Partilla JS, Rothman RB. Serotonin
transporters, serotonin release, and the mechanism of fenfluramine
neurotoxicity. Ann NY Acad Sci 2000;914:172-186.

Eddahibi S, Adnot S. Anorexigen-induced pulmonary hypertension and the
serotonin (5-HT) hypothesis: lessons for the future in pathogenesis. Respir
Res 2002;3:9.

Rothman RB, Baumann MH, Savage JE et al. Evidence for possible
involvement of 5-HT(2B) receptors in the cardiac valvulopathy associated
with fenfluramine and other serotonergic medications. Circulation
2000;102:2836-2841.

Zanettini R, Antonini A, Gatto G et al. Valvular heart disease and the use of
dopamine agonists for Parkinson’s disease. N Engl J Med 2007;356:39-46.
Schade R, Andersohn F, Suissa S, Haverkamp W, Garbe E. Dopamine
agonists and the risk of cardiac-valve regurgitation. N Engl J Med
2007,356:29-38.

Roth BL. Drugs and valvular heart disease. N Engl J Med 2007;356:6-9.
Fitzgerald LW, Burn TC, Brown BS et al. Possible role of valvular serotonin
5-HT(2B) receptors in the cardiopathy associated with fenfluramine. Mol
Pharmacol 2000;57:75-81.

Launay JM, Hervé P, Peoc’h K et al. Function of the serotonin
5-hydroxytryptamine 2B receptor in pulmonary hypertension. Nat Med
2002;8:1129-1135.

Guidance for Industry, E6 Good Clinical Practice: Consolidated Guidance
Drug Information Branch (HFD-210), Center for Drug Evaluation and
Research (CDER), Rockville, MD; U.S. Department of Health and Human
Services, Food and Drug Administration, Center for Drug Evaluation and
Research (CDER), April 1996; ICH. <http://www.fda.gov/cder/guidance/
index.htm>.

List of Study Investigators and Sites

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

World Medical Association Declaration of Helsinki Ethical Principles for
Medical Research Involving Human Subjects. Adopted by the 18th WMA
General Assembly, Helsinki, Finland, June 1964; Note of Clarification on
Paragraph 30 added by the WMA General Assembly, Tokyo 2004. <http://
www.wma.net/e/policy/pdf/17¢c.pdf> Accessed 28 November 2007.

Bond A, Lader M. The use of analogue scales in rating subjective feelings.
Br J Med Psychol 1974;47:211-218.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983;67:361-370.

Gottdiener JS, Bednarz J, Devereux R et al. American Society of
Echocardiography recommendations for use of echocardiography in clinical
trials. J Am Soc Echocardiogr 2004;17:1086-1119.

Zoghbi WA, Enriquez-Sarano M, Foster E et al. Recommendations

for evaluation of the severity of native valvular regurgitation with two-
dimensional and Doppler echocardiography. J Am Soc Echocardiogr
20083;16:777-802.

Wirth A, Krause J. Long-term weight loss with sibutramine: a randomized
controlled trial. JAMA 2001;286:1331-1339.

Li Z, Maglione M, Tu W et al. Meta-analysis: pharmacologic treatment of
obesity. Ann Intern Med 2005;142:532-546.

Pi-Sunyer FX, Aronne LJ, Heshmati HM et al. Effect of imonabant, a
cannabinoid-1 receptor blocker, on weight and cardiometabolic risk
factors in overweight or obese patients: RIO-North America: a randomized
controlled trial. JAMA 2006;295:761-775.

Despres JP, Golay A, Sjostrom L; Rimonabant in Obesity-Lipids Study
Group. Effects of rimonabant on metabolic risk factors in overweight patients
with dyslipidemia. N Engl J Med 2005;353:2121-2134.

Fujioka K, Aronne L, Chen K. Characterization of obese subjects achieving
5% or greater weight loss after 16 weeks of treatment with the amylin analog
pramlintide. Program and abstracts of the North American Association for
the Study of Obesity 2005 Annual Scientific Meeting; Vancouver, British
Columbia, Canada, 2005, A192 (Abstract).

