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Inadequate response to antipsychotic treatment is common 
in patients with schizophrenia. This study evaluated 
pimavanserin, a 5-HT2A receptor inverse agonist/antagonist, 
as adjunctive treatment in patients with inadequate response. 
This was a 6-week, randomized, double-blind, placebo-
controlled, study conducted in North America and Europe. 
Adult outpatients with schizophrenia and inadequate re-
sponse to current antipsychotic were enrolled. Inclusion 
criteria included Positive and Negative Syndrome Scale 
(PANSS) total score ≥65 and ≤110 and retrospective antipsy-
chotic treatment stability of 8 weeks. Pimavanserin 20 mg/
day or placebo added to ongoing antipsychotic was tested 
in a flexible-dose paradigm with dose adjustments allowed 
during the first 3 weeks. The primary efficacy endpoint, 
PANSS total score change from baseline to week 6, was not 
met, although improvement was greater with pimavanserin 
than placebo (LS mean difference: –2.1, [95% CI: –4.5, 0.4]; 
P = .094). As a hierarchical testing procedure was used, ad-
ditional efficacy analyses were exploratory. Clear separa-
tion from placebo was observed with pimavanserin at week 
6 for the PANSS Negative Symptoms subscale (LS mean 
difference: –0.7, [95% CI: –1.5, 0.0]) and Marder Negative 
Symptom Factor score (–0.9, [–1.7, –0.1]). Analysis of 
European sites (81.5% of patients) revealed a difference 
for pimavanserin versus placebo on PANSS total score (LS 
mean difference: –3.1, [95% CI: –5.8, –0.4]) and Clinical 
Global Impressions–Severity score (–0.2, [–0.4, –0.0]). 
Treatment-emergent adverse events occurred in 39.9% with 
pimavanserin and 36.4% with placebo. Although statistical 
significance for the primary endpoint was not met, a trend to-
ward improvement in negative symptoms was observed with 
pimavanserin, warranting further study.
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Introduction

Second-generation antipsychotics are currently the 
standard of treatment for schizophrenia.1 Despite proven 
efficacy, their use is associated with a high prevalence of 
residual morbidity due to an inadequate response to an-
tipsychotic treatment. Consequently, a substantial pro-
portion of patients continue to have persistent residual 
symptoms despite having symptomatic improvement 
with antipsychotic treatment.2 These ongoing psychotic 
symptoms have been associated with a higher risk of re-
lapse and hospitalization3 and a significant reduction in 
quality of life and functioning.4

Many compounds have been investigated as adjunc-
tive therapies to antipsychotics without demonstrating 
convincing efficacy in treating nonresponding or re-
sidual schizophrenia symptoms.5 The results of these 
studies indicate that most types of polypharmacy are not 
beneficial6; however, this is a field that needs further re-
search. While adding medications to antipsychotic drug 
treatments is common when managing partial response 
in schizophrenia, no pharmacologic combination has 
been approved for this indication. Thus, a need exists for 
treatment options that improve response, remission, and 
recovery rates as well as safety and tolerability profile 
compared with current treatments for schizophrenia.

Pimavanserin is a highly selective, 5-hydroxytryptamine 
(5-HT)2A inverse agonist/antagonist with low appreciable 
activity at 5-HT2C receptors and no affinity for adrenergic, 
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dopaminergic, histaminergic, and muscarinic receptors.7 
The rationale for an effect of pimavanserin in psychosis has 
been well described.8,9 Beneficial effects of pimavanserin 
for the treatment of psychosis were seen in previous clin-
ical studies in patients with schizophrenia and with psy-
chosis associated with Parkinson’s disease or Alzheimer’s 
disease.10–12 Pimavanserin is approved in the United States 
for the treatment of hallucinations and delusions associ-
ated with Parkinson’s disease psychosis and is currently 
being investigated in negative symptoms of schizophrenia. 
The phase 3 ENHANCE study evaluated the efficacy and 
safety of adjunctive pimavanserin for the treatment of 
schizophrenia in patients with an inadequate response to 
current antipsychotic treatment.

Methods

The study protocol was reviewed and approved by an 
independent ethics committee or institutional review 
board at each study site and implemented following the 
principles of Good Clinical Practice derived from the 
Declaration of Helsinki, and in accordance with local 
regulations and International Council of Harmonization 
guidelines. All patients provided written informed con-
sent prior to any study procedures. The study was regis-
tered at ClinicalTrials.gov (Identifier: NCT02970292).

Study Design and Participants

This was a 6-week, randomized, double-blind, placebo-
controlled, multicenter study conducted in North 
America and Europe. Adult stable outpatients with 
schizophrenia defined by the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-5) and 
confirmed by a customized module of the Structured 
Clinical Interview for DSM-5, Clinical Trials Version 
(SCID-5-CT)13 were eligible if  they had an inadequate re-
sponse to current antipsychotic treatment.

