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BL-1020, a New γ-Aminobutyric Acid–Enhanced Antipsychotic: 
Results of 6-Week, Randomized, Double-Blind, Controlled, 
Efficacy and Safety Study
Yona Geffen, PhD; Richard Keefe, PhD; Jonathan Rabinowitz, PhD; Ravi Anand, MD;  
and Michael Davidson, MD

Antipsychotics have not been effective for core cognitive impair-
ments in schizophrenia.1–4 In fact, there is evidence that 

conventional antipsychotics may be neurotoxic and induce neuronal 
loss and gliosis in the striatum, hypothalamus, brainstem, limbic 
system, and cortex as well as apoptosis (for a review, see Vernon et 
al5). Cognitive impairments6 are important targets for intervention, as 
they affect vocational and social functioning and independent living.7 
Second-generation antipsychotics are, at best, only slightly better at 
reducing some cognitive impairments than first-generation antip-
sychotics.8–10 Two recent landmark studies, European First-Episode 
Schizophrenia Trial2 in first-episode patients and Clinical Antipsy-
chotic Trials of Intervention Effectiveness (CATIE)4 in chronically ill 
patients, did not find first- or second-generation antipsychotics to be 
significantly effective in ameliorating cognitive impairment. The small 
effects observed in these studies could even be practice effects.3 Thus, 
there is little evidence that antipsychotics ameliorate cognitive impair-
ments in schizophrenia.

BL-1020 is an orally administered antipsychotic that is a 
γ-aminobutyric acid (GABA) ester of perphenazine.11,12 On the basis 
of animal and preclinical data, we hypothesized that BL-1020 would 
provide antipsychotic efficacy with minimal extrapyramidal symptoms 
and could improve cognition. In novel object recognition and reversal 
learning in rats, it was able to reverse cognitive impairment induced 
by phencyclidine, perphenazine alone did not have this effect, and 
there was an increase in GABA in the rat brain.12,13 BL-1020 combines 
dopamine receptor blockade (high affinity for D2L and D2S) with high 
affinity for serotonin 5-HT2A and histamine H1 receptors. Unlike other 
antipsychotics, it has agonist activity at GABAA receptor but no activity 
at metabotropic GABAB receptor.12 Hypoactivity of GABA is impli-
cated in schizophrenia.14–19 Preclinically, BL-1020 showed a favorable 
safety profile, while retaining efficacy. In animals, it was devoid of 
cataleptic extrapyramidal symptoms at doses associated with efficacy.12 
The current study is the first controlled study to examine BL-1020.

METHOD

Study Setting and Design
This was a 6-week, randomized, double-blind, placebo-controlled, 

parallel group, multicenter, phase 2 study to determine safety, efficacy, 
and tolerability of low (10 mg/d)- and flexible high (20–30 mg/d)-dose 
ranges of BL‑1020. Risperidone 2 to 8 mg (based on a previous study20) 
was an active control. Acutely exacerbated schizophrenia patients were 
randomized and titrated to target dose based on tolerability during first 
treatment week. The study was powered at 90% to find a 15 (SD = 25)-
point difference in change on Positive and Negative Syndrome Scale 
total score between BL-1020 20–30 mg and placebo. This difference 
required 60 patients per arm. To compensate for dropout, we aimed 
to enroll 360 patients.

ABSTRACT
Objective: BL-1020 is a γ-aminobutyric acid (GABA)–
enhanced antipsychotic that combines dopamine 
antagonism with GABA agonist activity. On the basis  
of animal models, we tested the hypotheses that BL-
1020 would be effective in ameliorating both psychotic 
symptoms and cognitive impairments, with a favorable 
safety profile in acutely ill schizophrenia patients.

Method: 363 hospital-based psychiatric patients in 
India, Romania, and United States aged 18 to 65 years 
and meeting criteria for DSM-IV-TR diagnosis of chronic 
schizophrenia were randomized double-blind to receive 
BL-1020 10 mg/d, BL-1020 20–30 mg/d, placebo, or 
risperidone (2–8 mg/d) for 6 weeks. The main outcome 
measures were the Positive and Negative Syndrome Scale 
(PANSS), Brief Assessment of Cognition in Schizophrenia, 
Readiness for Discharge Questionnaire, Clinical Global 
Impressions Scale (CGI) , and Extrapyramidal Symptom 
Rating Scale. The study ran from July 2008 to June 2009.

Results: BL-1020 20–30 mg was significantly better 
than placebo on PANSS (P = .02) and CGI (P < .001) 
measurements, with no significant differences noted 
between BL-1020 20–30 mg and risperidone. There 
were no significant differences in the maximum change 
on Extrapyramidal Symptom Rating Scale between 
risperidone and BL-1020 20–30 mg, and both were 
significantly worse (P < .001) than placebo. BL-1020 
20–30 mg was associated with significantly greater 
improvements on cognitive functioning as measured 
by the Brief Assessment of Cognition in Schizophrenia 
composite score when compared to placebo (effect 
size = 0.50, P = .009), risperidone (effect size = 0.43, 
P = .019), and BL-1020 10 mg (effect size = 0.42,  
P = .013) after 6 weeks.

Conclusions: BL-1020 appears to be an effective 
antipsychotic with possible procognitive effects that will 
need to be further tested for short- and long-term effects. 
A further randomized controlled trial using the US Food 
and Drug Administration–recommended Measurement 
and Treatment Research to Improve Cognition in 
Schizophrenia cognitive battery is ongoing.
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Cognitive deficits in schizophrenia may be ameliorated ■■
with BL-1020.

Further research is needed to examine the  ■■
short- and long-term possible procognitive effects.

Clinical Points
The study was conducted according to Good Clinical 

Practice21 and after local institutional review board approval 
was obtained. Safety was monitored by an independent data 
and safety monitoring board. Between July 2008 and April 
2009, subjects were screened in India (15 sites), Romania 
(17 sites), and the United States (2 sites), and the last patient 
completed the study in June 2009. Adherence to inclusion 
and exclusion criteria was monitored by an independent 
psychiatrist. The study was registered at ClinicalTrials.gov 
(identifier: NCT00567710).

