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Abstract
Background  Drugs that inhibit phosphodiesterase 10A (PDE10A) activity have shown efficacy in animal models. However, 
clinical trials of PDE10A inhibitors in patients with schizophrenia have failed to provide clinically significant results up 
to this point. Our study investigated whether alofropodect (previously referred to as CPL’36 or CPL500036), a PDE10A 
inhibitor with an improved pharmacological profile compared with other PDE10A inhibitors, including a fast dissociation 
rate and high activity, could improve symptoms of acute schizophrenia.
Methods  In this phase 2, randomised, double-blind, placebo-controlled, parallel-group trial (11 centres, three countries), 
investigators randomly assigned hospitalised patients with acute schizophrenia to treatment or placebo groups. The main 
inclusion criteria were age 18–65 years, a documented diagnosis of schizophrenia for at least 2 years before screening 
and a positive and negative syndrome scale (PANSS) total score ≥ 80. Participants were randomly assigned (1:1:1) to receive 
oral alofropodect (20 mg or 40 mg) or placebo administered once daily in the morning for 4 weeks. The primary endpoint of 
the study was an improvement in the PANSS positive subscale at week 4. The secondary endpoints included improvements 
in PANSS total and negative subscale scores, along with other efficacy and safety assessments. Clinical responders were 
defined as those with a ≥ 30% reduction in PANSS total score from baseline at week 4.
Results  Between 24 May 2021 and 8 May 2024, investigators randomised 189 patients into three groups: 58 into the alo-
fropodect 20 mg group, 66 into the alofropodect 40 mg group and 65 into the placebo group. The mean age was 41.7 years 
(standard deviation (SD) 10.1), and 119 (63%) participants were men, 70 (37%) were women. All participants were White. 
We measured the difference in PANSS positive subscale before and after treatment, and the change met the primary endpoints 
at week 4 with the group where alofropodect 20 mg was compared with placebo (− 3.70 [90% CI − 5.51 to − 1.89]; p < 
0.001) and alofropodect 40 mg versus placebo (− 6.35 [90% CI − 8.12 to − 4.57]; p = 0.001). Both the 20-mg and 40-mg 
doses of alofropodect were effective in improving the total PANSS score compared with placebo and met most secondary 
efficacy endpoints. A clinical response was observed in 2 of 53 patients (3.8%) in the placebo group, 8 of 52 patients (15.4%) 
in the 20 mg group and 22 of 52 patients (42.3%) in the 40 mg group at week 4. The compound was well tolerated, with 
only a few serious adverse events. The discontinuation rates were similar in the placebo and treatment arms. Extrapyramidal 
symptoms (EPS) occurred only in the active treatment groups, but rates were low overall. Somnolence was also reported 
only in alofropodect groups. Vital signs and biochemical parameters remained unaffected by either dose at any time point. 
Specifically, blood glucose, total cholesterol and triglycerides did not increase at any dose compared with placebo within 
our study window.
Conclusions  Alofropodect was effective in the treatment of acute schizophrenia symptoms and was well-tolerated, warrant-
ing further investigation in larger clinical studies.
Clinical Trial Registration  Clinicaltrials.gov identifier: NCT05278156; registration date: 2022-02-09.
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Key Points 

Alofropodect is a novel, second-generation PDE10A 
inhibitor with an improved clinical outcome compared 
with others in its class.

In this phase 2, randomised, double-blind, placebo-
controlled trial, 189 hospitalised patients with acute 
schizophrenia were administered alofropodect (20 mg or 
40 mg) or placebo for 4 weeks.

Alofropodect significantly attenuated symptoms associ-
ated with schizophrenia and was well-tolerated, with no 
adverse biochemical changes, supporting further investi-
gation in larger studies.

1  Introduction

Schizophrenia has imperfect pharmacological management 
that includes problems related to insufficient efficacy and 
tolerability. Approximately 20–30% of patients show no 
response, while an additional 30% demonstrate only par-
tial response to treatment [1]. Moreover, first-generation 
antipsychotics, owing to their strong blockade of D2 recep-
tors, frequently cause adverse effects such as extrapyrami-
dal symptoms (e.g., catalepsy) and hyperprolactinemia [2]. 
Second-generation antipsychotics were developed largely in 
response to the need to reduce these side effects and although 
they are associated with a lower incidence of extrapyramidal 
symptoms, their use is often linked to the development of 
metabolic syndrome, including diabetes, obesity and dys-
lipidaemia [3]. For both classes of drugs, adverse effects 
on the cardiovascular system have been observed, including 
QT interval prolongation on electrocardiography, which may 
lead to life-threatening cardiac arrhythmias [4]. Selected 
antipsychotics may also cause leukopenia or agranulocyto-
sis. Drug resistance and adverse effects result in poor treat-
ment adherence in up to 50% of patients [5].