The study was up to 14 weeks long consisting of a 
screening period of up to 4 weeks and a 6-week treatment 
period. Patients who completed the treatment period were 
eligible to enroll in a 52-week open-label extension phase. 
For patients who did not enroll in the extension phase 
or discontinued prematurely from the study, a 4-week 
safety follow-up (telephone call) was conducted. At base-
line, patients were randomized to receive pimavanserin 
20 mg/d or placebo added to their ongoing antipsychotic 
treatment for 6 weeks. Pimavanserin could be increased 
to 34 mg/d or decreased to 10 mg/d as needed for efficacy 
or tolerability during the first 3 weeks of treatment.

Men or women ≥18 and ≤55 years of age were eligible 
if  they had a diagnosis of schizophrenia ≥1  year prior 
to randomization and moderate-to-severe psychotic 
symptoms, defined as a Positive and Negative Syndrome 
Scale (PANSS) total score ≥65 and ≤110 with no change 
>30% between screening and baseline, a PANSS item 

score ≥4 (moderate or worse) on at least two of the three 
selected items (P1 delusions, P3 hallucinations, and 
P6 suspiciousness/persecution), and a Clinical Global 
Impressions–Severity (CGI-S) score ≥4 at both screening 
and baseline. To be eligible, patients previously stabilized 
on an adequate dose of an antipsychotic within the dose 
range recommended by local regulations for at least 8 
weeks prior to screening had to have a partial but inad-
equate response to treatment established through treat-
ment history and an independent telemedicine interview. 
Antipsychotic compliance was confirmed by measuring 
antipsychotic drug levels at screening.

Exclusion criteria included the following: current co-
morbid psychiatric condition other than schizophrenia; 
history of resistance to antipsychotic treatment (defined 
here as minimal response to ≥2 adequate antipsychotic 
medications at adequate doses for an adequate length 
of time or treatment with clozapine for refractory psy-
chosis or use of clozapine within 12 weeks of screening); 
risk of suicide or violent behavior; substance abuse dis-
order; treatment with three or more antipsychotics 
within 8 weeks of screening; use of any medication that 
could prolong the QT interval or history of long QT 
syndrome or prolonged QRS interval; presence of any 
medical condition that could interfere with the conduct 
of the study. A pill count (placebo or pimavanserin) was 
performed at each visit to document compliance. Patients 
with <80% or >120% compliance could be discontinued 
from the study unless there was a justifiable and tran-
sient reason for lower compliance, or a case of inad-
vertent overcompliance, both of which would have been 
captured as protocol deviations. Complete inclusion/
exclusion criteria are listed in Supplementary material 
S1. Prohibited and restricted therapies and concomitant 
medications are listed in Supplementary material S2.

Randomization was in a 1:1 ratio using an interactive 
response system to pimavanserin or placebo stratified by 
North America versus Europe using a computer-generated 
permuted-block randomization schedule. Blinding was 
assured by restricting access of personnel and/or designee 
to the treatment codes and providing identical tablets 
and packaging for adjunctive pimavanserin and placebo 
treatments.

Assessments

The primary efficacy measure was the change from base-
line to week 6 in the PANSS total score.14 The key sec-
ondary outcome measure/variable was the mean change 
from baseline to week 6 for the CGI-S score.15 The 
PANSS, including the Informant Questionnaire for the 
PANSS (IQ-PANSS),16 and CGI-S were administered at 
screening, baseline, and weekly, and the Clinical Global 
Impressions—Improvement scale (CGI-I) was assessed 
at weeks 1 through 6.  The Karolinska Sleepiness Scale 
(KSS)17 was administered at baseline and weekly. The 
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36-Item Short-Form Health Survey (SF-36),18 Drug 
Attitude Inventory (DAI),19 and Personal and Social 
Performance scale (PSP)20 were administered at base-
line and week 6.  The Calgary Depression Scale for 
Schizophrenia (CDSS)21 was administered at screening, 
baseline, and week 6.

All efficacy and safety assessments were performed 
by certified raters at each site to ensure reliable results. 
Comprehensive rater training and an in-study assessment 
program was used to identify discrepant scoring and un-
usual scoring patterns. Site data monitoring was used to 
ensure quality of efficacy assessments, reduce variability, 
and ensure consistency across the sites. Kappa analyses of 
rater scoring agreement were done based on the prestudy 
qualification scoring procedure for the PANSS scale study 
to assess inter-rater reliability both at the group and indi-
vidual rater level. The proportion of agreement expected 
based on chance alone was assumed to be 0.7.22 The meth-
odology for calculating kappa and weighting to correct 
for chance is in Supplementary text S3. A weighted kappa 
value of 0.75–1.00 was determined to indicate an excellent 
level of agreement. Qualified raters were those with good, 
weighted kappa based on their prestudy qualification 
rating(s). In the study, overall kappa was 0.906. Individual 
kappa values also indicated excellent agreement among all 
raters (individual kappa range, 0.809–0.941).