Weyer C, Aronne L, Fujioka K et al. Safety, Dose-Tolerance, and Weight-
Related Effects of Pramlintide in Obese Subjects With or Without Type 2
Diabetes. 2005. Oral presentation, European Congress on Obesity; Athens,
Greece, 3 June 2005 (Abstract).

Tzotzas T, Dumont L, Triantos A et al. Early decreases in plasma

lipid transfer proteins during weight reduction. Obesity (Silver Spring)
2006;14:1038-1045.

Harvey JA. Role of the serotonin 5-HT(2A) receptor in learning. Learn Mem
20083;10:355-362.

Barnes NM, Sharp T. A review of central 5-HT receptors and their function.
Neuropharmacology 1999;38:1083-1152.

Meltzer HY. The role of serotonin in antipsychotic drug action. Neuropsycho-
pharmacology 1999;21(2 Suppl):S106-S115.

Abbas A, Roth BL. Arresting serotonin. Proc Natl Acad Sci USA
2008;105:831-832.

Sachdev M, Miller WC, Ryan T, Jollis JG. Effect of fenfluramine-derivative
diet pills on cardiac valves: a meta-analysis of observational studies. Am
Heart J 2002;144:1065-1073.

Weissman NJ, Panza JA, Tighe JF, Gwynne JT. Natural history of valvular
regurgitation 1 year after discontinuation of dexfenfluramine therapy.

A randomized, double-blind, placebo-controlled trial. Ann Intern Med
2001;134:267-273.

Principal investigator

Principal investigator

Principal investigator

Jeffrey M. Adelglass, MD Research Across
America 9 Medical Parkway RHD Professional
Plaza 4, Suite 202 Dallas, TX 75234

John M. Agaiby, MD Clinical Investigation
Specialists, Inc 501 N. Riverside Drive, Suite
106 Gurnee, IL 60031

Andrew J. Ahmann, MD Radiant Research,
Inc 5331 SW Macadam Ave. Ste. 307
Portland, OR 97239

Beach, FL 33407

Jeffrey G. Geohas, MD Radiant Research, Inc
Chicago Center for Clinical Research 515 North
State Street, Suite 2700 Chicago, IL 60610

Larry I. Gilderman, DO University Clinical
Research, Inc 1150 North University Drive
Pembroke Pines, FL 33024

Gloria C. Hakkarainen, MD Radiant Research,
Inc 2051 45th Street, Suite 200 West Palm

James M. McKenney, PharmD National Clinical
Research 2809 Emerywood Parkway, Suite 140
Richmond, VA 23294

Michael J. Noss, MD Radiant Research, Inc
7720 Montgomery Road Cincinnati, OH 45236

Monica R. Pierson, MD Radiant Research, Inc
12200 W. 106th Street, Suite 330 Overland
Park, KS 66215

502

Table continued on next page

VOLUME 17 NUMBER 3 | MARCH 2009 | www.obesityjournal.org



ARTICLES

List of Study Investigators and Sites (continued)

INTERVENTION AND PREVENTION

Principal investigator

Principal investigator

Principal investigator

James W. Anderson, MD Metabolic Research
Group 1030 South Broadway, Suite 5
Lexington, KY 40504

Harold Bays, MD Louisville Metabolic and
Atherosclerosis Research Center 3288 lllinois
Avenue Louisville, KY 40213

Bruce Berwald, MD Radiant Research, Inc
522 N. New Ballas Road, Ste. 240 St. Louis,
MO 63141

Robert S. Call, MD Commonwealth Clinical
Research Specialists 2010 Bremo Road, Suite
115 Richmond, VA 23226

Antonio Caos, MD Central Florida Clinical
Studies 10000 W. Colonial Drive, Ste. 289
Ocoee, FL 34761

David G. Carfagno, DO Radiant Research, Inc
333West Thomas Road, Suite 100 Phoenix,
AZ 85013

Gordon T. Connor, MD Radiant Research,
Inc 516 Brookwood Boulevard, Suite 209
Birmingham, AL 35209

William T. Ellison, MD Radiant Research, Inc
552-A Memorial Drive Extension Greer, SC
29651

