Psychopharmacology (2008) 200:317-331
DOI 10.1007/s00213-008-1207-7

ORIGINAL INVESTIGATION

Efficacy and safety of bifeprunox in patients with an acute
exacerbation of schizophrenia: results from a randomized,
double-blind, placebo-controlled, multicenter,

dose-finding study

Daniel E. Casey - Earl E. Sands - Jens Heisterberg -
Hwa-Ming Yang

Received: 2 August 2007 / Accepted: 15 May 2008 /Published online: 4 July 2008

© Springer-Verlag 2008

Abstract

Rationale Bifeprunox is a partial dopamine agonist with a
unique receptor-binding profile and potential antipsychotic
properties.

Objectives The current study evaluated the efficacy and
safety of bifeprunox in patients with an acute exacerbation
of schizophrenia.

Materials and methods In this 6-week, double-blind, placebo-
controlled study, 589 patients were randomly assigned to
once-daily treatment with bifeprunox 5, 10, or 20 mg, placebo,
or risperidone 6 mg. Efficacy was assessed by changes in
symptom rating scales [Positive and Negative Syndrome Scale
(PANSS) total and subscale scores; PANSS-derived BPRS
scores; Clinical Global Impression—Severity (CGI—S) and
Clinical Global Impression—Improvement (CGI—I) scores].
Safety and tolerability were assessed by monitoring adverse
events, extrapyramidal symptoms (EPS), laboratory values,
electrocardiograms, prolactin levels, and weight.

Results Compared with placebo, bifeprunox 20 mg pro-
duced a statistically significantly greater reduction from
baseline to last assessment in the primary efficacy variable
(PANSS total score; effect size=—0.339), as well as most
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secondary efficacy measures. No statistically significant
differences in efficacy were seen with lower doses of
bifeprunox. The most common treatment-emergent adverse
events (TEAEs) noted with bifeprunox were gastrointesti-
nal; no clear dose-related trend in the incidence of any
TEAE was observed in the bifeprunox groups. Compared
to placebo, treatment with bifeprunox led to small but
statistically significant decreases in weight and prolactin
levels. EPS were comparable between bifeprunox and
placebo. The active reference in this study, risperidone 6
mg, showed statistically significant differences from place-
bo for the primary efficacy parameter (effect size=—0.628)
and all secondary efficacy parameters.

Conclusions These data suggest that 20 mg of bifeprunox
may be efficacious in improving symptoms in patients with an
acute exacerbation of schizophrenia. Bifeprunox appeared to
be safe and well tolerated by patients in this 6-week study.
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Introduction

Antipsychotic medications are a cornerstone of treating
schizophrenia, a chronic, disabling mental illness. Typical
or first-generation antipsychotic compounds, first discov-
ered in the early 1950s, work principally through blockade
of the dopamine D, receptor. These typical compounds,
such as chlorpromazine and other phenothiazines, revolu-
tionized treatment options for patients by alleviating the
positive symptoms associated with schizophrenia (Dixon
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et al. 1995). Unfortunately, these agents are associated with
extrapyramidal symptoms (EPS) such as akathisia, parkin-
sonism, dystonia, and tardive dyskinesia (Gerlach 2002).

More recently developed antipsychotics such as risper-
idone, olanzapine, quetiapine, and ziprasidone are antago-
nists for both serotonin (5-hydroxytryptophan or 5-HT) and
dopamine receptors. These atypical antipsychotics display
at least similar efficacy compared with the typical anti-
psychotics and are associated with decreased risks for EPS
(e.g., Davis et al. 2003; Heiberg and Nielsen 2006;
Lieberman et al. 2005; Leucht et al. 1999; Miller et al.
1998; Tandon et al. 2008), although atypical antipsychotics
are not a homogenous group. In fact, the available atypical
antipsychotics may differ in terms of efficacy (e.g., Davis
et al. 2003; Lieberman et al. 2005), although some analyses
have suggested there is little or no difference in efficacy
across atypical agents (Tandon et al. 2008; Tandon and
Fleischhacker 2005). The evidence is clearer that meaning-
ful differences exist in terms of individual tolerability
profiles. The use of certain atypical antipsychotics is
associated with adverse metabolic effects, including weight
gain, hyperglycemia, insulin resistance, diabetes, and
elevation in triglyceride and cholesterol levels (e.g., ADA
et al. 2004; Newcomer 2006; Meyer and Koro 2004;
Tandon et al. 2008). For example, increased weight and
central body fat deposition, as well as plasma glucose
dysregulation, have been associated with olanzapine use,
and an elevated risk for dyslipidemia has been associated
with the use of quetiapine and olanzapine (Lieberman et al.
2005; Graham et al. 2005; Newcomer et al. 2002).

An adverse metabolic profile associated with the use of
certain antipsychotics is particularly undesirable in patients
with schizophrenia who are already burdened with elevated
cardiometabolic risk due primarily to a clustering of risk
factors such as abdominal obesity, atherogenic dyslipidemia,
hypertension, and insulin resistance or glucose intolerance
(Casey 2005; Newcomer 2005). In fact, patients with schizo-
phrenia have demonstrated a significantly higher 10-year
coronary heart disease (CHD) risk versus controls (Goff
et al. 2005) and an increased incidence of metabolic
syndrome (Ford et al. 2002; Heiskanen et al. 2003; McEvoy
et al. 2005), highlighting the urgent need for novel,
efficacious antipsychotic compounds that do not exacerbate
metabolic risk.

Partial dopamine agonists represent a distinct subgroup
of atypical antipsychotic compounds, with a mechanism of
action different from that of other antipsychotics. These
partial dopamine agonists have lower intrinsic activity than
full agonists at dopamine receptors, allowing them to act
either as functional agonists or antagonists, depending on
the surrounding levels of endogenous neurotransmitter
(Potkin et al. 2003; Lieberman 2004; Hirose et al. 2004;
Simpson 2005). Bifeprunox (7-[4-([1,1'-biphenyl]-3-
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ylmethyl)-1-piperazinyl]-2(3H)-benzoxazolone monome-
thanesulphonate) is a partial dopamine D, agonist and
5-HT A partial agonist, with high affinity for both the D,
and 5-HT; receptors (Long et al. 2000; Van Vliet et al.
2000; Hesselink et al. 2003; De Vries et al. 2003; Cosi et al.
2006; Wolf 2003; Newman-Tancredi et al. 2005). Bifeprunox
also displays a high affinity for D; and D, receptors, low
affinity for o1 and muscarinic receptors, and no appreciable
affinity for 5-HT,5, SHT,c, or histaminergic receptors
(Marquis et al. 2005).