Furthermore, currently available therapies primarily tar-
get the positive symptoms of schizophrenia, with little or 
no effect on negative and cognitive symptoms, which are 
the main factors limiting patients’ ability to function inde-
pendently [6]. This strong unmet need drives research into 
novel drug targets.

Biochemical and behavioural data suggest that phos-
phodiesterase 10A (PDE10A) inhibition modulates cyclic 
adenosine monophosphate/protein kinase A (cAMP/PKA) 
signalling in the basal ganglia, suppressing D2 receptor 

activity and potentiating D1 receptor activity [7, 8]. Notably, 
PDE10A is an enzyme almost exclusively expressed in the 
striatum, making it a viable therapeutic target for schizo-
phrenia [9]. Although several preclinical experiments have 
validated PDE10A inhibition in multiple animal models 
of psychosis, including conditioned avoidance response, 
amphetamine-induced locomotion and phencyclidine-dis-
rupted pre-pulse inhibition [10], PDE10A inhibitors have 
shown mixed results in clinical trials thus far. Several com-
pounds, including PF-02545920 (mardepodect, MP-10) and 
Lu AF11167 failed to demonstrate efficacy in phase 2 trials 
for schizophrenia [11–12].

Out of the group of known PDE10A inhibitors, two have 
shown signals of antipsychotic activity. The first, TAK-063 
(balipodect), was tested at a single 20 mg dose in a 6-week 
placebo-controlled trial (N = 164), but did not meet its pri-
mary endpoint of improvement on the PANSS total score, 
and demonstrated significant improvement on the clinical 
global impression–improvement scale (p = 0.007, effect 
size 0.53) [13, 14]. The second, MK-8189 (elpipodect), a 
controlled-release PDE10A inhibitor achieving over 60% 
enzyme occupancy, showed a trend towards improvement in 
the PANSS total score and a nominally significant improve-
ment in the PANSS positive subscale in a proof-of-concept 
trial (N = 224). Assay sensitivity was confirmed by the ris-
peridone active comparator arm (p = 0.033 versus placebo) 
[15]. However, a phase 2b clinical study on MK-8189 did 
not replicate the positive results of the previous trial [16]. 
Together, these results suggest that PDE10A is a viable but 
pharmacologically demanding target: one where the magni-
tude and pattern of enzyme inhibition, the choice of dose and 
the quality of trial execution may all influence the likelihood 
of detecting a clinical signal.

Celon Pharma S.A. has developed alofropodect (pre-
viously known as CPL’36 and CPL500036) [17, 18], a 
second‑generation PDE10A inhibitor with an improved 
pharmacological profile. Its molecular features, together 
with pharmacokinetics supporting once‑daily dosing and a 
favourable safety profile in healthy volunteers, provided the 
rationale for the present phase 2 study.

This trial aimed to assess the efficacy, safety and toler-
ability of two fixed doses of alofropodect (20 mg and 40 mg 
once daily), compared with placebo, in adults experiencing 
an acute exacerbation of schizophrenia.

2 � Methods 

2.1 � Participants

Eligible patients were 18–65 years old, had a Diagnostic 
and Statistical Manual of Mental Disorders 5th Edition 
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(DSM-V) diagnosis of schizophrenia confirmed by the 
mini international neuropsychiatric interview (MINI) for 
schizophrenia and psychotic disorders studies, experi-
enced an acute exacerbation and scored ≥ 4 on the clinical 
global impression scale-severity of illness scale (CGI-S). 
We defined an acute exacerbation as the occurrence of a 
PANSS total score ≥ 80 during screening and on day − 1, 
and a score ≥ 5 (moderate-severe) in 3 or more of the fol-
lowing PANSS items at screening and day − 1: delusions 
(P1), conceptual disorganisation (P2), hallucinations (P3), 
suspiciousness (P6) and unusual thought content (G9).