Participants
Inclusion criteria were as follows: (1) male and female sub-

jects (excluding those of childbearing potential); (2) subjects 
who were aged 18 to 65 years (inclusive); (3) DSM-IV-TR 
diagnosis of chronic schizophrenia (excluding residual type), 
as confirmed by the Mini-International Neuropsychiatric 
Interview22; (4) acute exacerbation within 30 days; (5) Posi-
tive and Negative Syndrome Scale (PANSS)23 total score ≥ 70 
and score ≥ 4 on 2 key PANSS items (delusions, hallucinatory 
behaviors, conceptual disorganization, or suspiciousness/
persecution); (6) Clinical Global Impressions-Severity of 
illness scale (CGI-S) rating of ≥ 4 (moderately ill); (7) sub-
jects who were currently hospitalized for less than a month, 
with a willingness to be hospitalized for at least 20 days; and 
(8) willingness to have a caregiver to assist with treatment 
compliance.

Exclusion criteria included the following: (1) a score greater 
than 9 on the modified InterSePT Scale for Suicidal Think-
ing,24 (2) risk of harming others, (3) treatment-refractory 
psychosis following 2 years of exposure to a therapeutic dose 
of antipsychotics, (4) substance abuse, (5) a primary psychiat-
ric diagnosis other than schizophrenia, (6) tardive dyskinesia 
(past or present as in the CATIE study25), (7) inability to 
stop benzodiazepine treatment, (8) use of mood stabilizers 
within 30 days, unless plasma concentration was below limit 
of quantification, (9) clozapine use within 3 years, (10) being 
within a treatment cycle of a depot antipsychotic (depot ris-
peridone, 2 treatment cycles) plus 1 week; (11) presence of 
likely allergy or sensitivity to BL-1020 or perphenazine, and 
(12) history of blood cell disorder. All participants provided 
written informed consent in their spoken language.

Randomization
Randomization was performed using an interactive voice 

response system. One randomization scheme was generated 
across all sites (ie, a central randomization scheme). On the 
study day, when the drug was dispensed, the investigator 
called the interactive voice response system to assign the 
treatment code number. This medication code number was 
used to identify the medication kit to be dispensed to the 
patient. The investigator then recorded the patient number 
on the label in the space provided.

Interventions
For 5 to 14 days, patients were weaned off antipsychotics 

and other prohibited medications. Study medications were 

packaged identically. Patients were randomized to BL-1020 
low dose (10 mg/d), BL-1020 high dose (20–30 mg/d), ris-
peridone (2–8 mg/d), or placebo. Every 2 days during first 
study week, patients randomized to BL-1020 high dose 
and risperidone had doses titrated toward target dose with 
BL-1020 high-dose patients starting at 10 mg/d and risperi-
done patients starting at 2 mg/d. BL-1020 high-dose patients 
were increased to 20 mg/d on day 3 and then to 30 mg/d on 
day 7, based on tolerability. In the risperidone group, patients 
started at a dose of 2 mg/d, with escalation to 4, 6, and  
8 mg/d on days 3, 5, and 7, respectively. In case of intolerance, 
dosing could be maintained, decreased, or interrupted for up 
to 2 days. Increases were allowed only at regularly scheduled 
visits. Vital signs, electrocardiogram, and blood samples were 
obtained on day 14 up to 5 hours after first dose.

Patients were evaluated at screening, day 0 (baseline), 
weekly, or at early discontinuation. Patients were required to 
remain as inpatients for the first 14 days of treatment. If they 
responded to treatment, as judged by Readiness for Discharge 
Questionnaire,26 they could be discharged.

Outcomes
The PANSS23 was the primary efficacy measure. Sec-

ondary measures were the Calgary Depression Scale for 
schizophrenia,27 CGI-S,28 and the Clinical Global Impressions- 
Improvement scale (CGI-I),28 administered at all study visits  
(the CGI-I was not administered until week 1 of treatment);  
the Strauss-Carpenter Level of Functioning Scale,29 adminis-
tered at day 0 and 42 or at early discontinuation; the Readiness 
for Discharge Questionnaire,26 administered at all visits from 
day 7; and the Medication Satisfaction Questionnaire,30 
administered every 2 weeks or at end of study.

The Brief Assessment of Cognition in Schizophrenia31 was 
administered at day 0 and at the primary end point (6 weeks, 
day 42). For patients who terminated prior to day 42 and who 
had at least 28 days of treatment, an early discontinuation 
assessment was done. The Brief Assessment of Cognition 
in Schizophrenia takes about 35 minutes to administer. It 
assesses processing speed, reasoning and problem-solving, 
working memory, and verbal memory. It was translated 
and back translated to the major languages in India and to 
Romanian. A composite score is obtained by summing the 
normalized z scores for each measure (obtained by comparing 
each measure with a healthy control sample) and dividing by 
standard deviation of mean z scores in healthy controls. The 
composite score has a high test-retest reliability in patients 
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with schizophrenia and healthy controls (intraclass correla-
tion coefficient > 0.80).31,32

Tolerability and safety were assessed based on incidence of 
adverse events, dropouts due to adverse events, weekly ratings 
on the Extrapyramidal Symptom Rating Scale (ESRS),33,34 
vital signs, electrocardiogram, laboratory test results (includ-
ing prolactin), and physical examination.

Experienced raters who successfully completed a 3-day, 
sponsor-approved certification program were used. This 
program included training in using the Brief Assessment 
of Cognition in Schizophrenia by R.K., who developed the 
scale, and training in using the ESRS by the scale developer. 
Multicenter rater-training meetings were also held. When-
ever possible, the same raters were used to assess the same 
patients.