In preclinical studies, bifeprunox demonstrated a low
propensity to induce EPS in rats and induced mild dystonia
and EPS in monkeys (Van Vliet et al. 2000; Yang et al. 2003;
Casey et al. 2000). Furthermore, in both in vitro and animal
models, bifeprunox showed minimal impact on prolactin
levels. Finally, bifeprunox has a unique receptor-binding
profile, especially its low affinity for H1, SHT,c, and
muscarinic receptors. Activity at these receptors, particularly
H1 and 5-HT,c, has been implicated as a mechanism in
antipsychotic-induced weight gain (Kim et al. 2007; Kroeze
et al. 2003; Matsui-Sakata et al. 2005). Weight gain is a risk
factor for multiple morbidities, including glucose dysregula-
tion and diabetes (Newcomer 2005), and the activity of some
antipsychotics, particularly at HI or serotonergic receptors,
may also play a direct role in the development of diabetes,
independent of weight gain (Matsui-Sakata et al. 2005;
Newcomer 2005; Schwenkreis and Assion 2004).

The study presented here was designed to evaluate the
efficacy and safety of different doses of bifeprunox in
patients with an acute exacerbation of schizophrenia.

Materials and methods

This 6-week, randomized, double-blind, fixed-dose, place-
bo-controlled, parallel-group study to assess the efficacy,
tolerability, and safety of bifeprunox in patients with an acute
exacerbation of schizophrenia was conducted at 35 US and 2
Canadian centers from June 2002 to June 2003. Risperidone
was used as an active reference for assay sensitivity.

The study was reviewed by all appropriate governing
ethical committees before recruitment and was performed
under the ethical principles laid down by Good Clinical
Practices and the Declaration of Helsinki. Informed consent
by the patient or a legally acceptable representative was
required.

Patient population

Male and nonpregnant, nonlactating female patients 18 to
65 years of age with a current diagnosis of schizophrenia
(American Psychiatric Association [DSM-IV-TR] 2000)
were eligible to enter the study. Patients were required
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to have a total Positive and Negative Syndrome Scale
(PANSS) score between 70 and 120; a baseline (day 1)
score >4 on at least two of the following PANSS items:
conceptual disorganization, hallucinatory behavior, suspi-
ciousness, or unusual thought content; and a Clinical
Global Impression—Severity (CGI—S) score >4, indicat-
ing at least moderate illness.

Patients were excluded from the study if they had a
current psychiatric diagnosis other than schizophrenia that
was expected to interfere with the study, had a current
diagnosis or history of substance abuse (except for
cannabinoid, nicotine, and caffeine) or alcohol abuse within
6 months before baseline (day 1), were at significant risk of
suicide or violent behavior, had failed to respond to
adequate courses of treatment (with reference to dose and
duration) with two or more antipsychotic compounds
belonging to different classes, were hospitalized with the
current psychotic episode for >4 weeks, or showed
clinically relevant abnormal vital signs or laboratory values.
Other exclusion criteria included uncontrolled major med-
ical illnesses, ischemic heart disease, history of myocardial
infarction, coronary bypass surgery, coronary angioplasty,
or clinically relevant electrocardiographic (ECG) abnormal-
ities, or current treatment with any disallowed medications
or continuous anticholinergic therapy for EPS.

Study design

The study included a 6-week, double-blind treatment period
and a 1-week follow-up visit (week 7) after treatment
discontinuation. Patients with an acute exacerbation of
schizophrenia were hospitalized, starting from the screening
period until at least 2 weeks after baseline evaluation.
Patients could be hospitalized longer than 2 weeks, up to
the full length of the study duration, if investigators deemed
it necessary. Eligible patients were randomized to one of
five treatment arms: bifeprunox 5, 10, or 20 mg, risperidone
6 mg, or placebo. After completing a single-blind placebo
lead-in period (minimum of 3 days), subjects were titrated
up according to a forced-dose titration schedule (Table 1).
Once the target dose was reached, patients were maintained
on that dose throughout the remainder of the study (approx-
imately 5 weeks for patients receiving bifeprunox and 5 1/2
weeks for those receiving risperidone). Study compounds
were administered orally, once daily, at approximately the
same time of day; inpatient dosing was supervised.
Measurements of psychiatric efficacy and movement
disorders were conducted at day 1 (baseline) and weekly
intervals (excluding week 5). Prolactin levels were assessed
on day 1 (baseline) and at weeks 1, 2, 4, 6, and 7 (post-
study follow-up). Vital signs were measured at the
screening visit, baseline, and weekly over 6 weeks.
Electrocardiograms were performed at screening, baseline,

week 1, and week 6. If any significant abnormalities were
observed at week 6, an ECG was repeated at week 7.
Laboratory measurements were performed at the screening
and baseline visits and at weeks 1, 2, 4, and 6. If any
significant findings were noted at week 6, laboratory
measurements were repeated at week 7.

Concomitant medications

Specific adjunctive rescue compounds for the control of
psychiatric symptoms and EPS included lorazepam, chloral
hydrate, benztropine, and biperiden. The following com-
pounds were allowed to manage medical conditions that
might occur during the study: zolpidem or zaleplon for
insomnia, milk of magnesia or docusate sodium for
constipation, attapulgite for diarrhea, aluminum and mag-
nesium hydroxide for gastrointestinal upset, and acetamin-
ophen or ibuprofen for pain. In addition, prochlorperazine
could be used as needed for nausea and vomiting; the
duration of such treatment was to be kept to a minimum.

Efficacy measures

The primary efficacy measure was the change from baseline
to last assessment in PANSS total 30-item score. All
PANSS items were measured on a scale ranging from 1
(absent) to 7 (extreme). Patients were considered to be
PANSS responders if their PANSS total score was reduced
by 20% or more from baseline. In exploratory analyses,
responder rates were also assessed using 25%, 30%, and
35% definitions of response. Secondary efficacy analyses
included the change from baseline to last assessment on the
PANSS positive, negative, and general psychopathology
subscales, as well as the Brief Psychiatric Rating Scale
(BPRS) total score derived from PANSS items P2 to P7, N1
and N2, and G1 to G10 (this BPRS score can range from 18
to 126; Kay et al. 1987). The change in psychosis cluster
scores from the BPRS [defined as the mean score from four
PANSS items (conceptual disorganization, hallucinatory
behavior, suspiciousness, and unusual thought content)]
was also analyzed. Finally, secondary efficacy analyses
were performed using the CGI—S and Clinical Global
Impression—Improvement (CGI—I) scores.

