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Randomized, double-blind, placebo-controlled study
of F17464, a preferential D3 antagonist, in the treatment
of acute exacerbation of schizophrenia
Istvan Bitter1, Jeffrey A. Lieberman2, Florence Gaudoux3, Pierre Sokoloff4, Mélanie Groc3, Rajeev Chavda5, Cécile Delsol3,
Laurence Barthe3, Valérie Brunner6, Carine Fabre3, Marine Fagard3, Agnès Montagne3 and Françoise Tonner 3

F17464, a highly potent preferential D3 antagonist, is a novel compound in development for schizophrenia treatment. This phase II,
double-blind, randomized, placebo-controlled, parallel-group study in five European countries evaluated the efficacy and safety of
F17464, 20 mg twice daily, versus placebo over 6 weeks in patients with acute exacerbation of schizophrenia. Change from baseline
to Day 43 of the Positive and Negative Syndrome Scale (PANSS) total score was the primary outcome. The data from 134
randomized patients (67 per group) were analyzed (efficacy/safety). Using analysis of covariance (ANCOVA) after last observation
carried forward (LOCF) imputation (primary analysis), the PANSS total score reduction was statistically significantly greater for
F17464 than placebo treated subjects at endpoint (p= 0.014); using ANCOVA with Multiple Imputation (MI) method, the between-
group difference was in favor of F17464 but did not reach statistical significance. Differences in PANSS positive and general
psychopathology subscale score, Marder positive factor score, PANSS response, and PANSS resolution criteria were also statistically
significant in favor of F17464 (p values < 0.05) using the LOCF method, with similar results as for the primary analysis using the MI
method. Treatment-related adverse events (AEs) were reported in 49.3% and 46.3% of patients on F17464 and placebo,
respectively. The most common AEs in F17464 group: insomnia, agitation, and increased triglycerides; worsening of schizophrenia/
drug ineffective was less frequent in F17464. Interestingly, no weight gain, no extrapyramidal disorder except rare akathisia were
observed under F17464. This 6-week trial demonstrated therapeutic efficacy of 40 mg/day F17464 in improving symptoms of acute
exacerbation of schizophrenia with a favorable safety profile.
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INTRODUCTION
Schizophrenia affects 0.5–1.1% of adults worldwide and is usually
diagnosed in early adulthood. It is a chronic, debilitating
psychiatric disorder, characterized by positive and negative
symptoms as well as cognitive disturbances, which often persists
despite treatment [1–3].
Although the etiology of schizophrenia is unknown, extensive

evidence indicates that the psychotic symptoms are owing to
excessive subcortical dopaminergic activity, whereas reduced
dopaminergic tone in prefrontal cortex may account for the
cognitive impairment and negative symptoms [4, 5]. The typical
first-generation antipsychotics, mainly high affinity D2 receptor
antagonists [6] improve positive symptoms, but often cause
debilitating adverse effects, including extrapyramidal (EP) symp-
toms. Second-generation (atypical) antipsychotics have compar-
able antipsychotic efficacy but much fewer neurologic symptoms
[7–9], though they cause, to varying degrees, metabolic effects
(weight gain, hyperglycemia, hyperlipidemia), increasing cardio-
vascular risk [10–12], and can thus negatively affect treatment
adherence [13]. In addition, available antipsychotics do not have
satisfactory efficacy for negative and cognitive symptoms [8, 14].

F17464 is a new compound, with a unique pharmacological
profile, preferentially binding to D3 receptors (antagonist,
inhibitory constant [Ki]= 0.17 nM) versus D2 receptors (weak
partial agonist, Ki= 6.5–12.1 nM) and with a comparatively high
affinity for 5-HT1A receptors (partial agonist; Ki= 0.16 nM) [15]. The
homology of D2 and D3 receptors suggests that D3 selective
antagonists may be effective antipsychotics for the treatment of
schizophrenia, but by virtue of their anatomic distribution within
limbic structures of the ventral striatum (as opposed to the dorsal
striatum) [16, 17], they could be expected to cause less motor
effects than D2 antagonists. Moreover, preclinical studies suggest
that D3 antagonists could correct dopamine tone deficiency in the
prefrontal cortex [18] and hereby have the potential to improve
cognition [19–21].
The affinity of F17464 for 5-HT1A receptors may also support its

potential for pro-cognitive effects [22, 23].
Thus, a preferential D3 antagonist has the potential to

selectively reduce dopaminergic hyperactivity in subcortical areas
and indirectly improve the dopaminergic hypoactivity in cortical
areas, whereas stimulating cortical 5-HT1A receptors may improve
cognition.
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To evaluate its efficacy and safety and potentially favorable
clinical profile, we conducted a Proof-of-Concept study to evaluate
40mg/day of oral F17464 in comparison to placebo over 6 weeks
in patients with acute exacerbation of schizophrenia.