Statistical Analyses
The planned primary end point was the difference in the 

mean change in the PANSS total score from day 0 to day 
42 between high-dose BL-1020 (target dose 30 mg/d) and 
placebo. The safety and efficacy population consisted of all 
patients with at least 1 dose of study medication. The primary 
analysis of the PANSS was a mixed-effect model for repeated 
measures (with treatment, site, week, treatment-by-week as 
factors and baseline value as covariate with an unstructured 
covariance matrix) and the composite approach.35 The com-
posite approach combines the P values of yes/no completion 
and change to week 42 among completers, thereby making 
no assumptions regarding the nature of missing data due to 
discontinuation. Additional planned analyses included exam-
ining change in cognition and the other efficacy measures by 
using analysis of covariance (ANCOVA) of change in score 
to end point (last observation carried forward), adjusting for 
baseline. In the case of the cognitive assessment, baseline 
observation carried forward and day 42 end point were simi-
larly examined. The proportion of patients in each group with 
a clinical response, defined as a 20% decline on the PANSS, 
was compared to placebo by using χ2. The planned compari-
son was of BL-1020 (20–30 mg) and placebo; thus, there was 
no adjustment for multiple comparisons.

RESULTS

A total of 363 patients from India (n = 252; 15 investiga-
tors), Romania (n = 88; 17 investigators), and the United States 
(n = 23; 2 investigators) were randomized and included in the 
safety and intent-to-treat analysis populations. There were no 
statistically significant differences among treatment groups 
on background characteristics (largest difference, P < .27). 
The mean (SD) age was 34.0 (10.2) years; 67.5% were male, 
69.7% were Asian, 27.0% were white, and 3.3% were black/
African American or other; 80% had 8 or more years of edu-
cation; and the majority (57.9%) were unmarried. Patients’ 
mean (SD) height was 163.4 (9.52) cm and weight was 61.7 
(14.93) kg, with mean (SD) body mass index (BMI [kg/m2]) 
of 22.96 (4.70). Mean duration of illness was 8.6 years. Only 
5 were already inpatients at the time of enrollment; the rest 

were recruited upon admission for exacerbation, 27.8% were 
current smokers, and 47.9% drank less than 1 cup of coffee 
per day (supplementary eFigure 1 and eTable 1).

There were no statistically significant differences among 
treatment groups on schizophrenia symptoms, psychosocial 
and cognitive functioning, and extrapyramidal symptoms 
at baseline (all P values < .22). PANSS, Strauss-Carpenter 
Level of Functioning Scale, Brief Assessment of Cognition in 
Schizophrenia, and ESRS total mean scores at baseline were 
as follows: 98, 13.6, 15.5, and 3.25 (supplementary eTable 
2). The highest completion rate, 78%, was for risperidone, 
and the lowest, 60.2%, was for placebo (P = .076). The most 
common reason for discontinuing was “lack of efficacy” or 
“withdrawal of consent” in all groups except the risperi-
done group, where adverse events was the most commonly 
reported reason (supplementary eTable 3).

All patients tolerated the starting dose. A similar propor-
tion of patients in each arm had their doses escalated during 
the first week of treatment. The proportion of patients 
reaching highest dose level on day 7 was similar for BL‑1020 
10 mg, risperidone, and placebo (approximately 72%) but 
slightly lower for BL-1020 20–30 mg (64.7%). Most patients 
tolerated the maximum dose. At their last study visit, about  
83% of the risperidone group were on the maximum dose (8 
mg, n = 59; 6 mg, n = 16; 4 mg, n = 10; 2 mg, n = 6), as were 
the BL-1020 20–30 mg group (30 mg, n = 60; 20 mg, n = 26; 
10 mg, n = 3). 

Efficacy
Mixed-effect model for repeated measures and compos-

ite approach found significantly greater improvement on the 
PANSS for both BL-1020 20–30 mg (mixed effect, P = .02; 
composite, P = .02) and risperidone (mixed effect, P = .001; 
composite, P < .01) compared to placebo but not for BL-1020 
10 mg (mixed effect, P = .81, composite, P = .13). Analysis of 
covariance showed trends for a difference versus placebo for 
both BL-1020 20–30 mg (P = .09) and risperidone (P = .07) 
(Table 1).

On PANSS total during the first 2 weeks of treatment, 
the 3 treatment groups separated from placebo, and, after 
that, 10 mg did not do better than placebo and, at week 5, 
did worse (Figure 1). After week 1, placebo had the high-
est dropout rate. At week 6, BL-1020 10 and 20–30 mg had 
the same dropout rate, and risperidone had the lowest rate 
(Figure 1B). The higher dropout rate of BL-1020, as com-
pared to risperidone, was due to more “lack of efficacy” and 
“withdrawal of consent” dropout.

At days 14, 35, and 42, there was a significant difference 
(P < .009) between the arms in the number of patients who 
had a decline of at least 20% on PANSS total score. The 
most pronounced difference was at day 14 (placebo: 45%, 
n = 36/80; BL-1020 10 mg: 52.4%, n = 43/82; risperidone: 
62.4%, n = 53/85; BL-1020 20–30 mg: 69.9%, n = 58/83, 
P < .007), with similar differences at days 35 and 42 (both 
P < .009).

On secondary efficacy measures CGI-S, CGI-I, Readiness 
for Discharge Questionnaire, and Strauss-Carpenter Level 
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of Functioning Scale, BL-1020 20–30 mg and risperidone 
improved significantly more than placebo, with no signifi-
cant differences between BL-1020 20–30 mg and risperidone. 
On the Calgary Depression Scale for schizophrenia, BL-1020 
20–30 mg was not significantly different on change from 
placebo, whereas risperidone was. BL-1020 10 mg was not 
significantly different from placebo on change from baseline 
on these measures; the largest difference was on the Strauss-
Carpenter Level of Functioning Scale (P = .15) (Table 1).