Ronald D. Emkey, MD Radiant Research, Inc
1235 Penn Avenue, Suite 305 Wyomissing,
PA 19610

Roy M. Fleischmann, MD Radiant Research,
Inc 5939 Harry Hines Boulevard, Suite 441
Dallas, TX 75235

Arthur Frank, MD George Washington University
Weight Management Program 3 Washington
Circle NW, Ste. 208 Washington, DC 20037

Stephen W. Halpern, MD Radiant Research, Inc
500 Doyle Park Drive, Suite 106 Santa Rosa,
CA 95405

Dana Headapohl, MD Montana Neuroscience
Institute Foundation St. Patrick Hospital and
Health Sciences Center 500 West Broadway
Missoula, MT 59802

Curtis Scott Horn, MD Quality Research, Inc
308 West Sunset Road, Suite 102 San Antonio,
TX 78209

Spencer B. Jones, MD Radiant Research, Inc
448 East 6400 South, Suite 200 Salt Lake City,
UT 84107

Ken Fujioka, MD Nutrition and Metabolic
Research Center Scripps Clinic Del Mar 12395
El Camino Real, Suite 317 San Diego, CA 92130

Roy A. Kaplan, MD East Bay Clinical Trial Center
2700 Grant Street, Suite 200 Concord, CA
94520

Mark S. Kipnes, MD Diabetes & Glandular
Disease Clinic, PA 5107 Medical Drive San
Antonio, TX 78229

Diane R. Krieger, MD Miami Research
Associates 6280 Sunset Drive, Suite 600
Miami, FL. 33143

Sharyl Magnuson, MD Lovelace Scientific
Resources 2441 Ridgecrest Drive, SE
Albuquerque, NM 87108

Thomas C. Marbury, MD Orlando Clinical
Research Center 5055 South Orange Avenue
Orlando, FL 32809

F. Timm McCarty, DO Radiant Research,
Inc 7555 East Osborn Road, Suite 200
Scottsdale, AZ 85251

Bryan C. Pogue, MD Radiant Research, Inc
6565 West Emerald Street Boise, ID 83704

Krishna K. Pudi, MD Upstate Pharmaceutical
Research 304 South Main Street Simpsonville,
SC 29681

Michele D. Reynolds, MD Radiant Research,
Inc 7515 Greenville Avenue, Ste. 801 Dallas, TX
75231

Joseph Sapanaro, MD Drug Study Institute 1004
South Old Dixie Highway, Suite 201 Jupiter, FL
33458

Douglas R. Schumacher, MD Radiant Research,
Inc 1275 Olentangy River Road, Suite 202
Columbus, OH 43212

Randall J. Severance, MD Radiant Research,
Inc 1600 W. Chandler Boulevard, Suite 110
Chandler, AZ 85224

Lawrence Sherman, MD Radiant Research, Inc
9665 Chesapeake Drive, Suite 200 San Diego,
CA 92123

Stuart J. Simon, MD Radiant Research, Inc 3820
Medical Park Dr., Suite 1100 Austell, GA 30106

Steven R. Smith, MD Pennington Biomedical
Research Center Louisiana State University
6400 Perkins Road Baton Rouge, LA 70808

Michael W. Warren, MD Research Across
America 3351 Perkiomen Avenue Reading, PA
19606

James H. Zavoral, MD Radiant Research, Inc
6545 France Avenue S., Suite 290 Minneapolis,
MN 55435

OBESITY | VOLUME 17 NUMBER 3 | MARCH 2009

503



	Lorcaserin (APD356), a Selective 5-HT2C Agonist, Reduces Body Weight in Obese Men and Women
	Abstract
	Introduction
	Methods and Procedures
	Ethics and compliance
	Hypotheses and study design
	Patients
	VASs
	Echocardiographic studies
	Blood collection and analyses
	Statistical analysis

	Results
	Patient disposition
	Patient demographics
	Change in body weight
	Secondary efficacy end points
	Pharmacokinetics
	Bond and Lader VAS
	Safety analysis: echocardiograms
	AEs

	Discussion
	Acknowledgments
	Disclosure
	References