METHODS
Participants
Eligible patients were 18–64 years old with a diagnosis of
schizophrenia undergoing an acute exacerbation with prominent
“active phase” symptoms. The diagnosis was confirmed by the
Diagnostic and Statistical Manual of Mental Disorders 4th edition
(DSM-IV) [24] criteria using the related Mini-International Neurop-
sychiatric Interview (MINI 6.0) [25]. Maximum two antipsychotics
were prescribed for the current acute episode for < 2 weeks.
Participants had been diagnosed with schizophrenia for ≥ 1 year
and ≤ 5 years; the upper limit was removed in a protocol
amendment after recruitment of 71 patients to enable inclusion of
a broader population. A Clinical Global Impression Severity (CGI-S)
[26, 27] score ≥ 4, a Positive and Negative Syndrome Scale [28]
(PANSS) score ≥ 70 and < 120 and a rating of at least 4 (moderate)
on ≥ 2 of the following PANSS positive symptoms: delusions,
hallucinatory behavior, conceptual disorganization, suspicious-
ness, persecution were required. Additional inclusion criterion was
no significant improvement (< 20% reduction) in PANSS positive
score between enrollment and inclusion.
Patients were excluded if they were in their first acute episode

of psychosis, currently had predominant negative symptoms or
were “refractory”, defined as a lack of significant improvement
despite treatment with ≥ 3 different antipsychotics for an
adequate duration (≥ 4 weeks) and at adequate dosage during
the previous 5 years.

Study design
This international, multicenter, double-blind, randomized, pla-
cebo-controlled, parallel-group, fixed-dose design, proof-of-
concept Phase II study was conducted in 30 hospitals/clinics in
five countries (France (2 centers), Hungary (3), Latvia (4), Romania
(12) and Russia (9)). Patients were enrolled in two phases: the first
71 patients completing the study were included in an interim
analysis for futility, performed by an Independent Data Monitor-
ing Committee to decide whether to continue the study or to
stop it.
The study (NCT02151656) was approved by the appropriate

independent Ethics Committees and was conducted in accor-
dance with principles of Good Clinical Practice (ICH-E6) [29] and
the Declaration of Helsinki, and applicable national regulations in
biomedical research. Participants provided written informed
consent prior to participation.
Eligible participants were randomized (1:1) to F17464 or

placebo. The computer-generated, internally validated randomiza-
tion list was established by the Sponsor. At inclusion visit (Day 1)
the Investigator allocated a treatment number to each patient
(based on his/her chronological order of arrival at this visit). Study
blinding was ensured by identical external aspect of the F17464
and placebo capsules and by their identical presentation and
administration regimen.
Study treatment was administered orally, twice daily with meals

(morning and evening): two 10mg-capsules (20 mg) were taken
per administration, for a total daily dose of 40 mg, and a total
duration of 6 weeks. During the study patients had to abstain from
alcohol and cannabinoids. As recommended by the European
Medicine Agency [30], lorazepam and oxazepam were authorized
benzodiazepines (BZDs) as rescue medications (for anxiety,
agitation, or insomnia) permitted for ≤ 7 consecutive days and
≥ 4 h prior to efficacy assessments. Prescribed authorized BZDs
taken at a stable dose for ≥ 3 months before the study and
treatment for EP symptoms were also permitted.