Cognitive Functioning
BL-1020 20–30 mg achieved significantly more improve-

ment than placebo, BL-1020 10 mg, and risperidone on the 
Brief Assessment of Cognition in Schizophrenia composite 
score change (mean [95% CI]) from baseline to end point 
(9.27 [6.94–11.59] vs 6.01 [3.64–8.38], P = .027; 6.43 [4.17–
8.69] P = .04; and 6.20 [4.06–8.34], P = .027), at day 42 (ie, 
persons who had 42 days of treatment) (10.13 [7.82–12.44] vs 
6.21 [3.82–8.60], P = .009; 6.84 [4.57–9.12], P = .019; and 6.73 

Table 1. Outcomes of BL-1020 10 mg and 20–30 mg and Risperidone as Compared to Placebo
BL-1020 10 mg (n = 90) BL-1020 20–30 mg (n = 89) Risperidone (n = 91)

Symptom Measure Mean 95% CI P Mean 95% CI P Mean 95% CI P
Difference in PANSS total LS mean score from 

placebo,a mixed model
−0.7 −6.3 to 5.0 .81 −6.6 −12.2 to −0.9 .02 −9.4 −14.9 to −3.8 .001

Positive symptoms −0.4 −2.5 to 1.6 .69 −3.7 −5.8 to −1.7 ≤ .001 −4.7 −6.7 to −2.6 < .001
Negative symptoms −0.4 −1.8 to 1.0 .56 −1.3 −2.7 to 0.1 .067 −2.0 −3.4 to −0.6 .004
General psychopathology −1.3 −4.1 to 1.4 .35 −4.1 −6.9 to −1.4 .003 −5.3 −8.0 to −2.5 < .001

20% Improvement in PANSS total (LOCF) 
score vs placebo

7.1% .33 16.4% .001 18.1% < .001

Composite difference (yes/no completion and 
difference in PANSS change for completers)b

.13 .02 < .01

PANSS score, ANCOVA model (with 
treatment, site, and baseline value as factors)

−0.2 −5.2 to 4.8 .95 −4.3 −9.3 to 0.7 .09 −4.6 −9.5 to 0.3 .07

CGI-S score, ANCOVA model (with treatment, 
site, and baseline value as covariates)

−0.07c −0.42 to 0.27 .67 −0.60c −0.94 to −0.25 < .001 −0.67c −1.02 to −0.33 < .001

CGI-I score, responders (“much improved” 
or “very much improved” [score of 1 or 2], 
LOCF)

−0.14 −0.52 to 0.24 .47 −0.77 −1.15 to −0.39 < .001 −0.83 −1.20 to −0.45 < .001

CGI-I score, responders (“much improved” 
or “very much improved” [score of 1 or 2], 
observed cases)

0.01 −0.27 to 0.29 .94 −0.37 −0.65 to −0.09 .009 −0.30 −0.57 to 0.03 .031

Readiness for discharge (any time point) 1.27d 0.70 to 2.29 .43 2.04d 1.10 to 3.79 .023 2.88d 1.51 to 5.48 .001
Calgary Depression Scale for Schizophrenia 

score
0.1 −0.3 to 0.6 .55 −0.2 −0.7 to 0.3 .52 −0.6 −1.0 to −0.1 .02

Strauss-Carpenter Level of Functioning Scale 
score

1.04c −0.39 to 2.46 .153 1.72c 0.31 to 3.14 .017 2.14c 0.74 to 3.54 .003

aAnalysis of covariance, with treatment, site, and baseline values as covariates.
bCombined P values (1-tail) of χ2 test of yes/no completion vs placebo (BL1020 10 mg, P = .06; BL1020 20–30 mg, P = .07; risperidone, P = .003) and 

complete cases ANCOVA at day 42 (BL1020 10 mg, P = .47; BL1020 20–30 mg, P = .04; risperidone, P = .03) using P = p(d) × p(e) × (1 − 1n[p(d) × p(e)]), 
where p(d) is the P value of the difference on rates of dropouts and p(e) is the P value of the difference in efficacy in complete cases between each 
treatment group.

cValue indicates least squares mean.
dValue indicates odds ratio.
Abbreviations: ANCOVA = analysis of covariance, CGI-I = Clinical Global Impressions-Improvement scale, CGI-S = Clinical Global Impressions-Severity 

of illness scale, LOCF = last observation carried forward, LS = least squares, PANSS = Positive and Negative Syndrome Scale. 

Figure 1. Mean Observed Positive and Negative Syndrome Scale (PANSS) by Week and Cases Remaining in Study by Week
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Figure 2. Changes in Score on Brief Assessment of Cognition in Schizophrenia 
Subscales From Baseline to End of Study (adjusted for age and sex; least squares 
mean and 95% CI)

a20–30 mg vs placebo, P = .03; 10 mg vs placebo, P = .68; risperidone vs placebo, P = .92.
b20–30 mg vs placebo, P = .02; 10 mg vs placebo, P = .13; risperidone vs placebo, P = .32.
c20–30 mg vs placebo, P = .04; 10 mg vs placebo, P = .94; risperidone vs placebo, P = .44.
d20–30 mg vs placebo, P = .10; 10 mg vs placebo, P = .54; risperidone vs placebo, P = .51.
e20–30 mg vs placebo, P = .17; 10 mg vs placebo, P = .55; risperidone vs placebo, P = .90.
f20–30 mg vs placebo, P = .12; 10 mg vs placebo, P = .43; risperidone vs placebo, P = .87.
g20–30 mg vs placebo, P = .22; 10 mg vs placebo, P = .23; risperidone vs placebo, P = .45.
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[4.63–8.84], P = .013 ), and after baseline 
observation carried forward analysis 
(5.96 [4.14–7.78] vs 3.64 [1.90–5.38], 
P = .041; 3.76 [2.03–5.48], P = .049; and 
3.86 [2.16–5.57], P = .061). The effect 
size difference on Cohen d36 at day 42 
(completers) between BL-1020 20–30 
mg as compared to placebo, BL-1020 
10 mg, and risperidone were as follows: 
0.50, 0.42, and 0.43. At end point, these 
differences were 0.40, 0.35, 0.38, and, 
when using baseline observation car-
ried forward analysis, the differences 
were 0.29, 0.27, and 0.26. Superiority 
of BL-1020 20–30 mg adjusted for age 
and gender are illustrated by subscale in 
Figure 2. Change in cognition by patients 
in Romania and India separately showed 
the same pattern of group differences 
(data not presented). 