Safety assessments included adverse events (AEs), 
physical examination, vital signs (heart rate, blood pres-
sure, respiratory rate, temperature), body weight, 12-lead 
electrocardiogram, and clinical laboratory tests (hema-
tology, chemistry, urinalysis, prolactin). The Columbia–
Suicide Severity Rating Scale23 was assessed at screening, 
baseline, and weekly, and the Barnes Akathisia Rating 
Scale (BARS),24 Abnormal Involuntary Movement 
Scale (AIMS),25 and Simpson–Angus Scale (SAS)26 were 
assessed at baseline and weeks 1, 3, and 6.

Statistical Analysis

For sample size determination, it was assumed, based on 
prior results in a similar population,10 that a 6.0 difference 
between pimavanserin and placebo for the mean change 
in the PANSS total score from baseline to week 6 would 
be clinically meaningful, and the common standard devi-
ation would be 17.0 points. Thus, 171 evaluable patients 
per treatment group would provide at least 90% power 
to detect a difference between pimavanserin and placebo 
at a significance level of 0.05, using a two-sided t-test. 
Adjusting for a potential nonevaluable rate of up to 10%, 
approximately 380 patients (190 patients per treatment 
group) were to be randomized. The safety analysis set 
included all randomized patients who received at least 
one dose of study drug and was used for analysis of all 
safety endpoints. The full analysis set (FAS) included all 
randomized patients who received at least one dose of 
study drug and had both a baseline value and at least one 

postbaseline value for the PANSS total score and was 
used for analysis of all efficacy endpoints.

The primary outcome of  change in PANSS total 
score was analyzed using mixed-effects model for re-
peated measures (MMRM) with change from base-
line as the dependent variable, and treatment group 
(pimavanserin or placebo), visit, treatment-by-visit in-
teraction, geographic region (North America, Europe), 
baseline PANSS total score, and baseline-by-visit inter-
action as independent variables. The treatment com-
parison was based on the difference in least squares 
(LS) mean at week 6 and was tested at an alpha level 
of  0.05 (two-sided) using the FAS. Exploratory analyses 
of  PANSS total score at each of  the other timepoints 
(weeks 1, 2, 3, 4, and 5) were conducted using the same 
MMRM model. A  hierarchical testing procedure was 
used to control the type 1 error rate across the primary 
and key secondary endpoint.

Secondary and exploratory endpoints (CGI-S, PANSS 
Marder Factor score,27 PANSS subscales, and KSS) were 
analyzed using the MMRM model. The CGI-I score at each 
postbaseline timepoint was analyzed using the MMRM 
model with CGI-I score as the dependent variable, and 
treatment group, visit, the treatment-by-visit interaction, ge-
ographic region, baseline CGI-S score, and the baseline-by-
visit interaction as independent variables. The change from 
baseline to week 6 for the PSP, Drug Attitude Inventory, 
CDSS, and SF-36 scores was analyzed using an analysis of 
covariance model with effects for treatment group and geo-
graphic region, and the baseline value as a covariate.

Thus, the proportion of patients with ≥20% or ≥30% 
reduction in the PANSS total score, and the proportion 
of patients with a CGI-I score of 1 or 2 were summarized 
at each timepoint, and treatment groups were compared 
using a Cochran-Mantel-Haenzel test stratified by geo-
graphic region. Observed cases were analyzed in all sta-
tistical models. Since the PANSS is an interval scale that 
lacks a natural zero point (possible scores range from 30 
to 210), the percentage change in PANSS total score was 
calculated based on corrected scores after subtracting 30 
points from the raw scores. All analyses were performed 
using SAS® V9.2 or higher.

Results

A total of 633 patients were screened, and 396 patients 
were randomized to pimavanserin (n = 198) or placebo 
(n = 198) at 88 clinical sites in North America and Europe 
between October 2016 and June 2019. Overall, 88% of 
pimavanserin and 96% of placebo patients completed the 
study; the most common reason for study discontinua-
tion was consent withdrawn (Supplementary figure S1). 
The FAS comprised 196 patients on placebo and 193 on 
pimavanserin (table 1). At baseline, 222 (57.1%) patients 
were markedly ill based on a CGI-S score ≥5, and 179 
(46.0%) patients had a PANSS total score ≥90.
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In the safety analysis population, the last dose in 
the study was 34  mg for 55% of patients (218 of 396; 
pimavanserin, n = 105; placebo, n = 113), 20 mg for 42% 
(168 of 396; pimavanserin, n = 88; placebo, n = 80), and 
10 mg for 3% (10 of 396; pimavanserin, n = 5; placebo, 
n = 5). Of randomized patients, 4 patients (2%; 2 from 
each treatment group) were discontinued because of 
noncompliance with the study drug (returned >20% of 
provided tablets). Nonantipsychotic concomitant medi-
cation used in the study is summarized in Supplementary 
table S1. Anticholinergics used during the study by pla-
cebo and pimavanserin groups were biperiden hydro-
chloride (2.0% and 4.0%), trihexyphenidyl (3.0% both), 

biperiden (2.0% both), benztropine (1.0% and 1.5%), and 
benztropine mesylate (1.0% both), respectively.