Study assessments
Participation involved 10 visits over the study, inpatient screen-
ing (Days −7 to −2), including enrollment, baseline assessments
and wash-out of previous antipsychotic drugs (within 7 days
before first study drug administration), and a 6-week treatment
period with patients hospitalized up to Day 22, and then
discharged if they had a Clinical Global Impression of Improve-
ment (CGI-I) score ≤ 3 (“at least minimally improved”), which was
re-evaluated daily up to Day 29 as necessary. Visits were
performed on Days 1 (randomization), 4, 8, 15, 22, 29 ± 2, 36 ± 2,
and 43 ± 2 (end of treatment). Follow-up (FU) visit was to be
performed for up to 7 days after the last study drug intake for
safety assessments.
Primary efficacy based on the PANSS total score was assessed at

each visit by trained and certified personnel with standardization
of the inter-rater scoring using the Structured Clinical Interview for
the PANSS [31]. An independent external expert performed
blinded PANSS reviews for the quality control of the primary
criterion measurements. CGI-S was evaluated at enrollment and
on Days 1, 22, 43, and FU and CGI-I was evaluated at each post-
baseline visit after starting treatment.
Blood sampling was performed for plasma F17464 concentra-

tion measurement (11 samples per patient between Day 8 and
Day 43), including pre-dose samples at each visit and 5 post-dose
samples after morning study drug administration on Day 15.
Blinded plasma prolactin levels were measured at baseline, Days 8,
15, 22, 43, and FU.
Safety was assessed by analysis of adverse events (AEs), physical

examination (including vital signs, weight, body mass index, waist
circumference), electrocardiograms (ECGs) and laboratory investi-
gations (hematology and blood chemistry). The following scales
specifically assessed EP symptoms (Barnes Akathisia Rating Scale
—BARS [32], Simpson-Angus Scale—SAS [33], and Abnormal
Involuntary Movement Scale—AIMS [34, 35]), depression (Calgary
Depression Scale for Schizophrenia—CDSS [36]) and suicidal
ideation (Columbia-Suicide Severity Rating Scale—C-SSRS [37]).
Concomitant medications, including antipsychotic medications
were recorded.

Efficacy criteria
The primary outcome was change from baseline to Day 43 in
PANSS total score. Secondary outcomes included changes from
baseline to Day 22 in PANSS total score and to Day 43 in PANSS
sub-scores (positive symptoms, negative symptoms, general
psychopathology), Marder factors scores [38] and PANSS response
(20, 30, and 50%), time to first sustained PANSS response, PANSS
resolution (rating of ≤ 3 for delusions, unusual thought content,
hallucinatory behavior, conceptual disorganization, mannerism/
posturing, blunted affect, social withdrawal, and lack of sponta-
neity), CGI-S and CGI-I scores at Day 43.

Statistical analysis
Sample size was based on the number of patients needed to
detect a difference between groups (standard deviation [SD]) of 8
(19) to give an effect size of 0.42 [39]: 142 patients were required
to achieve 80% power with a significance level set to 5% in a one-
sided condition.
For the primary criterion, the null one-sided hypothesis tested

was H01= F17464 is not superior to placebo, versus H11=
F17464 is superior to placebo, and if H01 was rejected, a second
hypothesis was tested: H02= there is no difference between
groups, versus H12= F17464 is different to placebo. The primary
analysis was performed on the full analysis set (FAS; patients
receiving ≥ 1 drug dose with PANSS total score measured at
baseline and at least once by Day 43) using an analysis of
covariance (ANCOVA) model after last observation carried forward
(LOCF) imputation of missing values, with treatment group as
fixed factor; PANSS total score at baseline and country were
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covariates. Supportive analyses were conducted on the per-
protocol (PP) set (FAS patients without major protocol deviation
and receiving study drug for ≥ 7 days) using the primary ANCOVA
model and on the FAS using an ANCOVA combined with Rubin’s
multiple imputation (MI) [40]. A treatment by country interaction
analysis was also performed.
For secondary criteria, the changes from baseline to Day 22 in

total PANSS score and to Day 43 in PANSS subscales scores and
each Marder factor score were analyzed as for the primary
criterion (LOCF and MI). The PANSS response criteria and PANSS
resolution criterion were analyzed using logistic regression with
LOCF imputation and using a MI-logistic analysis.
Time to first sustained PANSS response was analyzed using

survival curves according to the Kaplan–Meier method and
compared between groups using the Gehan test. CGI-S and CGI-
I scores were analyzed using logistic regression (LOCF imputation)
and the Cochran–Mantel–Haenszel test; PANSS total score and
CGI-S at baseline and country were covariates.
Pharmacokinetic (PK) parameters (including maximum plasma

concentration (Cmax), time to maximum plasma concentration
(tmax) and area under the plasma concentration time curve
between two drug administrations (AUCτ)) were determined on
the PK set (patients receiving ≥ 1 drug dose and with ≥ 1 PK
sample) on Day 15.
Prolactin levels (values and changes from baseline) were

analyzed on the safety population. The numbers of patients

with hyperprolactinaemia (>20 ng/mL for males and > 25 ng/mL
for females) were recorded and categorized by levels of
severity [41].