Safety and Tolerability
The proportion of patients with any 

event, drug-related event, and event lead-
ing to discontinuation was highest for 
risperidone (supplementary eTable 4). 
Serious adverse events were rare. Nervous 
system disorders were most prevalent 
for BL-1020 20–30 mg (62.5%), followed 
by risperidone (51.6%), BL-1020 10 mg 
(31.1%), and placebo (22.6%). Preva-
lence of extrapyramidal symptoms was 
comparable for BL-1020 20–30 mg and 
risperidone and substantially higher than 
BL-1020 10 mg and placebo. One risperi-
done patient died of suicide.

Maximum changes on ESRS parkin-
sonism, dystonia, and dyskinesia subscale 
scores were not significantly different 
between BL-1020 10 mg and placebo. 
Both BL-1020 20–30 mg and risperidone 
had significantly more increases of a 
similar magnitude (both P values < .001) 
on the total score and parkinsonism sub-
scale score than placebo and BL-1020 10 
mg. On the dystonia subscale, compared 
to placebo, BL-1020 20–30 mg had sig-
nificantly more score increase (P = .02), 
whereas this difference did not reach sig-
nificance for risperidone (P = .14). Both 
risperidone and BL-1020 20–30 mg had 
significantly higher akathisia maximum 
scores on the ESRS than placebo and 
BL-1020 10 mg. However, the BL-1020 
20–30 mg and risperidone did not differ 
significantly on the akathisia subscale 
(P = .42) (supplementary eTable 5).
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There were no clinically meaningful changes in vital  
signs, metabolic variables, liver function tests, hematology 
profile, and urinanalysis. Change from baseline to end point 
on prolactin levels was dramatically (P < .0001) higher for ris-
peridone (mean = 45.74, SD = 44.96, n = 77) than for BL-1020 
20–30 mg (mean = 8.43, SD = 38.89, n = 78), BL-1020 10 mg 
(mean = 3.69 SD = 26.84, n = 75), and placebo (mean = −3.39, 
SD = 22.31, n = 80). BL-1020 20–30 mg showed significantly 
greater increase in prolactin levels than placebo (P = .02) but 
not BL-1020 10 mg (P = .20) (supplementary eTable 5).

The notable differences in use of concomitant medica-
tions were higher use of benzodiazepine-related drugs with 
BL-1020 10 mg (38.9%) and placebo (35.5%) as compared to 
risperidone (28.6%) and BL-1020 20–30 mg (19.1%). Anti-
cholinergics were used more frequently for patients getting 
BL-1020 20–30 mg (48.3%) and risperidone (40.7%) than 
BL-1020 10 mg (15.6%) and placebo (17.2%). Use of concomi-
tant medications for extrapyramidal symptoms was similar 
for BL-1020 20–30 mg and risperidone (22.7%, n = 20/89; 
23.1%, n = 21/91) and considerably lower for BL-1020 10 mg 
and placebo (5.6%, n = 5/90; 2.2%, n = 21/91) (supplementary 
eTable 6).

DISCUSSION

BL-1020 20–30 mg showed significantly greater improve-
ment on the PANSS and readiness for discharge than placebo. 
There were no significant differences on these measures 
between BL-1020 20–30 mg and risperidone. BL-1020 (both 
arms) had a numerically (but not statistically) higher dropout 
rate, which was due to “lack of efficacy” and “uncooperative-
ness,” than risperidone. This outcome may be due, at least in 
part, to a starting dose of 10 mg in the high-dose group, which 
was too low and was the same dose as the low-dose group. 
BL-1020 20–30 mg and risperidone had similarly higher 
maximum ESRS scores than placebo.

BL-1020 20–30 mg was associated with a significantly 
greater improvement in cognitive functioning on the Brief 
Assessment of Cognition in Schizophrenia as compared to 
risperidone, placebo, and BL-1020 10 mg. In results that were 
different from both recent landmark studies that compared 
a first-generation antipsychotic to second-generation anti-
psychotics, European First-Episode Schizophrenia Trial2 in 
first-episode patients and CATIE4 in chronically ill patients, 
we found a significant effect for BL-1020 in ameliorating 
cognitive impairments. Superiority of BL-1020 on cognition 
was consistent with observations made in animal models of 
cognition that demonstrated that BL-1020, but not perphena-
zine, was able to reverse cognitive impairment induced by 
phencyclidine.12 We hypothesize that the addition of GABA 
contributes to the procognitive outcome of BL-1020, which 
is supported by data12,13 suggesting that administration of 
a GABA type A antagonist (picrotoxin and bicuculline) in 
conjunction with BL-1020 reversed the ability of BL-1020 
to repair cognitive impairments induced by phencyclidine 
in animal models. Perphenazine alone in the animal models 
was not sufficient to effect cognitive changes. Data from 

CATIE suggest, however, that perphenazine may have some 
precognitive effect relative to other drugs, as a post hoc 
18-month assessment in CATIE found that perphenazine 
was slightly better at improving cognition than risperidone 
and olanzapine.4

Limitations of this study include a relatively high dose of 
risperidone, which may have negatively impacted cognition. 
Patients may not be representative of typical clinical samples; 
they had relatively low rates of smoking and low BMI. We 
excluded treatment-refractory psychosis and clozapine-treated 
patients, other diagnoses, patients with tardive dyskinesia, 
and depot treatments, thereby enriching this sample with 
patients who may have been more likely to do better when 
receiving treatment. Comparisons with risperidone were not 
planned. Improvements observed early in all groups might be 
clinical trials effect. Motor side effects did not differ between 
clinically effective dose of BL-1020 and risperidone; thus, 
anticipated motor effect was not found. Benzodiazepines may 
have interfered with GABAergic moiety to a greater extent 
than other prohibited drugs. A perphenazine arm would have 
allowed examining the utility of the GABA conjugate.

Cognitive improvement may have been due to pseudo
specificity. However, whereas BL-1020 was not significantly 
different than risperidone on improvement of psychotic symp-
toms, it was significantly superior to risperidone on change 
in cognition. Furthermore, we reran the planned ANCOVA 
of cognitive change, controlling for PANSS change. The 
statistically significant superiority of BL-1020 20–30 mg on 
cognition over the other groups remained. A claim for cogni-
tive enhancement would require a study of stabilized patients 
to avoid improvement on psychosis affecting cognitive testing 
results. It is possible that, at lower dosages, risperidone would 
have shown more favorable results on cognition.