Safety measures

The following safety assessments were performed at
designated study visits: physical examination, adverse
event (AE) monitoring, monitoring of vital signs (including
pulse, systolic/diastolic blood pressure, and oral tempera-
ture), clinical laboratory values (including hematology,
biochemistry, and urinalysis), 12-lead ECG, and documen-
tation of weight, concomitant medications, and use of
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Table 1 Dose titration schedules (in mg)

Treatment group Study day

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
BX 5 mg 0.125 0.25 0.5 1 2 5 5 5
BX 10 mg 0.125 0.25 0.5 1 2 5 10 10
BX 20 mg 0.125 0.25 0.5 1 2 5 10 20
PBO - - - - -
RISP 6 mg 2 4 6 6 6 6 6

BX Bifeprunox, PBO placebo, RISP risperidone

anticholinergic treatment. EPS were evaluated with the
Simpson-Angus Scale (SAS), Abnormal Involuntary Move-
ment Scale (AIMS), and the Barnes Akathisia Scale (BAS).

Statistical analysis

Descriptive statistics were used to summarize and present
patient demographic information and efficacy and safety
measures.

Efficacy analyses were performed on the intent-to-treat
(ITT) population, using both last observations carried
forward (LOCF) and observed case (OC) data sets. LOCF
analyses are presented in this report unless otherwise noted.
The ITT population was defined as all randomized patients
who took at least one dose of double-blind study compound
and had at least one post-baseline measure of the primary
efficacy parameter (PANSS total score). For the primary study
measure (the change in PANSS total score from baseline to
last assessment), analysis of covariance (ANCOVA) was
performed, with treatment (excluding risperidone) and center
as fixed factors and baseline total PANSS score as covariate.
In addition, for the primary efficacy analyses, multiple
comparisons among bifeprunox 5-, 10-, and 20-mg doses
versus placebo were performed using step-down Dunnett’s
procedure at a family-wise error rate <0.0499 (reduced per
penalty for an interim analysis). All secondary efficacy
measures were analyzed without correction for multiple
comparisons using this same ANCOVA model, with baseline
value of each measure as the covariate, except for CGI—I and
responder rates. CGI—I scores and PANSS responder rates
were analyzed using the Cochran-Mantel-Haenszel (CMH)
chi-square test with pooled center as strata, when appropriate,
or Fisher’s exact test.

Post hoc significance testing between risperidone and
placebo on efficacy endpoints was based on an ANCOVA
model separate from that used for bifeprunox versus placebo;
these analyses were based on a model that included all
treatment groups, but only tested risperidone versus placebo.
Effect sizes for the primary efficacy endpoint (total PANSS)
and key secondary efficacy endpoints (PANSS positive and
negative scores; CGI—S and CGI—I) were each computed
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as the difference between treatment group and placebo group
in mean change from baseline, divided by the common SD.
For CGI—I, analyses were based on mean values at last
assessment rather than on mean change from baseline.

Safety analyses were performed by summarizing adverse
events, concomitant medications, and SAS, AIMS, and BAS
scores for each treatment arm. Post hoc analyses were also
completed for changes in weight and prolactin levels.
Confidence intervals and pairwise comparisons for these
analyses were based on an ANCOVA model including all
treatment groups.

Sample size and power calculation

The sample size calculation was based on the primary efficacy
measure. A sample size of approximately 115 patients per
treatment group was required to detect with 85% power an
effect size of 0.4 (i.e., a treatment difference versus placebo of
at least 40% of the pooled standard deviation) at week 6
(LOCF) using a two-sided ¢ test at a 0.05 level of
significance. Assuming a 40% dropout rate, this sample size
ensured approximately 80% power in detecting the requisite
effect size for the OC data set at week 6.

Interim analysis

One unblinded interim analysis was performed by an
independent statistician when approximately one-half of
enrolled patients had completed the study. The purpose of
this interim analysis was to permit the design of subsequent
studies. No early study termination was allowed on the
basis of the results of this analysis, which were confidential
and not disseminated to study sites or any study personnel.

Results
Patient disposition and demographics

Of the 836 patients who were screened, 589 patients (male
and female) were randomized, as shown in Table 2. A total
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Table 2 Subject disposition
Parameter Treatment group
BX 5 mg BX 10 mg BX 20 mg PBO RISP 6 mg Overall
Patients screened, n 836
Patients randomized, n 115 120 115 119 120 589
Patients who completed the study, n (%) 49 (43) 43 (36) 58 (50) 49 (41) 59 (49) 258 (44)
Patients who withdrew from the study, n (%) 66 (57) 77 (64) 57 (50) 70 (59) 61 (51) 331 (56)
Reason for withdrawal, n (%)
Lack of efficacy 18 (16) 35 (29) 17 (15) 27 (23) 8 (7) 105 (18)
Adverse event® 11 (10) 12 (10) 9 (8) 13 (11) 17 (14) 62 (11)
Lost to follow-up 10 (9) 4(3) 7 (6) 6 (5) 7 (6) 34 (6)
Protocol violation 3(3) 303) 2(2) 2(2) 54 15 (3)
Withdrew consent” 24 (21) 21 (18) 17 (15) 21 (18) 21 (18) 104 (18)
Other 0 2(2) 5@4) 1 (<1) 303) 11 (2)

All percentages are based on the total number of patients randomized.
#One subject in the bifeprunox 5 mg group and one subject in the placebo group died. One additional patient died before receiving any study
compound after failing during screening due to uncontrolled hypertension.
® Withdrew consent includes discontinuation for personal reasons, patients indicating that they no longer wanted to continue, or that they felt they

were not benefiting from the compound, or had complaints of unwanted side effects.

BX Bifeprunox, PBO placebo, RISP risperidone

of 258 patients (44%) completed the study, ranging from
36% on bifeprunox 10 mg to 50% on bifeprunox 20 mg
(Table 2). Reasons for discontinuation are also summarized
in Table 2; the most common reasons for subject discon-
tinuation were lack of efficacy and withdrawal of consent
(each occurred in 18% of the entire sample). Patients’
baseline demographics and clinical characteristics, includ-
ing disease severity as rated using PANSS total scores, were
similar for all treatment groups (Table 3). Most of the
patients in this study were male (75%); the median patient
age was 42 years.