RESULTS
After the study completion, one study center was found to have
violated Good Clinical Practice (GCP) standards. Consequently,
data from this center (10 randomized patients) were excluded
from the database for the final analysis and are therefore also
excluded from this manuscript.

Patients
Between 27 August 2014 and 22 December 2015, 134 patients
were randomized (67 each to F17464 or placebo) and received the
study treatment, 81 completed 6 weeks of treatment (Fig. 1).
More patients on placebo versus F17464 discontinued treat-

ment (44.8% versus 34.3%). This difference in attrition rates began
in the first week of the out-patient treatment phase and was
maintained throughout. Main treatment discontinuation reasons
were lack of efficacy and AE ‘worsening of schizophrenia’ (29.9%
with placebo and 16.4% with F17464, respectively).
Demographic and baseline disease characteristics were gen-

erally similar across treatments; 59.0% of patients were male and
the mean (SD) age was 37.3 (11.5) years: most patients had the
diagnosis of paranoid schizophrenia (94.8%), with a mean (SD)

Fig. 1 Study flow chart. AE: adverse event, excl: excluding, PK: pharmacokineticsor
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time since diagnosis of 5.60 (5.05) years and a mean (SD) PANSS
total score at baseline of 88.9 (9.1) (Table 1).
More patients in the F17464 versus placebo group were

“moderately ill” on the CGI-S (53.7% versus 31.3%); with mirror
percentages for the categories “markedly ill” or “severely ill”
having fewer patients in the F17464 group versus placebo.

Efficacy
All 134 randomized and treated patients were included in the FAS;
20 were excluded from the PP set (10 each on placebo or F17464)
owing to major protocol deviations (19 patients) or insufficient
exposure (1 patient) (Fig. 1). Global compliance was similar with
placebo (98.9%) and F17464 (97.9%). Unless otherwise stated
results with LOCF imputation of missing values are presented.

PANSS total score
For the primary endpoint, change from baseline to Day 43 in
PANSS total score, the observed mean (SD) change was −16.2
(16.0) on F17464 versus −11.5 (14.4) on placebo, giving an
adjusted between-group difference (standard error; SE) of −6.2
(2.5), statistically significant in both the one-sided test (95% CI: [-α;
−2.07], p < 0.01) and two-sided test (95% CI: [−11.08; −1.27], p <
0.02) (Fig. 2). There was no significant treatment by country
interaction but a statistically significant country effect (p < 0.003);
the highest treatment effect was for Russia (adjusted mean (SE)
−9.2 (4.36)). The primary results were supported by analysis on the
PP set (−6.6 (2.5), p < 0.01 in both tests). For the ANCOVA with MI
the between-group difference (SE) of −4.4 (3.2) was in favor of
F17464 but did not reach statistical significance.
The mean reduction in total PANSS score in the F17464 group

was greater than in the placebo group at Day 15 and the
between-group difference was statistically significant from Day 22
(p < 0.02) (Fig. 2).
For PANSS response, more patients with F17464 (26.9%) versus

placebo (14.9%) showed a 30% improvement at Day 43: the
difference was statistically significant (p < 0.05), with an odds ratio

(OR) estimate for treatment effect 2.6-fold higher with F17464
(95% CI: 1.05; 6.53); the treatment effect with the MI-ANCOVA
analysis was in favor of F17464 (OR 2.2-fold higher with F17464,
95% CI: 0.90; 5.28), but not statistically significant (p < 0.10). Similar
results were obtained for 20% improvement (49.3% versus 32.8%
patients with F17464 and placebo, respectively, p < 0.02) with an
OR 2.7-fold higher with F17464 (95% CI: 1.25; 5.95). The treatment
effect with MI-ANCOVA analysis (OR 2.2-fold higher with F17464,
95% CI: 1.03; 4.71) was also statistically significant (p= 0.046). A
50% response was observed in 3 patients with F17464 and none
with placebo.
A shorter time to first sustained PANSS response was observed

for Fl7464 versus placebo; the probability of a sustained 20 or 30%
PANSS response was 15–20 and 10–15% higher with F17464 than
placebo, respectively, from Day 21 onwards (Fig. 3). These results
indicate that once the symptoms reduction was achieved, it was
maintained until the end of treatment. PANSS resolution at Day 43
was 53.7% with F17464 and 35.8% with placebo: the difference
was statistically significant (p < 0.05) with an OR 2.1-fold higher
with F17464 (95% CI: 1.01; 4.24).
Regarding the use of BZDs, allowed as rescue medication, there

was no difference in the number of patients who used BZDs
(59.7% with placebo; 58.2% with F17464), the median percentage
of days of BZD intake relative to the treatment duration was
higher in the placebo group (60.1%) than the F17464 group
(51.1%). This did not jeopardize the ability to the study to show
superiority of F17464 over placebo.