Efficacy

The change from baseline to week 6 on the primary ef-
ficacy endpoint (PANSS total score) was numerically 
greater in the pimavanserin group compared with the pla-
cebo group, however, the difference was not statistically 
significant (LS mean difference: –2.1, 95% confidence in-
terval [CI]: –4.5, 0.4; P = .094). This difference was also 
smaller than what was hypothesized to be clinically sig-
nificant at the time of sample size calculation. Gradually 
increasing separation from placebo was observed from 
week 3 onward (figure 1).

As there was no evidence of superiority of pimavanserin 
versus placebo with respect to the primary efficacy end-
point, formal testing for the key secondary endpoint and 
other efficacy endpoints was not performed. The results 
of all analyses of these endpoints were therefore explor-
atory. For the CGI-S, the change from baseline to week 
6 also indicated a nonsignificant treatment difference in 
favor of pimavanserin versus placebo (LS mean differ-
ence: –0.1, 95% CI: –0.3, 0.0; table 2). Nominal differences 
were observed at week 3 (LS mean difference: –0.1, 95% 
CI: –0.2, –0.0), week 4 (–0.2, 95% CI: –0.4, –0.1), and 
week 5 (–0.2, 95% CI: –0.3, –0.0) (figure 1).

A prespecified analysis by region (Europe: 81.5%; 
North America: 18.5%) revealed a difference at week 
6 for pimavanserin versus placebo on both the PANSS 
total score (LS mean difference: –3.1, 95% CI: –5.8, –0.4) 
and the CGI-S score (LS mean difference: –0.2, 95% CI: 
–0.4, –0.0) in the European region (figure 2 and table 3). 
Notable improvements on the CGI-S were observed in 
the pimavanserin group versus placebo at weeks 3 (LS 
mean difference: –0.1, 95% CI: –0.3, –0.0), 4 (–0.3, 95% 
CI: –0.4, –0.1), and 5 (–0.2, 95% CI: –0.4, –0.0) for the 
European region (figure 2).

In the FAS, a difference favoring pimavanserin versus 
placebo was observed at week 6 for the PANSS Negative 
Symptoms subscale (table  2) and for the PANSS Marder 
Negative Symptom Factor score (table 3). This difference 
was more pronounced at European sites, where a greater 
separation of pimavanserin from placebo was observed from 
week 2 onward for the PANSS Marder Negative Symptom 
Factor score compared with separation at weeks 3 and 4 
for the PANSS Marder Positive Symptoms Factor score 
(figure 3). Similarly, a difference in favor of pimavanserin 
versus placebo was observed at week 6 in the European 
region (LS mean difference: –1.1, 95% CI: –1.9, –0.2) on 
the PANSS Negative Symptoms subscale. No significant 
differences between treatment groups were observed for ei-
ther positive or negative symptoms for North America.

For the CGI-I (score of 1 or 2), response rates were 
39.3% and 34.4% with pimavanserin and placebo, respec-
tively (difference: 4.9%, 95% CI: –5.0, 14.7) at week 6. The 

Table 1.  Baseline Characteristics (FAS Population)

 Placebo (n = 196) Pimavanserin (n = 193) 

Age, yearsa 37.5 ± 9.4 36.9 ± 9.5
Male gender, n (%) 120 (61.2) 122 (63.2)
Europe, n (%) 160 (81.6) 157 (81.3)
North America, 
n (%)

36 (18.4) 36 (18.7)

Race, n (%)   
  White 170 (86.7) 172 (89.1)
 � Black/African 

American
22 (11.2) 21 (10.9)

  Other 4 (2.0) 0
Age at diagnosis, 
yearsa

26.5 ± 7.4 26.4 ± 7.8

Duration of schiz-
ophrenia, yearsa

12.0 ± 8.5 11.5 ± 8.1

Background anti-
psychotic, n (%)b

  

  Aripiprazole 45 (23.0) 38 (19.7)
  Asenapine -- 1 (0.5)
  Brexpiprazole 1 (0.5) 4 (2.1)
  Capriprazine 1 (0.5) 1 (0.5)
  Lurasidone 2 (1.0) 5 (2.6)
  Olanzapine 70 (35.7) 69 (35.8)
  Risperidone 77 (39.3) 75 (38.9)
PANSS total scorea 88.1 ± 8.6 88.3 ± 9.4
PANSS positive 
symptom scorea

22.8 ± 3.2 23.0 ± 3.4

PANSS negative 
symptom scorea

23.1 ± 4.0 23.0 ± 4.1

PANSS general 
psychopathologya

42.2 ± 5.9 42.4 ± 6.2

PANSS Marder 
Factor Score

  

 � Negative 
symptomsa

22.5 ± 4.2 22.3 ± 4.5

 � Positive 
symptomsa

27.7 ± 3.4 27.9 ± 3.9

CGI-S a 4.6 ± 0.5 4.6 ± 0.6
Karolinska Sleepi-
ness Scalea

4.7 ± 1.7 4.6 ± 1.5

Note: CGI-S, Clinical Global Impression–Severity; FAS, full anal-
ysis set; PANSS, Positive and Negative Syndrome Scale.
a Mean ± standard deviation. 
b Includes oral and long-acting injectable formulations.
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proportion of responders at week 6 (≥20% improvement in 
PANSS total score) was 63.0% with pimavanserin versus 
52.4% with placebo (difference: 10.6%, 95% CI: 0.4, 20.5). 
Response rates for the PANSS total score in the European 
region were consistently higher with pimavanserin versus 
placebo beginning at week 2 (figure 4).