Primary efficacy measure

Treatment with bifeprunox 20 mg produced a statistically
significant greater mean reduction in PANSS total score from
baseline to last assessment (P value adjusted for multiple
comparisons=0.031) compared with placebo (Table 4).
Bifeprunox 20 mg began to separate from placebo on the
primary efficacy measure as early as week 1 (Fig. 1). At last
assessment, neither bifeprunox 5 or 10 mg produced mean
changes (—9.7 and -5.0 points, respectively) that were
statistically different from those for placebo. The risperidone

Table 3 Demographics and baseline characteristics: intent-to-treat population

Demographics and characteristics Treatment group

BX 5 mg BX 10 mg BX 20 mg PBO RISP 6 mg Overall
Total number of patients 110 118 111 114 116 569
Age in years, mean (SD) 40.7 (9.5) 40.4 (10.6) 40.8 (9.9) 40.8 (9.4) 41.1 (8.6) 40.8 (9.6)
Gender, n (%)
Male 83 (75) 78 (66) 86 (77) 88 (77) 94 (81) 429 (75)
Female 27 (25) 40 (34) 25 (23) 26 (23) 22 (19) 140 (25)
Ethnicity, n (%)
Caucasian 42 (38) 57 (38) 42 (38) 50 (44) 43 (37) 234 (41)
Black 54 (49) 47 (40) 58 (52) 51 (45) 54 (47) 264 (46)
Asian 1 (<1) 1(<1) 1 (<1) 2(2) 2(2) 7 (1)
Hispanic 9 (8) 10 (8) 7 (6) 11 (10) 12 (10) 49 9)
American Indian/Alaskan Native 1 (<) 1 (<) 2(2) 0 2(2) 6 (1)
Other 3(3) 2(2) 1 (<1) 0 303 9(2)
Baseline PANSS score, mean (SD) 91.1 (11.1) 93.5 (11.6) 92.9 (12.2) 92.1 (12.3) 90.9 (11.6) 92.1 (11.8)

BX Bifeprunox, PBO placebo, RISP risperidone, SD standard deviation, PANSS Positive and Negative Syndrome Scale
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Table 4 Summary of primary and secondary efficacy measures (LOCF)

Parameter BX BX BX RISP
5 mg 10 mg 20 mg PBO 6 mg
n=110 n=118 n=111 n=114 n=116

PANSS total score

Baseline 91.1 93.5 92.9 92.1 90.9

Mean change at week 6 (SD) -9.7 (17.5) —5.0 (18.3) —-11.3 (17.0) =53 (16.3) —15.7 (14.9)

95% Confidence interval -12.8, 6.4 =79, -1.8 —-14.4, -8.0 —8.6, 2.3 -18.8, —12.7

P value vs placebo” 0.128 1.000 0.031° - <0.0001

Effect size -0.231 0.067 —-0.339 — —0.628
PANSS positive subscale

Baseline 24.5 24.6 24.9 24.4 24.0

Mean change at week 6 (SD) -3.2(5.2) —1.4 (6.1) -3.5(5.1) -2.0 (5.2) —5.3 (4.8)

95% Confidence interval —-4.2,-2.2 -2.3,-04 —4.5,-2.5 -3.0, 1.0 —6.3, 4.4

P value vs placebo 0.111 0.339 0.037 - <0.0001

Effect size —0.184 0.188 —0.258 - —0.606
PANSS negative subscale

Baseline 22.4 23.5 22.6 23.1 22.9

Mean change at week 6 (SD) -2.2 (4.9) -1.7 (4.7) -2.6 (5.3) -1.3 (4.6) -3.6 (4.6)

95% Confidence interval -3.0, -1.2 -2.5,-0.8 -3.6, —1.8 -2.1,-0.4 —4.4, -2

P value vs placebo 0.118 0.686 0.026 - <0.0001

Effect size -0.189 —0.081 -0.292 — —0.480
PANSS general psychopathology subscale

Baseline 44.1 45.5 45.4 44.7 44.0

Mean change at week 6 (SD) -4.4(9.4) -2.0 (9.2) —5.1 (8.8) —2.0 (8.6) —6.8 (7.8)

95% Confidence interval -6.0, 2.8 -3.4,-02 -6.6, —3.3 -3.8, —0.6 —8.5,-5.4

P value vs placebo 0.058 0.758 0.016 - <0.0001
BPRS total

Baseline 533 54.8 55.1 54.2 52.9

Mean change at week 6 (SD) —6.2 (10.5) -3.4 (11.5) 7.6 (10.1) -3.8 (10.3) -9.2 (8.9)

95% Confidence interval —8.3, 44 -5.2,-14 -9.3,-54 -5.8, 2.0 -11.3,-7.6

P value vs placebo 0.081 0.666 0.012 - 0.0001
BPRS psychosis cluster

Baseline 18.0 18.4 18.4 18.4 18.0

Mean change at week 6 (SD) -2.5(3.8) -1.2 (4.6) -2.7.(3.9) -1.6 (4.1) —4.1 (3.5)

95% Confidence interval -3.3,-1.7 -1.9,-04 -3.5,-1.9 -2.3,-0.8 —4.8,-34

P value vs placebo 0.097 0.419 0.044 - <0.0001
CGI—S

Baseline 4.57 4.64 4.68 4.54 4.60

Mean change at weck 6 (SD) -0.58 (1.1) -0.18 (1.0) —0.52 (1.0) -0.25 (0.9) -0.76 (0.9)

95% Confidence interval -0.8, -0.4 -0.3,0 -0.7, 0.3 -0.5, —0.1 -0.9, 0.6

P value vs placebo 0.013 0.351 0.122 - <0.0001

Effect size —0.321 0.091 —0.273 - —0.527
CGI—I

Actual value at week 6 (SD) 3.33 (1.37) 3.90 (1.39) 3.42 (1.30) 3.61 (1.41) 3.02 (1.21)

95% Confidence Interval 3.1, 3.6 3.7, 4.1 3.2,3.7 34,39 28,33

P value vs placebo 0.110 0.109 0.235 - 0.0006

Effect size —-0.167 0.277 -0.117 - —0.435

Scores shown are baseline and mean change from baseline by visit, using LOCF for the ITT population. P values that favor placebo are adjusted
to 1.000. All means and mean changes shown are actual means. P values for the comparison of risperidone versus placebo are derived from an
ANCOVA analysis separate from that used to determine P values for the comparison between placebo and bifeprunox; the analysis of risperidone
versus placebo was based on an ANCOVA model that included all treatment groups, but only tested risperidone versus placebo. Furthermore,
adjusted means were used in the statistical analysis of risperidone versus placebo. Effect sizes for the primary efficacy endpoint (total PANSS) and
key secondary efficacy endpoints (PANSS positive and negative scores; CGl—S and CGI—I) were each computed as the difference between
treatment group and placebo group in mean change from baseline, divided by the common SD. For CGI—I, analyses were based on mean values
at last assessment rather than on mean change from baseline.

LOCF Last observation carried forward, BX bifeprunox, PBO placebo, RISP risperidone, PANSS Positive and Negative Syndrome Scale, SD
standard deviation, BPRS Brief Psychiatric Rating Scale, CGI clinical global impression, /77 intent-to-treat

#For the primary efficacy variable (PANSS total score), the multiple comparisons of each of the three bifeprunox dose levels versus placebo was
performed by using the step-down Dunnett’s procedure at a family-wise error <0.0499.