PANSS subscales scores
Statistically significant decreases for F17464 vs. placebo from
baseline to Day 43 in PANSS positive score (p= 0.03; non-
parametric test) and PANSS general psychopathology score
(adjusted mean difference (SE) of −3.6 (1.3), p < 0.01) were
observed. The decrease for F17464 vs. placebo from baseline to
Day 43 in PANSS-negative score (mean reduction of −2.0 vs. −1.0)
did not reach statistical significance.

Table 1. Demographic and baseline disease characteristics

Placebo
(N= 67)

F17464
(N= 67)

Total
(N= 134)

Gender (n, %) Male 39 (58.2) 40 (59.7) 79 (59.0)

Female 28 (41.8) 27 (40.3) 55 (41.0)

Age (years) Mean (SD) 36.5 (11.6) 38.1 (11.3) 37.3 (11.5)

Weight (kg) Mean (SD) 74.1 (14.0) 73.5 (14.2) 73.8 (14.1)

BMI (kg/m2) Mean (SD) 26.0 (4.4) 25.2 (4.0) 25.6 (4.2)

Waist circumference (cm) Mean (SD) 90.3 (11.9) 88.4 (13.0) 89.4 (12.5)

Type of schizophrenia (n, %) Catatonic 0 (0.0) 1 (1.5) 1 (0.7)

Disorganized 1 (1.5) 1 (1.5) 2 (1.5)

Paranoid 64 (95.5) 63 (94.0) 127 (94.8)

Undifferentiated 2 (3.0) 2 (3.0) 4 (3.0)

Time since schizophrenia diagnosis (years) Mean (SD) 5.11 (4.5) 6.08 (5.5) 5.60 (5.1)

Age at schizophrenia diagnosis (years) Mean (SD) 31.5 (11.4) 32.1 (10.3) 31.8 (10.8)

Time since start of current psychotic episode (days) Mean (SD) 31.6 (30.5) 26.8 (21.7) 29.2 (26.5)

PANSS assessment Total score Mean (SD) 90.0 (9.2) 87.9 (9.0) 88.9 (9.1)

Positive score Mean (SD) 25.2 (3.9) 24.5 (3.8) 24.9 (3.9)

Negative score Mean (SD) 20.3 (3.6) 19.9 (3.4) 20.1 (3.5)

General psychopathological score Mean (SD) 44.4 (5.6) 43.5 (5.8) 44.0 (5.7)

CGI-Severity (n, %) Moderately ill 21 (31.3) 36 (53.7) 57 (42.5)

Markedly ill 45 (67.2) 30 (44.8) 75 (56.0)

Severely ill 1 (1.5) 1 (1.5) 2 (1.5)

BMI= body mass index, PANSS= Positive and Negative Syndrome Scale, CGI= Clinical Global Impression, SD= standard deviation
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Analyses of changes from baseline to Day 43 in the five PANSS
Marder factors (negative, positive, cognitive, excitation, and
depression) showed a greater mean reduction with F17464 than
placebo, which was statistically significant for the Marder positive
factor (adjusted mean difference (SE) of −2.1 (0.8), p < 0.02). The
treatment effect for each PANSS score and Marder factor with the
MI-ANCOVA analysis was in favor of F17464 but not statistically
significant.
A post hoc analysis using the Wallwork factors of the PANSS

items [42], confirmed a statistically significant difference in favor
of F17464 on the positive factor and in addition on a factor
corresponding to cognitive function (Disorganization/Concrete
factor: P2, N5, G11), (adjusted mean difference (SE): −0.85 (0.40),
p= 0.03).