Future studies should control for possible effects of  
concomitant medications on cognitive test performance. In 
this study, we reran protocol-specified ANCOVA cognitive  
analysis after removing all patients who were taking benzo-
diazepines, β-blockers, antipsychotics, benztropine, hypnotics 
and sedatives, psychostimulants and nootropics, and tertiary 
amines at time of either cognitive testing. Among these 
patients, the BL-1020 20–30 mg group (n = 29) showed signif-
icantly (P = .04) greater cognitive improvement than placebo 
(n = 32) and a numeric superiority (P = .14) over risperidone 
(n = 39), findings that suggest that using these medications 
did not change study results. In addition, future studies 
should examine long-term outcomes and whether, for some 
patients, lower doses of BL-1020 may prove as effective with 
fewer adverse effects. An ongoing randomized controlled trial 
of BL-1020 is using the US Food and Drug Administration–
recommended Measurement and Treatment Research to 
Improve Cognition in Schizophrenia cognitive battery.37

Drug names: benztropine (Cogentin and others), clozapine (FazaClo,  
Clozaril, and others), olanzapine (Zyprexa and others), risperidone 
(Risperdal and others).
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eFigure 1. Summary of participant flow in the randomized clinical trial (Asterisk indicates consent 
withdrawal, protocol violation, noncompliance, and loss to follow-up) 

.  
*Uncooperative non-compliant n=3;; SAE n=1; Lost to follow-up n=1 
** Uncooperative non-compliant n=4;; Lost to follow-up n=1; Other n=1 
*** Uncooperative non-compliant n=3; Withdrawal of consent n=8 ;SAE n=3; Lost to follow-up n=1 
**** Death n=1; SAE n=1; Lost to follow-up n=5 
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eTable 1. Baseline characteristics  
Characteristic   BL1020 10 mg (n=90) BL1020 30 mg (n=89) Risperidone 8 mg (n=91) Placebo (n=93) 
Age (yr) mean (sd) (a) 33.1 (10.13) 33.6 (10.11) 34.2 (10.34) 35.2 (10.26) 
Male sex (%) (b) 68.9% (n=62) 69.7% (n=62) 71.4% (n=65) 60.2% (n=56) 
Race or ethnic group (%) (c)                 
Asian 

 
70% (n=63) 

 
70.8% (n=63) 

 
69.2% (n=63) 

 
68.8% (n=64) 

  White 26.7% (n=24) 25.8% (n=23)  27.5% (n=25) 28.0% (n=26)  
   Black or other 3.2% (n=3)    3.4% (n=3)        3.3% (n=3)        3.2% (n=3) 
Education (%) (d) 
Illiterate 

 
5.6% (n=5) 

 
6.7% (n=6) 

 
6.6% (n=6) 

 
8.6% (n=8) 

1-7 years 11.1% (n=10) 16.9% (n=15)      15.4% (n=14)      12.9% (n=12)      
8-15 years 78.9% (n=71) 66.3% (n=59)      74.7% (n=68)      71.0% (n=66) 
>=16 years 4.4% (n=4)       10.1% (n=9)      3.3% (n=3)       7.5% (n=7)       
Marital status (e) 
Presently married/ in relationship  

 
36.7% (n=33)      

 
42.7% (n=38)      

 
38.5% (n=35)      

 
50.5% (n=47)      

Widowed 2.2% (n=2)       0.0% (n=0)       2.2% (n=2)       2.2% (n=2)       
Divorced/Separated 10.0% (n=9)      11.2% (n=10)      8.8% (n=8)       15.1% (n=14)      
Never married (Single) 51.1% (n=46)      46.1% (n=41)      50.5% (n=46)      32.3% (n=30)      
Height (f) 164.1 (9.34), n=90 163.9 (10.21), n=89 163.9 (9.20), n=91 161.9 (9.32), n=93 
Weight (g) 62.07 (14.31), n=90 62.39 (16.28), n=89 60.94 (13.17), n=91 61.38 (15.94), n=93 
BMI (h) 22.90 (4.20), n=90 23.00 (4.72), n=89 22.58 (4.02), n=91 23.37 (5.70), n=93 
Duration of illness (years) (i) 8.83 (9.01) 7.93 (8.31) 8.26 (8.92) 9.34 (8.88) 
Current cigarette smokers (j) 25.6% (n=23) 24.7% (n=22) 34.1% (n=31) 26.59% (n=25) 
Caffeine (k) Less than one cup per 
day   

46       51.1% 40       44.9% 44 48.4%  44 47.3%  

1-2 cups per day 27       30.0% 30       33.7% 33  34.1% 31  34.1% 
3 or more cups per day 17       18.9% 19       21.3% 16 17.6% 16 17.2% 
Statistical significance: (a) f=1.04, df=2,360, p=0.35; (b) χ2=3.16, df=1, p=0.37; (c) χ2=0.12, df=9, p=0.99;  (d) χ2=7.00, df=9, 
p=0.64; (e) χ2=11.00, df=9, p=0.27; (f) f=1.09, df=3, 359, p=.35; (g) f=.17, df=3, 359, p=.91; (h) f=.44, df=3, 359, p=.72 
(i) f=.454, df=3, 358, p=.71; (j) χ2=2.46, df=3, p=.48;(k) χ2=1.32, df=6, p=.97 
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eTable 2. Symptom, functional, cognitive and extrapyramidal symptoms measures at baseline (Means and SD’s) 
 
 BL1020 10 mg (n=90) BL1020 30 mg  

(n=89) 
Risperidone 8 mg  
(n=91) 

Placebo  
(n=93) 