All patients were hospitalised for the duration of the 
treatment period. All were required to be non-pregnant 
and to use a protocol-defined effective method of contra-
ception. Patients were excluded if they had a decrease in 
the PANSS total score by 20% or more at baseline (day 
− 1) compared with the screening or had treatment-resist-
ant schizophrenia (defined as a prior non-response to 
two courses of treatment with antipsychotics of different 
chemical classes for at least 4 weeks each). After obtain-
ing written informed consent from all patients, we initi-
ated any study-related procedures. The full inclusion and 
exclusion criteria are available in the study protocol [19].

2.2 � Study Design

Our study was a phase 2, randomised, double-blind, dose-
ranging, placebo-controlled, parallel-group study evalu-
ating the efficacy, safety and pharmacokinetics (PK) of 
alofropodect in patients with acute schizophrenia [19]. The 
study was conducted in accordance with the Declaration 
of Helsinki and the International Conference on Harmo-
nisation Good Clinical Practice guidelines. An institu-
tional review board and an independent ethics committee 
approved the protocol and the patients’ informed consent 
before study initiation.

After screening, eligible patients were randomly 
assigned 1:1:1 to receive 20 mg, 40 mg, or a placebo (Sup-
plementary Appendix 2). The study lasted approximately 8 
weeks: screening (≤ 10 days), treatment (4 weeks), follow-
up (2 weeks). We utilised a rolling admission process. If 
needed, patients underwent a medication washout period 
(≤ 7 days) in the clinical unit before randomisation. Dur-
ing in-house treatment (days 1–28), patients received 20 
mg, 40 mg, or a placebo.

Approximately 30% of participants (17 per treatment 
group) underwent extensive PK sampling during the treat-
ment period, while the remaining participants underwent 
sparse sampling. Alofropodect concentrations in plasma 
were measured using a liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) method with an isotope-
labelled internal standard.

On day 29, participants could resume standard-of-care 
antipsychotic treatment. The investigator(s) continued to 
monitor the participant for safety and clinical stability after 
the treatment period had ended. Patients were discharged 
from the clinical unit on the basis of the local standard-
of-care if they were in a stable condition with their regular 
psychiatric medication(s). After discharge from the clinical 
unit, participants were asked to return for two once-weekly 
follow-up visits, 7 ± 1 and 14 ± 1 days after the last dose. 
Participants who withdrew from the study, or were with-
drawn, could attend an early termination visit at the clinical 
unit and two safety follow-up visits, 7 ± 1 and 14 ± 1 days 
after the last dose.

2.3 � Outcomes

The primary endpoint was a change from baseline (CfB) in 
the PANSS positive subscale score at week 4. Secondary 
endpoints at weeks 1, 2 and 3 included a CfB in the PANSS 
positive subscale [20]. In weeks 1–4, they included CfB in 
the PANSS total score, PANSS negative subscales, PANSS 
subscales using the Marder 5-factor model (M5M), PANSS 
general psychopathology subscale, clinical global impres-
sion-severity (CGI-S) score and the clinical global impres-
sion-improvement scale (CGI-I) score. At weeks 2 and 4, 
they included a change in the brief assessment of cognition 
in schizophrenia (BACS) score. We measured participant 
responses as the ‘response rate’ on the PANSS total score, 
with a clinical responder defined as a decrease in symp-
toms of ≥ 30% from baseline. The CGI-I rating score for 
‘response rate’ was defined as the ratings ‘much improved’ 
or ‘very much improved.’

We used the extrapyramidal symptom rating scale (ESRS) 
to assess four types of drug-induced movement disorders 
(DIMD): parkinsonism, akathisia, dystonia and tardive dys-
kinesia. These disorders were evaluated at screening, base-
line, on day 1 during treatment, at weeks 1, 2, 3 and 4 and 
during follow-up (weeks 5 and 6).

Discontinuations from, incidence to and the severity of 
adverse events (AEs), serious AEs (SAEs) and treatment-
emergent adverse events (TEAEs) were examined and clas-
sified by system organ class and preferred term.

The pharmacokinetics of alofropodect in plasma were 
evaluated in extensive and sparse groups. The alofropodect 
concentration and PK parameters were summarised using 
descriptive statistics, stratified by sampling group (Supple-
mentary Appendix 3).

2.4 � Statistical Analysis

In this proof-of-concept study, the sample size was calculated 
to ensure sufficient power to rule out a clinically meaningful 
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effect size of 0.5 or greater for the primary endpoint. With 
50 participants per group, the study had 80% power to detect 
an effect size of 0.5 or greater for one of the two dose groups 
compared with placebo, given a two-sample t test and a two-
sided 10% significance level. The study initially assumed a 
10% dropout rate with a target of 165 participants reaching 
day 28.