® Statistically significant after adjusting for multiple comparisons using the Step-down Dunnett’s procedure at a family-wise error rate <0.0499
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Week

124 AN

0. _
-14 s
-16 4
-18 4

Mean change from baseline in PANSS total scores

—a— Bifeprunox 5 mg
--#-- Bifeprunox 20 mg - - Placebo
- ©o- Risperidone 6 mg

-20 4

Fig. 1 Mean change in baseline Positive and Negative Syndrome
Scale (PANSS) total scores over time, last observation carried forward
analyses. Patients were treated with bifeprunox 5 (n=110), 10 (n=
118), or 20 mg (n=111), placebo (n=114), or risperidone 6 mg (n=
116) and followed for 6 weeks. P values shown represent mean
change in an active treatment group that statistically significantly
differed from mean change in placebo group at the same time point. P

arm showed a statistically significant mean change in PANSS
total score from baseline to last assessment compared with
placebo (P<0.0001)", further confirming the responsiveness
of the patient population. Effect sizes for the primary efficacy
endpoint (and key secondary endpoints) based on LOCF are
also shown in Table 4.

Analysis of the OC data showed greater reduction in
PANSS total scores for all treatment groups compared with
placebo at week 6; however, these reductions in the
bifeprunox groups did not statistically significantly differ
from placebo. In this regard, it is important to note that the
OC data represents a smaller sample than the LOCF data,
and therefore, analyses based on OC have less statistical
power (mean change in PANSS score+SD for bifeprunox:
5 mg, —18.9+15.6; 10 mg, —18.2+15.6; 20 mg, —18.9+
15.9; placebo, —11.1£13.8; and risperidone, —20.0+14.3).

Secondary efficacy measures

Treatment with bifeprunox 20 mg produced statistically
significant changes at last assessment versus placebo in the
PANSS-positive (P=0.037), PANSS-negative (P=0.026),
and general psychopathology subscales (P=0.016), the
PANSS-derived BPRS (P=0.012), and the BPRS psychosis

! Post hoc analyses between risperidone and placebo were based on an
ANCOVA model separate from that for bifeprunox versus placebo:
these analyses were based on a model that included all treatment
groups, but only tested risperidone versus placebo.

—4- Bifeprunox 10 mg

values for the comparison of risperidone versus placebo are derived
from an ANCOVA analysis separate from that used to determine P
values for the comparison between placebo and bifeprunox; the
analysis of risperidone versus placebo was based on an ANCOVA
model that included all treatment groups, but only tested risperidone
versus placebo. *P<0.05, **P<(.01, ***P<(0.0001 compared to
placebo

cluster scores (P=0.044) (Table 4). In addition, statistically
significant reductions from baseline were observed with
bifeprunox 20 mg compared with placebo in the PANSS
negative subscale score at week 3 (mean change+=SD=-2.7+
4.4; P=0.013), PANSS general psychopathology score at
week 2 (—4.4+7.5; P=0.029) and week 3 (—5.2+7.9; P=
0.032), and PANSS-derived BPRS total score at week 2
(—6.1£8.8; P=0.042), week 3 (—7.5+9.1; P=0.020), and
week 4 (=7.7£9.7; P=0.024).

Treatment with bifeprunox 20 mg produced improve-
ments in CGI—S scores during the study, although no
statistically significant changes from baseline versus place-
bo were observed at last assessment (Table 4). Statistically
significant changes in CGI—S scores were observed,
however, with the 20 mg dose at week 2 (mean change+
SD=-0.50+0.85; P=0.008), week 3 (-0.57+0.90; P=
0.020), and week 4 (—0.57£0.89; P=0.032). A statistically
significant difference in CGI—S was noted with bifeprunox
5 mg at week 3 (—0.47+0.90; P=0.049), week 4 (—0.52+
0.033; P=0.033), and last assessment (—0.58+1.10; P=
0.013). No statistically significant differences between
bifeprunox 10 mg and placebo were observed at any time
point.

Treatment with bifeprunox 20 mg was associated with
statistically significant better CGI—I scores at week 1
(mean score+SD=3.54+0.99; P=0.040) and week 2 (3.30+
1.14; P=0.016) versus placebo (mean scorexSD=3.77+
0.93 and 3.65+1.18, weeks1 and 2, respectively); CGI—I
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Table 5 PANSS responder rates at endpoint

Parameter BX 5 mg BX 10 mg BX 20 mg PBO RISP 6 mg
Number of subjects, ITT population 110 118 111 114 116
20% Responder
Number (%) 31 (28) 28 (24) 38 (34) 25 (22) 46 (40)
P value® 0.314 0.807 0.052 - -
25% Responder
Number (%) 25 (23) 22 (19) 27 (24) 12 (11) 34 (29)
P value® 0.021 0.094 0.008 - -
30% Responder
Number (%) 16 (15) 12 (10) 18 (16) 8(7) 26 (22)
P value® 0.093 0.400 0.042 - -
35% Responder
Number (%) 11 (10) 7 (6) 14 (13) 4 (4) 15 (13)
P value® 0.051 0.357 0.013 - -

A PANSS responder is a patient whose total PANSS score decreased from baseline by at least the specific percentage indicated.
PANSS Positive and Negative Syndrome Scale, BX bifeprunox, /77 intent-to-treat, PBO placebo, RISP risperidone

# P values for responder rates are versus placebo.

scores did not statistically significantly differ between
bifeprunox 20 mg and placebo at last assessment (Table 4).
No other bifeprunox treatment group showed statistically
significant differences from placebo at any point on this
measure.

Treatment with risperidone 6 mg resulted in statistically
significant improvements at last assessment versus placebo
in PANSS positive (P<0.0001)>, PANSS negative (P<
0.0001)*, and PANSS general psychopathology scores (P<
0.0001)*; BPRS total (P=0.0001)° and BPRS psychosis
cluster scores (P<0.0001)%; and CGI—S (P<0.0001)’
scores (Table 4). CGI—I scores at last assessment were
also statistically significantly better in the risperidone group
than in the placebo group (P=0.0023)%.

PANSS responder rates

PANSS responder rates were higher in each of the bifeprunox
treatment groups than in the placebo group (5 mg: 28%; 10
mg: 24%; 20 mg: 34%; and placebo: 22%) using the response
criterion of 20% (i.e., reduction from baseline in total PANSS
score of 20%); however, the differences were not statistically
significant (Table 5). Statistically significant differences were
observed between bifeprunox 20 mg and placebo when the
data were analyzed using the 25% PANSS responder rate
(P=0.008), the 30% rate (P=0.042), and the 35% rate (P=
0.013). The 5 mg group showed a statistically significant
difference versus placebo when the 25% responder criterion

2 See Footnote 1.
3 See Footnote 1.
4 See Footnote 1.
5 See Footnote 1.
¢ See Footnote 1.
7 See Footnote 1.
8 See Footnote 1.
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was used (Table 5). Responder rates in the risperidone group
ranged from 40% at the 20%-reduction criterion to 13% at
the 35%-reduction criterion (Table 5).