For the KSS, separation from placebo was observed 
with pimavanserin beginning at week 4, and the difference 
between treatments favored pimavanserin (LS mean differ-
ence: –0.3, 95% CI: –0.6, –0.0) at week 6 (table 2). Changes 
for the CDSS, SF-36, DAI, and the PSP were similar be-
tween placebo and pimavanserin groups (table 3).

Safety

Pimavanserin was well tolerated, with treatment-
emergent adverse events (TEAEs) occurring in 79 

(39.9%) patients with pimavanserin versus 72 (36.4%) 
with placebo (table 4). The most common TEAEs were 
somnolence (6.6%), headache (6.6%), and insomnia 
(5.1%) with pimavanserin, and headache (9.1%) with pla-
cebo. The most common treatment-related TEAEs with 
pimavanserin were somnolence (11 patients, 5.6%), nausea 
(5 patients, 2.5%), insomnia (5 patients, 2.5%), headache 
(3 patients, 1.5%), and anxiety (3 patients, 1.5%). Serious 
TEAEs occurred in 2 (1.0%) patients with pimavanserin 
(schizophrenia, hallucinations, suicidal ideation) and 2 
(1.0%) patients with placebo (schizophrenia, psychotic 
symptoms, self-injurious ideation). Five (2.5%) patients 
discontinued pimavanserin for 7 TEAEs (palpitations, 
psychogenic visual disorder, suicidal ideation [n  =  2], 
hallucinations [n  =  2], schizophrenia). No patients dis-
continued placebo for TEAEs. No deaths occurred in 
either group.

Fig. 1.  Mean change from baseline for PANSS total score (A) and CGI-S score (B). FAS population. a LS mean from MMRM with fixed 
effects of region (North America, Europe), planned treatment (adjunctive pimavanserin, adjunctive placebo), study visit (weeks 1, 2, 3, 4, 
5, 6), treatment-by-visit interaction, baseline score, and baseline-by-visit interaction. An unstructured covariance matrix is used to model 
the within-subject errors. The denominator degrees of freedom are estimated using the Kenward-Roger approximation; CGI-S, Clinical 
Global Impressions–Severity; FAS, full analysis set; LS, least squares; MMRM, mixed-effect model for repeated measures; PANSS, 
Positive and Negative Syndrome Scale; SE, standard error.
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No clinically significant effects of pimavanserin 
were reported on clinical laboratory tests or vital signs. 
Bodyweight increased ≥7% from baseline in 3/191 
(1.6%) patients on placebo and 5/189 (2.6%) patients on 
pimavanserin. Elevations >500 ms in the QTcB or QTcF 
interval at any time postbaseline were not reported in 
any patients, and a >60 ms change from baseline in the 
QTcB interval was reported for 1/195 (0.5%) patient on 
placebo and 2/189 (1.1%) patients on pimavanserin. Six 
(3.0%) patients in each group reported postbaseline su-
icidal ideation on the Columbia–Suicide Severity Rating 
Scale, and no patients had suicidal behavior.

The incidence of extrapyramidal symptoms was low in 
this study. Mean (standard deviation) change from base-
line to week 6 with adjunctive pimavanserin and placebo 
for the AIMS (–0.1 [0.83], –0.1 [0.41]), BARS (–0.1 [0.52], 
0.0 [0.60]), and SAS (–0.3 [1.11], 0.0 [0.84]) was min-
imal (Supplementary table S2). No patients in placebo 
and pimavanserin groups experienced dyskinesias when 
defined as a score of ≥3 on any of the first seven AIMS 
items or ≥2 on any two of the first seven AIMS items. 
Among patients without akathisia at baseline, 1/189 
(0.5%) on placebo and 4/186 (2.2%) on pimavanserin 
experienced akathisia at any postbaseline visit using 
a score of ≥2 on BARS as the cutoff. Among patients 
without Parkinsonism at baseline, 4/182 (2.2%) on pla-
cebo and 3/181 (1.7%) on pimavanserin had signs of 
Parkinsonism (SAS total score >3) at any postbaseline 
visit (Supplementary table S3).

Discussion

In this multicenter, randomized, double-blind, placebo-
controlled study in patients with an inadequate response 
to ongoing antipsychotic treatment, neither the primary 
endpoint of change in PANSS total score at 6 weeks nor 
the key secondary endpoint of change in CGI-S at 6 
weeks was met. However, increasing separation from pla-
cebo was apparent with pimavanserin at later timepoints 
with exploratory efficacy analyses suggesting a trend to-
ward improvement in all symptoms of schizophrenia, no-
tably more in negative symptoms.