The full analysis set (FAS) of participants was the primary 
analysis set used for all efficacy analyses, and the per pro-
tocol (PP) analysis set was used for supportive analyses of 
the primary and secondary efficacy endpoints [20]. Missing 
data were assumed to be missing at random. The safety analy-
sis set was used for all safety analyses, and participants were 
included in the treatment group on the basis of the treatment 
they received.

For the primary efficacy analysis, a CfB in the PANSS 
positive subscale score (up to week 4 of the treatment phase) 
was analysed using a mixed model for repeated measures 
(MMRM), accounting for treatment (20 mg, 40 mg), time 
point, the interaction between treatment and time point, clini-
cal site and the baseline score as a continuous covariate. We 
treated subjects as random effects, with an unstructured covari-
ance structure to account for correlations among repeated 
measurements. Our null hypothesis was that there would be 
no differences in the primary endpoint between the treatment 
group and placebo at week 4. Our alternative hypothesis was 
that at least one treatment group would exhibit a clinically 
significant effect compared with placebo. The alternative 
hypothesis was tested at a 10% two-sided significance level. 
There were no multiplicity adjustments for comparisons of 
each dose of alofropodect versus placebo at week 4. The con-
tinuous secondary endpoints were analysed using the same 
approach as described for the primary endpoint using MMRM 
(Supplementary Appendix 4).

The percentage of participants in each AEs category was 
compared between treatments using a difference-in-propor-
tions test, with 95% CIs based on the Agresti–Caffo method 
[21]. TEAEs were analysed on the basis of their relationship 
to the study medication, documented as ‘unlikely,’ ‘possible,’ 
‘probable’ or ‘definite,’ or as missing.

3 � Results

3.1 � Study Participants

Between 24 May 2021 and 8 May 2024, 207 patients across 
three countries (Poland, Hungary and Ukraine) and 11 clini-
cal sites were assessed for eligibility (Table 1, Fig. 1). Of 
these, 18 patients were excluded and 189 patients were ran-
domised, with 157 (76%) completing the treatment period of 
the study. Patients who finished within each group: placebo 
group, 53 of 65 (82%); 20 mg group, 52 of 58 (90%) and 40 

mg group, 52 of 66 (79%). Across treatment groups, baseline 
demographic and disease characteristics were generally well 
balanced (Table 1). All patients who completed the clini-
cal trial had previously received antipsychotic treatment. 
Therefore, statistical analysis of the clinical responses of 
pretreated versus non-treated patients was not performed.

3.2 � Efficacy (Primary Endpoint)

3.2.1 � PANSS Positive at Week 4

Both treatment doses showed statistically significant 
improvements in the primary endpoint (CfB PANSS posi-
tive at week 4). For the 20 mg dose, the least squares (LS) 
mean difference was − 3.70 (90% CI − 5.51 to − 1.89; 
nominal p < 0.001). For the 40 mg dose, the LS mean dif-
ference was − 6.35 (90% CI − 8.12 to − 4.57; nominal p < 
0.001) (Fig. 2). The corresponding absolute LS mean CfB 
in PANSS positive was − 4.90 (90% CI − 6.20 to − 3.60) 
for the 20 mg dose and − 7.55 (90% CI − 8.80 to − 6.29) 
for the 40 mg dose.

3.3 � Efficacy (Secondary Endpoints)

3.3.1 � PANSS Total, Positive, Negative

CfB PANSS total score at week 4 for both 20 mg and 40 
mg showed a statistically significant difference from pla-
cebo (Fig. 2, Supplementary Table 1). For 20 mg, the LS 
mean difference was − 9.68 (90% CI, − 14.03 to − 5.32; p 
< 0.001). For the 40 mg dose, the LS mean difference was 
− 16.40 (90% CI, − 20.69 to − 12.11; p < 0.001). A statisti-
cally significant improvement over placebo was observed in 
the CfB PANSS total score from week 1 onward and contin-
ued throughout the study.

CfB PANSS positive subscale at weeks 1, 2 and 3 showed 
statistically significant improvement versus placebo for both 
doses (Fig. 2).

The CfB PANSS negative subscale scores improved sig-
nificantly versus placebo at weeks 2 and 3 in both doses 
and at week 4 in the 40 mg dose, achieving a LS mean dif-
ference from placebo of − 2.56 (90% CI − 3.51 to − 1.62; 
p < 0.001). The 20 mg dose marginally missed statistical 
significance at week 4 (p = 0.083) (Fig. 2).