CGI-S and CGI-I
On day 43, more patients with F17464 than placebo were
considered improved on CGI-S categories “mildly” or “borderline”
mentally ill together, either on the FAS (56.7% versus 37.3%), or on
the observed values (74% and 46%) in each group, respectively,
and on CGI-I responders with “very much” or “much” improved
categories together (43.3% versus 29.9%, respectively). Although
the between-group difference was clinically relevant, it did not
reach the statistical significance probably owing to the imbalance
baseline distribution of the different categories, which did not
favor F17464 group (globally less severe than placebo), whereas
the treatment effect was higher in the subgroup of “markedly”
and “severely” ill patients (results not presented).

Pharmacokinetics
On Day 15 when steady-state was reached: mean Cmax was 2682
ng/mL, with high interindividual variability (86%, owing to one
patient with a very low plasma level although evaluated as
sufficiently compliant) and mean AUCτ was 30917 h.ng/mL, with
moderate-to-high interindividual variability (47%).

Safety
Mean (SD) exposure was similar for both groups: 31.7 (12.6) days
with placebo and 33.5 (12.9) days with F17464. The mean duration
of hospitalization was 21.04 (5.34) days in the F17464 group and
21.55 (5.84) days in the placebo group.
The incidence of treatment-emergent AEs (TEAEs) was slightly

higher for patients receiving F17464 (70.1%) than placebo (61.2%)
(Table 2); the incidence of treatment-related TEAEs was similar
between groups (49.3% with F17464; 46.3% with placebo). The
most common TEAEs (>5% patients) with a higher incidence (>2
patients’ difference) with F17464 than placebo were reported
under the preferred terms of schizophrenia (reported term:
“worsening of schizophrenia”), insomnia (9.0%; 19.4%), agitation
(6.0%; 10.4%) and blood triglycerides increased (3.0%; 7.5%) with
F17464 and placebo, respectively. Of note, akathisia was reported
in 3 (4.5%) patients with F17464 and no patients with placebo and
was reversible (per BARS scores) while continuing treatment. Drug
ineffective and anxiety were reported with a lower incidence with
F17464 than placebo. As there was no strict definition for
reporting the inefficacy-related events (schizophrenia or drug
ineffective), it was considered relevant to pool data for these two

Fig. 2 Mean (SEM) PANSS total score change from baseline over time after LOCF Imputation (FAS *p < 0.05; **p < 0.01)

Fig. 3 Time to first sustained PANSS 20% (a) and 30% (b) response
(LOCF)—KM (FAS)
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AEs, giving an incidence of lack of efficacy-related TEAEs of 19.4%
with F17464 and 32.8% with placebo.
With both F17464 and placebo, most TEAEs were mild (31.3%

vs. 22.4%) or moderate (29.9% in both groups) in severity.
During study treatment, a similar proportion of patients had ≥ 1

authorized benzodiazepine intake (58.2% with F17464; 59.7% with
placebo).
The incidences of serious AEs and AEs leading to treatment

discontinuation were lower with F17464 than placebo (Table 2). All
serious AEs were lack of efficacy-related AEs (14.9% and 22.4% on
F17464 and placebo, respectively). the main reason for treatment
discontinuation was lack of efficacy or AE “worsening of
schizophrenia” (16.4% and 29.9%, respectively). In addition,
treatment was discontinued in the F17464 group for one patient
with hepatic enzyme increased and one with suicide ideation,
depression, and anxiety, and in the placebo group for one patient
with blood bilirubin increased, one with vomiting and one with EP
disorder. All these events resolved with corrective treatments after
stopping the study drug.
There were no clinically relevant differences between groups in

laboratory results, ECGs, blood pressure or heart rate abnormalities
reported as AEs, physical examinations or when considering
abnormal scores obtained in the rating scales (BARS, AIMS, SAS,
CDSS, or C-SSRS). Most of abnormalities were either isolated or
resolved whilst continuing treatment.
High prolactin values at baseline were recorded for 29.9% and

49.3% patients with F17464 and placebo, respectively. During the
study, values decreased with placebo (by 26–34 ng/mL in females
and 6–13 ng/mL in males on average), returning to normal values
in almost all patients with abnormal baseline values (69.7%). With
F17464, prolactin levels increased in males (by 11–12 ng/mL on
average) and were stable up to the end of treatment; in females
they increased at Days 8 and 15 (by 13 and 12 ng/mL on average,
respectively) before returning to near baseline levels at Days 22
and 43.
Changes from normal prolactin values at baseline (≤ 25 ng/mL

and ≤20 ng/mL for females and males, respectively) to clinically
relevant last values on treatment (>75 ng/mL), were reported with
F17464 for three females only and in no female patients on
placebo. No hyperprolactinemia-related symptoms were reported
during the short exposure to treatment.