The overall improvement in the PANSS total score 
with pimavanserin treatment (LS mean [standard error; 
SE]: –15.4 [0.89]) was comparable to that reported in 
similar studies of  adjunctive treatment in stable schiz-
ophrenia patients with a partial response to antipsy-
chotic treatment (mean: –11.2 with cannabidiol after 
6 weeks of  treatment; –10.5 to –14.4 for bitopertin 
after 12 weeks of  treatment).28,29 However, the placebo 
group in the ENHANCE study (LS mean [SE]: –13.3 
[0.86]) demonstrated a stronger response than the pla-
cebo groups in these prior studies (mean: –8.8 after 6 
weeks of  treatment in the cannabidiol study; –11.65 to 
–14.1 after 12 weeks of  treatment in the 3 bitopertin 
studies).28,29T

ab
le

 2
. 

B
as

el
in

e 
an

d 
M

ea
n 

C
ha

ng
e 

at
 W

ee
k 

6 
fo

r 
P

ri
m

ar
y 

an
d 

Se
co

nd
ar

y 
O

ut
co

m
es

 (
FA

S 
Po

pu
la

ti
on

)

 
P

la
ce

bo
 (

N
 =

 1
96

)
P

im
av

an
se

ri
n 

(N
 =

 1
93

)
 

 

E
nd

po
in

t
M

ea
n 

(S
E

) 
ba

se
lin

e 
L

S 
m

ea
n 

(S
E

) 
ch

an
ge

 a
t 

w
ee

k 
6 

M
ea

n 
(S

E
) 

ba
se

lin
e 

L
S 

m
ea

n 
(S

E
) 

ch
an

ge
 a

t 
w

ee
k 

6 
L

S 
m

ea
n 

(S
E

) 
di

ff
er

-
en

ce
 9

5%
 C

I
C

oh
en

’s 
d 

ef
fe

ct
 s

iz
e

P
ri

m
ar

y
 

 
 

 
 

 
PA

N
SS

 t
ot

al
 s

co
re

88
.1

 (
0.

61
)

–1
3.

3 
(0

.8
6)

88
.3

 (
0.

68
)

–1
5.

4 
(0

.8
9)

–2
.1

 (
1.

24
) 

[–
4.

5,
 0

.4
]

0.
17

3
S

ec
on

da
ry

 
 

 
 

 
 

C
lin

ic
al

 G
lo

ba
l I

m
pr

es
si

on
s-

Se
ve

ri
ty

4.
6 

(0
.0

4)
–0

.7
 (

0.
05

)
4.

6 
(0

.0
4)

–0
.8

 (
0.

06
)

–0
.1

 (
0.

08
) 

[–
0.

3,
 0

.0
]

0.
20

0
PA

N
SS

 P
os

it
iv

e 
Sy

m
pt

om
s 

Su
bs

ca
le

22
.8

 (
0.

23
)

–4
.9

 (
0.

30
)

23
.0

 (
0.

25
)

–5
.4

 (
0.

31
)

–0
.5

 (
0.

43
) 

[–
1.

4,
 0

.4
]

0.
12

0
PA

N
SS

 N
eg

at
iv

e 
Sy

m
pt

om
s 

Su
bs

ca
le

23
.1

 (
0.

29
)

–2
.0

 (
0.

26
)

23
.0

 (
0.

29
)

–2
.8

 (
0.

27
)

–0
.7

 (
0.

37
) 

[–
1.

5,
 

–0
.0

]
0.

20
6

P
er

so
na

l a
nd

 S
oc

ia
l P

er
fo

rm
an

ce
51

.6
 (

0.
78

)
5.

6 
(0

.6
2)

51
.8

 (
0.

79
)

6.
9 

(0
.6

4)
1.

3 
(0

.8
9)

 [-
0.

5,
 3

.0
]

0.
14

8
D

ru
g 

A
tt

it
ud

e 
In

ve
nt

or
y 

–1
0

5.
8 

(0
.2

3)
0.

4 
(0

.1
8)

5.
6 

(0
.2

4)
 0

.4
 (

0.
18

)
–0

.0
 (

0.
25

) 
[–

0.
5,

 0
.5

]
–0

.0
15

K
ar

ol
in

sk
a 

Sl
ee

pi
ne

ss
 S

ca
le

 S
co

re
4.

7 
(0

.1
2)

–0
.2

 (
0.

10
)

4.
6 

(0
.1

1)
–0

.5
 (

0.
10

)
–0

.3
 (

0.
14

) 
[–

0.
6,

 
–0

.0
]

0.
23

2

N
ot

e:
 F

A
S,

 f
ul

l a
na

ly
si

s 
se

t;
 L

S,
 le

as
t 

sq
ua

re
s;

 P
A

N
SS

, P
os

it
iv

e 
an

d 
N

eg
at

iv
e 

Sy
nd

ro
m

e 
Sc

al
e;

 S
E

, s
ta

nd
ar

d 
er

ro
r;

 S
F

-3
6,

 3
6-

It
em

 S
ho

rt
-F

or
m

 H
ea

lt
h 

Su
rv

ey
.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schizbullopen/sgac006#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schizbullopen/sgac006#supplementary-data


Page 7 of 13

ENHANCE Study of Pimavanserin for Schizophrenia

Overall safety and tolerability of pimavanserin was 
comparable to placebo with a very low rate of serious AEs 
and discontinuation for AEs. No deaths occurred, and no 
clinically significant differences between pimavanserin 
and placebo were observed for vital signs, body weight, 
electrocardiogram findings, or extrapyramidal symptoms. 
Of randomized patients, only 4 (2%) were discontinued 
from the study due to noncompliance with study drug, 
and over 90% of patients in the FAS completed the study.