Scores for CfB PANSS general psychopathology 
showed statistically significant improvement from placebo 
at all time points in the 20 mg dose and, starting from 
week 2, in the 40 mg dose. At the end of week 4, the LS 
mean difference in the 20 mg dose was − 4.56 (90% CI 
− 6.88 to − 2.25; p = 0.001). For the 40 mg dose, the LS 
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mean difference was − 7.59 (90% CI − 9.87 to − 5.31; p 
< 0.001).

Clinical response (≥ 30% reduction in CfB PANSS total 
score from baseline) at week 4 was demonstrated in 2 of 53 
participants (3.8%) in the placebo group, 8 of 52 partici-
pants (15.4%) in the 20 mg dose and 22 of 52 participants 
(42.3%) in the 40 mg dose.

3.3.2 � Marder 5‑Factor Model (M5M), CGI‑S, CGI‑I, BACS

The M5M assessment showed a response pattern similar to 
the PANSS scores, with the 40 mg dose showing slightly 
greater efficacy than the 20 mg dose. The CfB in the CGI-S 
score improved significantly in both doses from week 1 
through the end of the study. The clinical response, as meas-
ured by CGI-I ratings, was significantly improved at both 
doses from week 2 through the end of the study. At week 4, 

3 of 53 participants (5.7%) in the placebo group, 13 of 52 
participants (25.0%) in the 20 mg group and 28 of 52 par-
ticipants (53.8%) in the 40 mg group qualified as responders. 
The CfB in the brief assessment of cognition in schizophre-
nia (BACS) showed a numerical improvement over placebo, 
although the difference from placebo did not reach statistical 
significance at week 4 (Supplementary Appendix 5, Sup-
plementary Table 1).

3.4 � Safety (Secondary Endpoints)

3.4.1 � Adverse Events

The overall incidence of AEs was higher in both treatment 
groups compared with placebo (Table 2, Supplementary 
Table 2). The rate of SAEs was low across all groups, with 
only 2.7% of participants reporting them. Worsening of 

207 participants 
assessed for eligibility

189 participants 
randomly assigned

58 participants assigned to
alofropodect (CPL’36) 20 mg

52 completed double-
blind treatment period

56 completed 
follow-up period*

18 participants 
excluded from analysis

66 participants assigned to
alofropodect (CPL’36 40 mg)

52 completed double-
blind treatment period

58 completed 
follow-up period*

1 participant lost
to follow-up

1 participant
discontinued due to

other reasons

65 participants assigned to 
placebo

53 completed double-
blind treatment period

60 completed 
follow-up period*

12 participants discontinued 
treatment:

3 due to AE (exacerbation of
schizophrenia, exacerbation of
schizophrenia symptoms, anxiety)
4 due to disease progression
5 due to investigator decision
6 due to participant withdrawal

6 participants discontinued treatment:
2 due to AE (exacerbation of
schizophrenia symptoms, muscle
stiffness and somnolence)
1 due to disease progression
1 due to investigator decision
3 due to withdrawal (1 before
receiving the first dose)

14 participants discontinued 
treatment:

2 due to SAE (status epilepticus,
extracerbation of schizophrenia)
5 due to AE (3 exacerbation of
schizophrenia symptoms,
excessive sedation, restless legs)
2 due to investigator decision
8 due to participant withdrawal
1 due to other reason (before
receiving the first dose)

2 participants 
discontinued during the

follow-up period:
1 due to withdrawal and 

lost to follow-up

Fig. 1   Trial profile flow diagram showing 207 participants assessed 
for eligibility, with 189 randomised to placebo or alofropodect doses 
and follow-up completion rates. Investigators could have provided 
more than one reason for discontinuation. ‘Due to investigator deci-

sion’ means that in the investigator’s opinion, continued participation 
in the study was clearly disadvantageous for the patient. *Including 
early-terminated patients who attended follow-up visits (day 35 and 
day 42). AE adverse event, SAE serious adverse event
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schizophrenia as an SAE was reported in one participant in 
both active groups. Possibly related to the study drug, status 
epilepticus occurred in one participant in the 40 mg group, 
which resolved.

TEAEs were reported in 47.1% of participants overall, 
with the highest incidence observed in the 40 mg group. 
The incidence of severe TEAEs was relatively low in all 
groups. Only one participant in the overall study population 
experienced a dose interruption owing to TEAE, and no par-
ticipants required a dose reduction. However, 12 participants 
(6.4%) in the overall study population discontinued the study 
medication owing to TEAEs. No deaths were reported.