Safety
Adverse events

A total of 588 patients were included in the safety analysis
(bifeprunox 5 mg: n=115; 10 mg: n=120; 20 mg: n=114;
placebo: n=119; risperidone: n=120). The majority of
treatment-emergent adverse events (TEAEs) were transient
and considered to be mild to moderate in severity. The
percentage of patients with at least one TEAE was similar
across treatment groups (Table 6). The most common
TEAEs (reported in >5% of any treatment group and with
an incidence at least twice that of placebo) noted with
bifeprunox were gastrointestinal (Table 6). Concomitant
prochlorperazine was used sparingly to treat nausea and
vomiting (used by 3%, 3%, 4%, <1%, and <1% of the
bifeprunox 5, 10, and 20 mg, placebo, and risperidone
groups, respectively). No dose-related trend for an increase
in the incidence of any TEAE was observed in the
bifeprunox groups. The incidence of adverse events leading
to discontinuation of study medication was similar among
the different treatment groups (Table 2). The reported
incidence of adverse events involving the reproductive
system were low (e.g., erectile dysfunction was reported as
an adverse event in one patient (1%) treated with
risperidone and no other patient; galactorrhea was reported
in one patient (<1%) treated with bifeprunox 10 mg and no
other patient), although sexual functioning and the rela-
tionship between sexual functioning and prolactin levels
(see Serum Prolactin Levels below) were not specifically
addressed during the study.
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Table 6 Overall incidence of treatment-emergent adverse events
Parameter BX 5 mg BX 10 mg BX 20 mg PBO RISP 6 mg
Safety population, n 115 120 114 119 120
Male, n (%) 87 (76) 78 (65) 89 (78) 92 (77) 97 (81)
Female, n (%) 28 (24) 42 (35) 25 (22) 27 (23) 23 (19)
Patients with >1 TEAE, n (%) 102 (89) 104 (87) 95 (83) 101 (85) 107 (89)
Gastrointestinal disorders, n (%)
Constipation 16 (14) 8(7) 21 (18) 11 (9) 13 (11)
Dyspepsia 24 (21) 23 (19) 18 (16) 10 (8) 17 (14)
GI upset 10 (9) 13 (11) 44 1 (<1) 11 (9)
Nausea 21 (18) 20 (17) 15 (13) 11 (9) 18 (15)
Vomiting 16 (14) 19 (16) 14 (12) 8 (7) 11 (9)
Psychiatric disorders, n (%)
Anxiety 6(5) 12 (10) 7 (6) 6(5) 7 (6)
Psychosis aggravated 4 (3) 12 (10) 54) 6 (5) 54)
Schizophrenia aggravated 7 (6) 54) 8(7) 6 (5) 6 (5)
Other, n (%)
Akathisia 1 (<1) 2(2) 303) 0 6(5)
Appetite decreased 7 (6) 1(<1) 6 (5) 2(2) 2(2)
Pain 98 54 4 4) 3(3) 1 (<)
Dysmenorrhea 14 2(5) 14 0 209

Includes events occurring in >5% of any treatment arm and at an incidence at least twice that of placebo. Percentages for gender-specific adverse

events are based on the number of patients of the appropriate gender.

BX Bifeprunox, PBO placebo, RISP risperidone, TEAE treatment-emergent adverse event

The incidence of serious adverse events (SAEs) was also
similar across all treatment groups and higher than that
observed with placebo (bifeprunox arms: 12—15%; risper-
idone: 16%; and placebo: 9%). Most SAEs were not
considered to be treatment related and resolved without
discontinuation. The most frequent SAEs (reported in >5%
of subjects in any treatment group) were aggravated
psychosis (occurring in 3%, 8%, 4%, 3%, and 4% of the
bifeprunox 5, 10, and 20 mg groups, the placebo group, and
the risperidone group, respectively) and aggravated schizo-
phrenia (occurring in 5%, 2%, 7%, 4%, and 4% of the
bifeprunox 5, 10, and 20 mg groups, the placebo group, and
the risperidone group, respectively). There was no clear
indication of a dose-related increase in the incidence of any
SAE in the bifeprunox groups.

Of the three deaths that occurred during this study, none
was considered by the study investigators to be related to
study compounds. One patient, a screening failure because
of uncontrolled hypertension, died of cardiovascular disease
before receiving any study compound. One patient in the
placebo group experienced cardiorespiratory arrest after
allegedly using crack cocaine, while one patient in the
bifeprunox 5 mg group died from a cocaine overdose.

Extrapyramidal symptoms

Overall, rates of EPS were comparable among the bifepru-
nox and placebo arms. Minimal changes were observed for
the bifeprunox and placebo groups with respect to
movement disorder measures, including SAS total scores,

BAS score, and AIMS score (Fig. 2). Akathisia occurred in
one to three patients (<1% to 3%) across bifeprunox
treatment groups, six patients (5%) in the risperidone
group, and no patients in the placebo group. Use of
anticholinergic medication in patients treated with bifepru-
nox occurred less frequently than in patients on risperidone
and was similar in frequency to that in patients on placebo.
For example, the incidence of benztropine use, the most
commonly prescribed anticholinergic, was lower in the
bifeprunox groups [bifeprunox 5 mg, five patients (5%); 10
mg, three patients (3%); 20 mg, eight patients (7%)], and
placebo (six patients (5%)] than it was in the risperidone
group [22 patients (19%)].