PANSS  Positive  29.0 (3.5) (n=90) 29.1 (3.1) (n=89) 28.9 (3.1) (n=91) 28.9 (3.2) (n=93) 
    Negative  23.2 (14.2) (n=90) 23.1 (4.2) (n=89) 23.1 (4.2) (n=91) 23.3 (4.5) (n=93) 
   General psychopathology  45.6 (6.9) (n=90) 45.5 (6.3) (n=89) 46.4 (7.8) (n=91) 46.2 (7.3) (n=93) 
   Total (a)  97.7 (11.1) (n=90) 97.7 (10.3) (n=89) 99.5 (12.1) (n=91) 98.5 (11.4) (n=93) 
Calgary depression scale (b) 1.1 (1.57) (n=90) 1.1 (1.73) (n=89) 1.6 (2.30) (n=91) 1.5 (2.45) (n=93) 
CGI-S (c) 4.9 (0.44) (n=90) 5.0 (0.51) (n=89) 5.0 (0.57) (n=91) 5.0 (0.56) (n=93) 
Strauss Carpenter Level of 
Functioning Scale(d) 

13.5 (6.00) (n=90) 13.9 (5.16) (n=89) 13.3 (5.10) (n=91) 13.7 (5.99) (n=93) 

Brief Assessment of Cognition in 
Schizophrenia total (e)  

16.70 (15.5) (n=83) 15.30 (15.5) (n=72) 13.50 (12.3) (n=84) 16.50 (15.4) (n=80) 

    Verbal memory 29.00 (10.83) (n=85) 28.27 (12.67) (n=82) 28.16 (9.11) (n=87) 29.38 (11.44) (n=85) 
    Digit Sequencing 25.29 (14.03) (n=84) 23.11 (15.88) (n=78) 22.30 (11.12) (n=86) 24.75 (13.62) (n=85) 
   Token Motor Task 36.06 (12.16) (n=86) 33.22 (13.08) (n=80) 32.86 (10.50) (n=86) 33.56 (13.75) (n=85) 
   Fluency 24.24 (8.92) (n=86) 23.49 (8.25) (n=81) 23.75 (7.82) (n=87) 24.66 (9.25) (n=85) 
   Symbol Coding 24.12 (11.90) (n=84) 21.85 (9.72) (n=74) 21.90 (9.70) (n=84) 24.28 (9.81) (n=82) 
  Tower of London 26.92 (17.43) (n=85) 25.36 (16.99) (n=78) 24.20 (16.21) (n=85) 27.48 (16.80) (n=81) 
Extrapyramidal Symptom Rating 
Scale Total (f) 

2.5 (6.00), n=90 3.7 (8.53), n=89 3.1 (7.79), n=91 3.7 (10.32), n=93 

Parkinsonism 1.14 (2.42), n=90 1.92 (4.61), n=89 1.58 (3.98), n=93 1.30 (3.25), n=91 
Dystonia .01 (.10), n=90 .00 (.00), n=89 .07 (.44), n=91 .06 (.38), n=93 
Dyskensia  .30 (1.43), n=90 .36 (1.52), n=89 .54 (2.19), n=91 .54 (2.25), n=93 
Akathisia     
Statistical significance: (a) f=.52, df=3, 359,  p=.67; (b) f=1.49, df=3, 359, p=.22; (c) f=.82, df=3, 359, p=.48; (d)   (e) f=0.83, df=3, 
315; p=.48; (f) f=.43, df=3,359, p=.73 
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eTable 3. Subject Completion/Discontinuation by Treatment Group and Reason  
                

 
 10 mg/daily 30 mg/daily Risperidone Placebo Total 
Completed the 6-week 
study1 

N % n % n % n % n % 

Yes 63 70.0 61 68.5 71 78.0 562 60.2 251 69.1 
No 27 30.0 28 31.5 20 22.0 37 39.8 112 30.9 
Vs. placebo 10.9%, p=0.06 10.5%, p=.07 18.9%, p=.003     
Reason for 
discontinuation 

          

Adverse event 2 2.2 4 4.5 8 8.8 4 4.3 18 5.0 
Lack of efficacy 14 15.6 10 11.2 4 4.4 18 19.4 46 12.7 

Uncooperativeness/non-
compliance 

3 3.3 4 4.5 0 0 3 3.2 10 2.8 

Withdrawal of consent 6 6.7 8 9.0 1 1.1 8 8.6 23 6.3 
Death 0 0 0 0 1 1.1 0 0 1 0.3 

Serious Adverse Event 1 1.1 0 0 1 1.1 3 3.2 5 1.4 
Lost to follow-up 1 1.1 1 1.1 5 5.5 1 1.1 8 2.2 

Other 0 0 1 1.1 0 0 0 0 1 0.3 
 

                                                 
1 Chi-Square=6.88, df=3, p=.076 
2 3 did not complete medication intake. 
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eTable 4. Incidence of Treatment-Emergent Adverse Events  
 BL1020 

10 mg 
(n=90) 

BL1020 
20-30 mg 

(n=89) 

Risperidone 
2-8 mg 
(n=89) 

Placebo 
(n=93) 

At least one AE  68 (75.6%)  72 (80.9%) 80 (87.9%) 64 (68.8%) 
At least one drug related AE 50 (55.6%) 65 (73.0%) 70 (76.9%) 47 (50.5%) 
At least one SAE 4 (4.4%) 0 (0.0%) 3 (3.3%) 6 (6.5%) 
At least one drug related SAE 0 (0.0%) 0 (0.0%) 1 (1.1%) 3 (3.2%) 
AE leading to discontinuation 3 (3.3%) 5 (5.6%) 10 (11.0%) 6 (6.5%) 
 