DISCUSSION
This 6-week, placebo-controlled study in acutely exacerbated
patients with schizophrenia demonstrated the antipsychotic
efficacy of F17464, a new preferential D3 antagonist antipsychotic
agent.
The NEWMEDS merged the largest data set of individual patient

data from 29 randomized placebo-controlled studies of second-
generation antipsychotics conducted in adult schizophrenia
patients by five large pharmaceutical companies [43]. The
study patient population was similar to the NEWMEDS population,
with respect to schizophrenia type and severity of the episode
(based on PANSS total score), but there were more female patients
in this study (41% versus 27% in the NEWMEDS population) [43].
A statistically significant reduction of the PANSS total score after

6 weeks of treatment (primary criterion) was observed with
F17464 versus placebo in the FAS and confirmed in the PP set. The
MI-based method, assuming a random missingness process that
cannot be verified, confirmed the quantitative results of the
primary criterion, but did not show a statistical difference between
groups; this could be owing to a higher placebo response than in
the primary analysis. There was no significant treatment by
country interaction, which confirms the primary analysis model
validity. The observed low variability could be explained by the
efforts to ensure PANSS assessment quality, including training,
regular retraining and certification of raters, and blinded quality

Table 2. Summary of adverse events with F17464 or placeboa

Variable Placebo (N= 67) F17464 (N= 67)

Number of patients (%)

Adverse event summary

≥1 TEAE 41 (61.2) 47 (70.1)

≥1 TEAE considered related to
treatment

31 (46.3) 33 (49.3)

≥1 AE leading to treatment
discontinuation

20 (29.9) 13 (19.4)

≥1 Serious AE 15 (22.4) 10 (14.9)

Adverse events

Pre-defined adverse events of interestb

EP symptoms 2 (3.0) 4 (6.0)

Extrapyramidal disorder 1 (1.5) 0 (0.0)

Akathisia 0 (0.0) 3 (4.5)

Dyskinesia 1 (1.5)* 0 (0.0)

Tremor/intention tremor 1 (1.4)* 1 (1.5)

Hepatic disorders 2 (3.0) 6 (9.0)

Transaminases increasedc 1 (1.5)* 3 (4.5)

Blood alkaline phosphatase
increased

0 (0.0) 1 (1.5)

Bilirubin increasedd 1 (1.5) 2 (3.0)

Metabolic effects 2 (3.0) 6 (9.0)

Hyperlipidemiae 2 (3.0) 5 (7.5)

Waist circumference increased 0 (0.0) 1 (1.5)*

Weight increased 0 (0.0) 1 (1.5)*

Blood creatine phosphokinase
increased

1 (1.5)* 2 (3.0)

Other adverse events possibly related to treatmentf

Drug ineffectiveg 13 (19.4) 2 (3.0)

Schizophreniah 4 (6.0) 8 (11.9)

Insomnia 4 (6.0) 7 (10.4)

Agitation 2 (3.0) 5 (7.5)

Anxiety 3 (4.5) 3 (4.5)

Headache 1 (1.5) 2 (3.0)

Vomiting 2 (3.0) 2 (3.0)

Nausea 2 (3.0) 0 (0.0)

Tachycardia 2 (3.0) 0 (0.0)