Several factors, such as a higher than expected placebo 
response,30 the inherent variability and heterogeneity of 
antipsychotic response among individual patients,31 and 
a lower responsiveness in patients with multi-episode 
schizophrenia31 may have contributed to the lack of  a 
statistically significant effect of  pimavanserin on the 
primary endpoint. In this study, while the propor-
tion of  responders at week 6 who had minimal clinical 

improvement (defined as ≥20% improvement in PANSS 
total score),32 was 56.5% with pimavanserin, the pro-
portion of  responders in the placebo group (50.5%) 
was also high, representing a substantial placebo ef-
fect. Increased clinical attention in weekly visits, along 
with caregiver support, might have accounted for mean-
ingful improvements in both pimavanserin and placebo 
arms. Analyses of  geographic differences in outcomes 
from schizophrenia studies have found increased pla-
cebo responses and have suggested lower treatment 
effects in North American studies sites compared with 
European sites.33,34 Differences in patient populations, 
academic versus commercial sites, rates of  antipsychotic 
polypharmacy, and medical practice may explain these 
differences.34,35 The large number of  investigative sites 
have been previously associated with greater placebo 
response.36 In this study, because of  large sample size 

Fig. 2.  Mean change from baseline among prespecified subgroup of patients enrolled in Europe for PANSS total score (A) and CGI-S 
score (B). FAS population. a LS mean from MMRM with fixed effects of region (North America, Europe), planned treatment (adjunctive 
pimavanserin, adjunctive placebo), study visit (weeks 1, 2, 3, 4, 5, 6), treatment-by-visit interaction, baseline score, and baseline-by-
visit interaction. An unstructured covariance matrix is used to model the within-subject errors. The denominator degrees of freedom 
are estimated using the Kenward-Roger approximation; CGI-S, Clinical Global Impressions–Severity; FAS, full analysis set; LS, least 
squares; MMRM, mixed-effect model for repeated measures; PANSS, Positive and Negative Syndrome Scale; SE, standard error.
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requirements, 88 investigative sites were engaged. In spite 
of  ongoing rater calibration and quality oversight that 
reduced the variability of  response in our study, their im-
pact on greater placebo response cannot be excluded.

An effort was made to enrich the population by 
enrolling patients who might be better responders to 
study treatment based on a broad range of PANSS se-
verity inclusion criteria and focusing on a younger pa-
tient population with shorter treatment duration history. 
Although the mean patient age at screening was younger 
(37.2  years) than the mean age in comparable studies 
(39-43 years),29 with a mean treatment duration of 11 to 
12 years since diagnosis, the vast majority (over 84%) of 
patients enrolled in our study had a history of multiple 
hospitalizations for schizophrenia (1–5 hospitalizations: 
67%; 6–10 hospitalizations: 17.7%). Consequently, de-
spite the effort to recruit patients earlier in their disease 

course, the actual population enrolled is representative 
of more severely affected patients who may have already 
reached the maximum benefit from background antipsy-
chotic therapy.37 In fact, a good proportion of patients 
recruited may meet the minimal criteria for treatment re-
sistance based on the TRRIP working group consensus.38 
In addition, while the flexible dose design allowed for 
dose increases for efficacy, the protocol did not man-
date the dosing schedule to start with the highest dose. 
Consequently, only 55% of the patients received 34 mg as 
their last dose level, leaving the possibility that potential 
underdosing may also have contributed to the negative 
outcome of the study.

Further measures such as inclusion/exclusion criteria 
designed to select patients with an inadequate response 
to treatment, confirmation of the adherence to the an-
tipsychotic at screening and throughout the study, and 

Fig. 3.  Mean change from baseline among prespecified subgroup of patients enrolled in Europe for PANSS Marder Factor Score 
for negative symptoms (A) and positive symptoms (B). FAS population. a LS mean from MMRM with fixed effects of planned 
treatment (adjunctive pimavanserin, adjunctive placebo), study visit (weeks 1, 2, 3, 4, 5, 6), treatment-by-visit interaction, baseline score 
(continuous covariate), and baseline-by-visit interaction. An unstructured covariance matrix is used to model the within-subject errors. 
The denominator degrees of freedom are estimated using the Kenward-Roger approximation; FAS, full analysis set; LS, least squares; 
MMRM, mixed-effect model for repeated measures; PANSS, Positive and Negative Syndrome Scale; SE, standard error.
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study drug adherence checks at each study visit were 
undertaken to minimize variability among the study 
population. Additionally, site data monitoring was em-
ployed to ensure quality and consistency across sites 
and to reduce variability. Despite these measures, the 

heterogeneity of schizophrenia syndrome remains an ob-
stacle to demonstrating an overall group effect.