Incidence of Treatment-Emergent Adverse Events (>5% Incidence in Any Treatment Group) or 
clinically important event* 
Gastrointestinal disorders     
 Constipation 3 (3.3) 2 (2.2) 5 (5.5) 2 (2.2) 
General disorders      
 Pyrexia 5 (5.6) 9 (10.1) 8 (8.8) 7 (7.5) 
Laboratory Investigations     
 ALT abnormal 1 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 
 ALT increased 1 (2.2) 3 (3.4) 1 (1.1) 1 (1.1) 
 AST increased 3 (3.3) 3 (3.4) 0 (0.0) 0 (0.0) 
 Blood CPK increased 3 (3.3) 1 (1.1) 1 (1.1) 0 (0.0) 
 Blood pressure increased 3 (3.3) 1 (1.1) 2 (2.2) 2 (2.2) 
 ECG abnormal 2 (2.2) 0 (0.0) 4 (4.4) 0 (0.0) 
 ECG QT prolonged 2 (2.2) 0 (0.0) 4 (4.4) 0 (0.0) 
 Heart rate decreased 1 (1.1) 3 (3.4) 1 (1.1) 2 (2.2) 
 Heart rate increased 2 (2.2) 3(3.4) 9 (9.9) 11 (11.8) 
 Weight increased 5 (5.6) 2 (2.2) 3 (3.3) 2 (2.2) 
Nervous system disorders     
 Akathisia 1 (1.1) 16 (18.0) 14 (15.4) 1 (1.1) 
 Bradykinesia 4 (4.4) 10 (11.2) 13 (14.3) 2 (2.2) 
 Headache 9 (10.0) 9 (10.1) 10 (11) 9 (9.7) 
 Oromandibular dystonia 2 (2.2) 6 (6.7%) 2 (2.2) 1 (1.1) 
 Muscle rigidity 5 (5.6) 21 (23.6) 20 (22.0) 4 (4.3) 
 Parkinsonism 2 (2.2) 5 (5.6) 9 (9.9) 1 (1.1) 
 Tremor 9 (10.0) 29 (32.6) 19 (20.9) 10 (10.8) 
 Grand mall seizure    1 (1.1)  
 *ischemic stroke 1    

 Neuroleptic malignant 
syndrome 

   1 

 DDeath for suicide 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0) 

Psychiatric disorders     
 Agitation 16 (17.8) 17 (19.1) 21 (23.1) 25 (26.9) 
 Insomnia 29 (32.2) 18 (20.2) 23 (25.3) 22 (23.7) 
 Delirium 0 1 (1.1) 0 0 
 Restlessness 3 (3.3) 4 (4.5) 5 (5.5) 6 (6.5) 
 Schizophrenia 

worsening 

    

*Values are given as the number (percentage) of patients.
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eTable 5. Safety data as compared to placebo (means, 95% Confidence interval, p=) 
Safety  measures BL1020 10 mg (n=90) BL1020 30 mg (n=89) Risperidone (n=91) 
 Mean Confidence Interval  Mean Confidence Interval  Mean Confidence Interval  
Extrapyramidal Symptom 
Rating Scale (Maximum 
change from baseline) 

0.9 -2.1 3.9 p=.53 9.3 6.3 12.3 p<.001 9.2  6.3 12.2 p<0.001 

Parkinsonism  .43 .47 1.61 p=.68 6.11 4.06 8.15 p<.001 6.35 4.33 -8.37 p<.001 
Dystonia .005 .32 .31 p=.97 .36 .05 .68 p=.02 .23 .07 .32 p=.14 
Dyskinesia -.06 -.14 .26 p=.58 .12 -.08 .33 p=.23 .08 -.12 .28 p=.45 
Akathisia .01 -.29 .32 p=.94 .35 .04 .66 P=.02 .47 .16 .78 p=.003 

BMI change to day 35 0.21 -0.04 0.46 p=.10 0.20 -0.03 .43 p=.09 0.16 -0.09 0.41 p=.20 
Prolactin to end of study 7.10 -0.68 14.88 p=.07 11.80 1.87 21.73 p=.02 49.10 38.00 60.23 p<.001 
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eTable 6. Concomitant Medications classes and/or individual medications used in >5% of 
patients in any treatment group 
 

BL-1020 Risperidone Placebo Chemical Class/ Generic Name 
10 mg/day 30 mg/day 8 mg/day  

 n=90 n=89 n=91 n=93 
Subjects with at least one concomitant 
medication [n (%)] 

62 (68.9%) 67 (75.3%) 72 (79.1%) 68 (73.1%) 

Anilides- Paracetamol 6 (6.7%) 5 (5.6%) 8 (8.8%) 9 (9.7%) 
Benzodiazepine Derivatives 36 (40.0%) 40 (44.9%) 38 (41.8%) 41 (44.1%) 
 Lorazepam 33 (36.7%) 36 (40.4%) 36 (39.6%) 38 (40.9%) 
 Nitrazepam 4 (4.4%) 4 (4.5%) 2 (2.2%) 4 (4.3%) 
Benzodiazepine Related Drugs 35 (38.9%) 17 (19.1%) 26 (28.6%) 33 (35.5%) 
 Zolpidem 33 (36.7%) 16 (18.0%) 24 (26.4%) 33 (35.5%) 
Butyrophenone Derivatives- Haloperidol 5 (5.6%) 2 (2.2%) 2 (2.2%) 6 (6.5%) 
Diazepines, Oxazepines and Thiazepines 5 (5.6%) 9 (10.1%) 5 (5.5%) 9 (9.7%) 
 Olanzapine 4 (4.4%) 8 (9.0%) 5 (5.5%) 7 (7.5%) 
Hypnotics and Sedatives- Promethazine 2 (2.2%) 7 (7.9%) 4 (4.4%) 2 (2.2%) 
Osmotically Active Laxatives- Lacutlose 0 (0.0%) 1 (1.1%) 5 (5.5%) 1 (1.1%) 
Other Antipsychotics 7 (7.8%) 8 (9.0%) 5 (5.5%) 5 (5.4%) 
 Risperidone 6 (6.7%) 8 (9.0%) 5 (5.5%) 3 (3.2%) 
Phenothiazines Piperazine Structure- Trifluoperazine 2 (2.2%) 4 (4.5%) 3 (3.3%) 5 (5.4%) 
Priopionic Acid Derivatives 9 (10.0%) 9 (10.1%) 8 (8.8%) 6 (6.5%) 
 Galenic/Ibuprofen/Paracetamol 6 (6.7%) 7 (7.9%) 6 (6.6%) 5 (5.4%) 
Tertiary Amines-anticholinergics 14 (15.6%) 43 (48.3%) 37 (40.7%) 16 (17.2%) 
 Trihexyphenidyl 13 (14.4%) 40 (44.9%) 34 (37.4%) 14 (15.1%) 
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