AE= adverse event, TEAE= treatment-emergent adverse event
aThe safety population included all randomized patients who received at
least one dose of study treatment. TEAEs were any events that occurred or
worsened during treatment from first study drug administration to the end
of follow-up; they were tabulated for each group according to the
preferred terms from the Medical Dictionary for Regulatory Activities
(MedDRA 18.0)
bThese adverse events were pre-defined in the statistical analysis plan as
being of particular interest
cIncludes the preferred terms of hepatic enzyme increased, and aspartate
aminotransferase increased
dIncludes the preferred terms of blood bilirubin increased, and bilirubin
conjugated increased
eIncludes the preferred terms of blood triglycerides increased, blood
cholesterol increased, and low-density lipoprotein increased
fThese preferred terms reported as being related to study treatment by the
Investigator at least once in either group (note: global incidence is
presented). Shown events were observed in ≥ 2% patients in either group,
listed by decreasing overall order of incidence.
gThis corresponded in principle to no clinically significant change in PANSS
total score versus baseline in the Investigator’s opinion
hThis corresponded in principle to a clinically significant increase of PANSS
total score versus baseline in the Investigator’s opinion
*adverse events reported by the same patient # 8305002 (BW+waist
circumference increased), # 5503002 (tremor+ dyskinesia), # 5502008 (AST
+ CPK increased)
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checks performed by an external reviewer, leading to remediation
sessions. In addition, BZDs, taken as rescue medication by a similar
proportion of patients in both groups, did not jeopardize the
ability to the study to show superiority of F17464 over placebo.
The reduction in PANSS total score with F17464 versus placebo
was observed after 2 weeks and was statistically significant from
3 weeks onwards. Once the symptoms reduction was achieved, it
was maintained until the end of treatment. The effect of F17464
on the PANSS positive and general psychopathology scores, the
Marder positive factor of PANSS and on PANSS response and
resolution rates confirmed the superiority of F17464 over placebo
(secondary efficacy analyses). Trends in favor of F17464 were
observed for other Marder factors (cognitive, depression and
excitation). There was no statistically significant difference
between groups in PANSS negative score and Marder negative
factor: this was expected as the study population (acute
exacerbation; patients with predominant negative symptoms
were not eligible) and study design (short 6-week duration)
would not be adequate for testing a potential effect on negative
symptoms [30]. A post hoc analysis was performed using the
Wallwork factors of the PANSS items; considering the disorganiza-
tion factor which includes mainly items reflecting cognitive
abilities, it was significantly more improved with F17464
than with placebo, indicating a beneficial effect on cognitive
functions.
Although results of the CGI-S and CGI-I scores indicated

clinically relevant lower severity and increased treatment response
after treatment with F17464 versus placebo, differences were not
statistically significant. The discrepancy in CGI-S versus PANSS
results may be explained by the unbalanced distribution across
CGI-S classes at baseline (patients were globally less severe with
F17464 than placebo) combined with the higher treatment effect
observed in “markedly” and “severely” ill patients. It has been
indeed well-established that, the greater the baseline severity, the
greater the magnitude of the differences is between active
treatment and placebo [44].
In a PET-scan study performed in healthy volunteers, F17464 at

a single dose of 15 or 30 mg robustly (> 80%) occupied D3
receptors with little (< 20%) D2 receptor occupancy [15]. These
data suggest that the positive results reported here are
accompanied by a full D3 receptors occupancy.
In total, 39.6% patients prematurely discontinued study

treatment (34.3% with F17464 and 44.8% with placebo) owing
to lack of efficacy/worsening of schizophrenia, AEs, or withdrawal
of consent. These results are comparable with those obtained in
controlled studies with second-generation antipsychotics [43, 45].
The higher incidence of treatment discontinuation with placebo
was visible from Day 28 onwards, corresponding to patient
hospital discharge.
The short wash-out period of previous antipsychotics could

explain the high prolactin levels at baseline (29.9% with F17464
and 49.3% with placebo) and the general decrease observed
during the study with placebo. F17464 was associated with an
increase in prolactin levels during the study and hyperprolactine-
mia was more frequent and more marked in female patients
(clinically relevant last on treatment values (> 75 ng/mL) but
asymptomatic, reported in only three females). Antipsychotics are
known to increase prolactin levels, generally in a dose-dependent
manner, in both healthy controls and patients with schizophrenia,
with greatest effects in females [46].
The overall incidence of TEAEs was slightly higher with F17464

than placebo; the most common TEAEs were related to lack of
efficacy and were more frequent in the placebo group (19.4% on
F17464 and 32.8% on placebo). TEAEs reported more frequently
with F17464 included insomnia, agitation, blood triglycerides
increased and akathisia, a known antipsychotic class effect, which
was nevertheless rare and reversible whilst continuing treatment.

TEAEs reported more frequently with placebo included anxiety
and EP disorder.
Among SAEs and AEs leading to treatment discontinuation

(both of lower incidence with F17464), most were related to lack
of efficacy.
Overall the efficacy of F17464 in improving symptoms in

patients with acute exacerbation of schizophrenia was demon-
strated versus placebo over 6 weeks. F17464 exhibited a favorable
safety profile, with no weight gain, no EP disorder except rare
akathisia, supporting the hypothesis that a D3 preferential
antagonist is an effective antipsychotic and could provide
incremental therapeutic benefits for patients with schizophrenia
as compared with currently marketed medications.
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