Many exploratory analyses were conducted to un-
derstand the findings of this study. In particular, most 
analyses consistently revealed notable differences from 

Fig. 4.  Response rates for ≥20% improvement from baseline to week 6 (A) and ≥30% improvement from baseline to week 6 (B) on the 
PANSS total score for the European region. FAS population. Note: FAS, full analysis set; PANSS, Positive and Negative Syndrome 
Scale.

Table 4.  Incidence of Treatment-Emergent Adverse Events (Safety Population)

 Number (%) of patients

Pla-
cebo (n = 198) Pimavanserin (n = 198) 

Any TEAE 72 (36.4) 79 (39.9)
Drug-related TEAE 25 (12.6) 33 (16.7)
Serious TEAE 2 (1.0) 2 (1.0)
Discontinuation for TEAE 0 5 (2.5)
TEAEs occurring in ≥2% of either group, n (%)   
Headache 18 (9.1) 13 (6.6)
Somnolence 7 (3.5) 13 (6.6)
Insomnia 7 (3.5) 10 (5.1)
Dizziness 5 (2.5) 3 (1.5)
Nausea 4 (2.0) 6 (3.0)
Nasopharyngitis 4 (2.0) 5 (2.5)
Anxiety 2 (1.0) 5 (2.5)
Respiratory tract infection 1 (0.5) 5 (2.5)

Note: AE, adverse event; TEAE, treatment-emergent adverse event.
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placebo on assessments of negative symptoms of schiz-
ophrenia, including the PANSS Negative Symptom 
subscale and Marder Negative Factor score in the FAS 
and among European study sites for negative symptoms 
on the same measures. These results, while interesting, 
should be interpreted with caution; however, they align 
with results from a prior study in patients with schizo-
phrenia, where augmenting low-dose risperidone with 
pimavanserin demonstrated greater efficacy than low-
dose risperidone with placebo in all symptom domains, 
including negative symptoms.10 It is unclear whether this 
difference is generalizable across regions, as these effects 
were more prominent among European patients in this 
study. Moreover, while the study targeted enrollment of 
patients with positive symptoms, baseline severity of neg-
ative symptoms (measured by PANSS negative subscale) 
was reflective of a population with predominant negative 
symptoms (where predominant negative symptoms are 
defined as a PANSS negative subscale score greater than 
any occurring positive subscale score39). This is important 
to further understand the potential effect of pimavanserin 
on negative symptoms, given the retrospective stability of 
positive symptoms and antipsychotic treatment stability 
of the enrolled population in the ENHANCE study.

The possible benefit of adjunctive pimavanserin on neg-
ative symptoms is encouraging, considering that negative 
symptoms are poorly responsive to most antipsychotic 
treatments.30,40 A meta-analysis of 21 antipsychotic clinical 
trials of negative symptoms in schizophrenia found signif-
icant improvement with amisulpride versus placebo,41–44 
and for cariprazine versus risperidone45 where the effect 
size was 0.31.40 These monotherapy results are similar to 
the effect sizes that were observed in this adjunctive treat-
ment study for the PANSS Negative Symptoms subscale 
(0.206 overall; 0.296 among European sites). While this 
study did not demonstrate a significant difference in the 
PANSS total score between pimavanserin and placebo 
treatment groups, future studies of pimavanserin are 
warranted in clinical trials that target negative symptoms.

Potential limitations of this study include a 6-week 
treatment period, use of a flexible dosage schedule 
without requiring that patients achieve a maximum dose, 
study entry criteria that allowed for patients with dif-
ferent severity of disease, and within label but often high 
background antipsychotic dose that would imply treat-
ment resistance. Prior pimavanserin studies show a sepa-
ration from placebo after 2 weeks, but it is possible that a 
6-week study in this population of patients with marked 
severity of illness did not allow sufficient time to observe 
a significant effect. As mentioned above, the flexible dose 
design, while resembling clinical practice, did not man-
date at least an initiation of treatment with a maximum 
dose, leaving many patients on a potentially suboptimal 
dose throughout the whole study. Approximately 55% 
of patients received dosage escalation to 34  mg at the 
end of the study; 42% received 20 mg. In future studies, 

treatment with the 34-mg dose of pimavanserin could 
demonstrate an improved response.

Conclusion

The primary efficacy endpoint of change in PANSS total 
score at 6 weeks was not met, indicating lack of signif-
icant and clinically meaningful benefit of adjunctive 
pimavanserin over placebo in schizophrenia patients 
with inadequate response to antipsychotic treatment. 
Exploratory analyses identified trends toward improve-
ment in negative symptoms, warranting future study. 
Overall safety and tolerability of pimavanserin was com-
parable to placebo.

Supplementary Material

Supplementary data are available at Schizophrenia 
Bulletin Open online.
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