Body weight

Small but statistically significant decreases in mean weight
were observed at last assessment for all three bifeprunox
treatment arms compared with placebo (bifeprunox 5 mg,
—0.45 kg, P=0.025; 10 mg, —0.59 kg, P=0.009; and 20 mg,
—0.27 kg, P=0.031; placebo, +0.86 kg; Fig. 3). Patients in
the risperidone-treated group had a statistically significant
mean weight increase of +2.2 kg (P=0.0057") versus
placebo. Clinically relevant weight increase, defined as an
increase of >7% in body weight, was experienced by 2% to
4% of bifeprunox patients, 5% of placebo patients, and
13% of risperidone patients. Weight decreases of >7% were

% Confidence intervals and pairwise comparisons were based on a
model including all treatment groups.
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Fig. 2 Mean change in movement disorder scores from baseline to
last assessment (week 6, last observation carried forward) by treatment
group. Patients were treated with bifeprunox 5 (n=110), 10 (n=118),
or 20 mg (n=111), placebo (n=114), or risperidone 6 mg (n=116) and

followed for 6 weeks. Minimal change in scores on movement
disorder scales designed to assess extrapyramidal symptoms were
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Fig. 3 Mean weight change in kilograms from baseline to last
assessment (week 6, last observation carried forward). Patients were
treated with bifeprunox 5 (»=110), 10 (n=118), or 20 mg (n=111),
placebo (n=114), or risperidone 6 mg (n=116) and followed for 6
weeks. P values shown are against placebo. Small but statistically
significant decreases in mean weight were observed for all three
bifeprunox treatment arms compared with placebo; patients in the
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risperidone-treated group had a statistically significant mean weight
increase versus placebo. Pairwise comparisons were based on a model
including all treatment groups. Using observed case data instead of
LOCF at week 6, weight change in each group was —2.0 kg,
bifeprunox 5 mg (n=74); —2.2 kg, bifeprunox 10 mg (n=70); —0.18
kg, bifeprunox 20 mg (n=95); +0.59 kg, placebo (n=81); +2.27 kg,
risperidone 6 mg (n=96)
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observed in 6% to 8% of patients in the bifeprunox groups
and 3% in the placebo group. No patient treated with
risperidone had a weight decrease of >7%.

Lipids

Decreases from baseline in non-fasting total cholesterol
levels were observed for all bifeprunox treatment groups
at last assessment (mean change ranging from —11.8 to
—14.1 mg/dL; Fig. 4a); a smaller decrease from baseline to
last assessment in non-fasting total cholesterol levels
occurred with placebo (—10.5 mg/dL) and risperidone
(—4.80 mg/dL). For the majority of patients, total choles-
terol levels fell within the same category (low, normal, or
high) at baseline and at last assessment (79%, 67%, 76%,

)

Bifeprunox 5 mg Bifeprunox 10 mg Bifeprunox 20 mg

73%, and 81% of patients in the bifeprunox 5, 10, and 20
mg, placebo, and risperidone groups, respectively); the
most common individual shift in each treatment group was
from high cholesterol at baseline to normal cholesterol at
last assessment (14%, 27%, 17%, 16%, and 11% of patients
in the bifeprunox 5, 10, and 20 mg, placebo, and risper-
idone arms, respectively).

Mean decreases in non-fasting triglycerides from base-
line to last assessment ranged from —37.80 to —61.48 mg/dL
in the bifeprunox groups. The decrease was —34.47 mg/dL in
the placebo group and —10.8 in the risperidone group
(Fig. 4b). Triglyceride levels were in the same category
(low, normal, or high) at baseline and again at last
assessment for the majority of patients (77%, 76%, 79%,
83%, and 75% of patients in the bifeprunox 5, 10, and 20

Placebo Risperidone 6 mg

from baseline to last assessment
oo

Mean change in total cholesterol (in mg/dL)

o

Mean baseline
total cholesterol
levels (mg/dL)

Bifeprunox 5 mg 199.1
Bifeprunox 10 mg 197.8
Bifeprunox 20 mg 202.9

Placebo 195.8
Risperidone 6 mg 200.6

Placebo

-101

-201

-30

-40+

-504

-604

Mean change in trigylcerides (in mg/dL)
from baseline to last assessment

-70-
Fig. 4 Mean change in total cholesterol from baseline to last
assessment (week 6, last observation carried forward; a) and mean
change in triglycerides from baseline to last assessment (week 6, last
observation carried forward; b), both assessed under non-fasting

Bifeprunox 5 mg Bifeprunox 10 mg Bifeprunox 20 mg

Risperidone 6 mg

Mean baseline
trigylceride levels

levels (mg/dL)
Bifeprunox 5 mg 205.6
Bifeprunox 10 mg 198.6
Bifeprunox 20 mg 214.7
Placebo 227.6
Risperidone 6 mg 202.2

conditions. Patients were treated with bifeprunox 5 (n=110), 10 (n=
118), or 20 mg (n=111), placebo (n=114), or risperidone 6 mg (n=
116) and followed for 6 weeks
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Fig. 5 Mean change in prolactin levels over time, last observation
carried forward analyses. Patients were treated with bifeprunox 5 (n=
110), 10 (n=118), or 20 mg (n=111), placebo (n=114), or risperidone
6 mg (n=116) and followed for 6 weeks. P values shown represent
mean change in an active treatment group that statistically signifi-
cantly differed from mean change in placebo group at last assessment

mg, placebo, and risperidone groups, respectively). The
most common shift in each treatment group was from high
triglycerides at baseline to normal triglycerides at last
assessment (15%, 17%, 20%, 14%, and 16% of patients in
the bifeprunox 5, 10, and 20 mg, placebo, and risperidone
groups, respectively).

Serum prolactin levels

Mean prolactin levels decreased in the bifeprunox treatment
groups from baseline to last assessment, were essentially
unchanged in the placebo group, and increased in the
risperidone group. The decreases in prolactin levels were
observed in all bifeprunox treatment arms as early as
week 1 (Fig. 5). At last assessment, mean prolactin values
had statistically significantly decreased in the bifeprunox
5 mg (mean decrease=—6.70 ng/mL, P=0.030)'°), 10 mg
(—9.77 ng/mL, P=0.006)"", and 20 mg (-8.37 ng/mL, P=
0.012)'? groups compared with placebo (—0.96 ng/mL)">.
The risperidone arm had a statistically significant increase
in serum prolactin (mean increase= +27.81 ng/mL, P<

19'See Footnote 9.
' See Footnote 9.
12 See Footnote 9.

13 See Footnote 9.
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(ng/mL)
Bifeprunox 5 mg 9.82
Bifeprunox 10 mg 11.84
Bifeprunox 20 mg 10.59
Placebo 11.86
Risperidone 6 mg 13.05

(week 6, LOCF). At last assessment, mean prolactin values had
statistically significantly decreased versus placebo in the bifeprunox
treatment groups and statistically significantly increased versus
placebo in the risperidone treatment group. Pairwise comparisons
were based on a model including all treatment groups

0.0001)'* versus placebo. A majority of patients in each of
the bifeprunox treatment groups shifted from normal
prolactin levels at baseline to low prolactin levels at last
assessment (56%, 73%, and 67% of patients in the 5, 10,
and 20 mg bifeprunox groups, respectively); in the
risperidone treatment arm, a majority of patients (61%)
shifted from normal prolactin levels at baseline to high
prolactin levels at last assessment. In the placebo group,
87% of patients presented with normal prolactin levels at
both baseline and last assessment.

Electrocardiography

There were minimal changes in mean values for pulse rate
or for QTc and QRS intervals between baseline and last
assessment in any treatment arm. Mean changes for QTc
and QRS intervals ranged from approximately —2 to 4 ms.
There were no trends in mean changes by treatment group.
Of the patients with normal ECGs at baseline, only one
patient (<1%) in the bifeprunox 5 mg group had a shift to
an abnormal, clinically significant result at last assessment.
The percentage of patients who categorically shifted from
normal to abnormal (not clinically significant) ECGs in the
bifeprunox treatment arms (5 mg, 16%; 10 mg, 15%; 20 mg,

14 See Footnote 9.
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13%) was similar to that observed in the placebo (17%) and
risperidone (14%) treatment groups.

Discussion

There is a compelling need for more well-tolerated and
efficacious treatments for schizophrenia (Lieberman et al.
2005). The results of this study suggest that bifeprunox 20
mg may be more efficacious in treating symptoms of
schizophrenia than placebo, as shown by statistically
significant improvements in PANSS total scores (the
primary efficacy measure) at last assessment and statisti-
cally significant improvement in many secondary efficacy
measures (i.e., the PANSS positive, negative, and general
psychopathology subscale scores as well as the BPRS total
and BPRS psychosis cluster scores). Doses lower than
bifeprunox 20 mg were not effective in this study: there
were no statistically significant differences from placebo on
the primary efficacy endpoint at last assessment for lower
doses. However, the 5 mg dose of bifeprunox did
demonstrate an advantage compared with placebo on some
secondary measures. It is noteworthy, although perhaps a
chance finding, that the 5 mg dose of bifeprunox appeared
to lead to greater improvement in clinical rating scale scores
than did the 10 mg dose of bifeprunox.

Assay sensitivity was confirmed with risperidone 6 mg,
which showed statistically significant differences from
placebo for all efficacy parameters. The magnitude of the
improvements seen in the 20 mg bifeprunox group was
smaller than that seen in the risperidone group for most
efficacy endpoints based on LOCF analyses; for example,
the effect sizes for change in PANSS total score (the
primary efficacy endpoint) were —0.339 and —0.628 for
bifeprunox 20 mg and risperidone, respectively. As this trial
was not designed as a direct comparison of risperidone and
bifeprunox, any comparison of efficacy between the two
compounds is post hoc and limited by the constraints of
such analyses. In addition, the improvements seen with
bifeprunox 20 mg are considered to be clinically relevant.
Still, the appropriate use of bifeprunox in the acute
treatment of schizophrenia with the doses tested in this
trial requires further study.

In this study, bifeprunox appeared to be safe and well
tolerated at all doses administered to subjects, with the
majority of reported TEAEs being transient and mild to
moderate in severity. The incidence of SAEs in the
bifeprunox treatment groups was similar to that in the
placebo and risperidone groups. Bifeprunox was titrated
over a 7- to 8-day period because clinical data suggest a
shorter titration period is associated with more intolerable
effects such as orthostatic hypotension or dizziness (data on
file, Solvay Pharmaceuticals). Risperidone was titrated as

rapidly as its product label permits; a shorter or longer
titration schedule may result in a different side effect profile
for this agent.

Extrapyramidal symptoms, a common correlate of
treatment with antipsychotics, are associated with a sub-
stantial reduction in a patient’s quality of life and with poor
therapeutic compliance (Pierre 2005). In this study, the
occurrence of EPS with bifeprunox was comparable to that
with placebo. In addition, the incidence of anticholinergic
use in patients treated with bifeprunox was similar to that
used with placebo and less than that used with risperidone.

Patients with schizophrenia are at increased risk for
metabolic disturbances such as dyslipidemia, partly because
of poor diet and lifestyle issues (Hennekens et al. 2005).
This baseline condition can be exacerbated by the use of
certain antipsychotic compounds (ADA et al. 2004;
Newcomer 2005). In this study, patients treated with
bifeprunox experienced decreases in non-fasting total
cholesterol and triglyceride levels that were similar to those
seen with placebo and numerically greater than those seen
with risperidone.

Obesity, an independent risk factor for cardiovascular
disease (Poirier and Eckel 2002; Ogden et al. 2006), has
been documented in as many as 75% of patients with
schizophrenia, compared with 36% to 38% of the general
population (Allison and Casey 2001; Dickerson et al. 2002;
McCreadie and Scottish Schizophrenia Lifestyle Group
2003). Especially when manifested as intra-abdominal
weight gain, obesity compromises long-term health because
of its association with insulin resistance (Banerji et al.
1997). Insulin resistance is not only linked to type 2
diabetes, it is also associated with physiologic changes that
include atherogenic dyslipidemia (comprising increases in
plasma triglycerides and more-oxidized low-density lipo-
protein particles), increased blood pressure, an increased
risk of blood clotting, and increases in markers of
inflammation, all of which are associated with an increased
risk for cardiovascular disease (Avogaro 2006). In this
study, patients treated with bifeprunox showed small but
statistically significant reduction in weight compared with
patients treated with placebo. Switching from an antipsy-
chotic that causes or exacerbates weight gain or dyslipide-
mia to a more metabolically neutral antipsychotic may lead
to weight loss and an improved lipid profile (Weiden 2007).
Whether the metabolic improvements associated with
bifeprunox treatment in this study more accurately reflect
a switch away from less metabolically neutral compounds
or the intrinsic metabolic activity of bifeprunox deserves
further exploration.

Hyperprolactinemia, a condition that has been associated
with sexual dysfunction, amenorrhea and infertility, galac-
torrhea, decreased bone mineral density, osteoporosis,
breast cancer, and cardiovascular disorders may be a
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concern in the treatment of patients with schizophrenia
(Haddad and Wieck 2004; O’Keane and Meaney 2005).
Treatment with risperidone in this study was associated
with statistically significantly increased mean prolactin
levels versus placebo, consistent with previous studies
(Halbreich and Kahn 2003; Lieberman et al. 2005;
Melkersson 2005). There is no established literature on
the clinical implications of low prolactin levels in the
schizophrenic population. In this study, patients treated with
bifeprunox exhibited a decrease in prolactin levels com-
pared with the placebo group.

Conclusions

This study suggests that bifeprunox administered once daily
for 6 weeks may have efficacy in controlling symptoms in
patients with an acute exacerbation of schizophrenia. A
dose of 20 mg may be the minimally effective dose, as
defined by statistically significant improvements in total
PANSS scores compared with placebo at study end. Neither
5 nor 10 mg of bifeprunox showed statistical separation
from placebo for the primary efficacy variable. Overall,
doses of bifeprunox appeared to be safe and well tolerated
by the patients with schizophrenia in this study.
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