Most AEs were mild-to-moderate. TEAEs that were more 
frequent in the active treatment arms included nervous system 
disorders (as expected owing to alofropodect’s physiological tar-
get): 3.1% in the placebo group, 26.3% in the 20 mg group and 
24.6% in the 40 mg group. One case of psychomotor hyperactiv-
ity, two cases of tremor and two cases of akathisia were reported 
in the 20 mg dose. By contrast, participants in the 40 mg group 
reported one case of tremor, two cases of dystonia, two cases of 
psychomotor hyperactivity and three extrapyramidal disorders. 
All EPS cases were mild-to-moderate in intensity. The majority 
of cases of somnolence occurred within the first days of treat-
ment and disappeared. Somnolence was mild-to-moderate in 
intensity except for two cases in the 20 mg group.

3.4.2 � Vital Signs, Electrocardiograms, Clinical Laboratory 
Evaluations, Physical Examinations

No changes in vital signs, including blood pressure, were 
recorded at any dose or time point. ECG readings were nor-
mal throughout the study. Metabolic parameters, includ-
ing blood glucose, cholesterol and triglycerides, were not 
increased at any dose compared with placebo (Supplemen-
tary Fig. 1). Hepatic enzyme levels remained stable through-
out the treatment for all doses and they did not differ sig-
nificantly from those in the placebo group (Supplementary 
Fig. 1). The majority of participants across all groups had no 
abnormal findings in the physical, neurological, ophthalmo-
logical or dermatological examinations that would affect the 
validity of the study’s outcomes.

3.5 � Pharmacokinetics (Secondary Endpoints)

Expected dose-dependent trends were observed through drug 
exposure - i.e. maximum concentration (Cmax), area under the 
curve (AUC) - but a less-than-dose-proportional increase in 
exposure may be expected in future studies (Supplementary 
Fig. 2, Supplementary Table 3). The median time to Cmax 
(tmax) across all doses and days combined was 1.5–3.0 h (range, 
0.5–8 h, except for one result at 23.5 h). No dose- or relevant 
time-dependent trends were observed for tmax. Mean half-life 

Table 1   Demographic and clinical baseline characteristics of participants

BACS brief assessment of cognition in schizophrenia, BMI body mass index, CGI-S clinical global impression-severity scale, N number of 
patients, PANSS positive and negative syndrome scale, SD standard deviation

Characteristic Placebo 
(N = 65)

Alofropodect 20 mg 
(N = 58)

Alofropodect 40 mg
 (N = 66)

N (%) N (%) N (%)

Sex
Male 46 (71%) 32 (55%) 41 (62%)
Female 19 (29%) 26 (45%) 25 (38%)
Race
White 65 (100%) 58 (100%) 66 (100%)

Mean (SD) Mean (SD) Mean (SD)

Age (years) 41 (11) 41 (10) 42 (10)
Weight (kg) 77.3 (14.0) 76.0 (17.8) 80.4 (20.7)
BMI (kg/m2) 25.8 (4.4) 25.9 (6.0) 26.9 (6.2)
Duration of disease (years) 14 (9) 14 (9) 15 (10)
Duration of current exacerbation (days) 34 (19) 32 (18) 33 (19)
PANSS positive score 28 (3.2) 28 (3.9) 29 (3.6)
PANSS total score 103 (10.8) 106 (10.0) 107 (11.4)
PANSS negative score 26 (4.3) 27 (4.2) 27 (4.1)
CGI-S score 5 (0.5) 5 (0.5) 5 (0.5)
BACS T-score 28 (14.5) 24 (11.8) 29 (10.2)
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(t1/2) ranged from 4.2 to 14.1 h, although sampling may not 
have been long enough to characterise t1/2 properly. Steady-
state was reached by day 5 at the latest. Comparable concentra-
tions of alofropodect were observed on days 7 and 28 for the 
pre-dose and the 2-h samples. The mean accumulation ratio 
of alofropodect after once-daily dosing was 1.8 to 3.4, and 
for a considerable group of participants, no accumulation was 
observed.

4 � Discussion

The results of our study indicate that alofropodect, at the fixed 
doses of 20 and 40 mg, is an effective and well-tolerated treat-
ment for patients experiencing an acute exacerbation of chronic 
schizophrenia. Both doses produced significant improvement 
on the PANSS positive subscale score (primary outcome). 
Significant improvements were also observed across multiple 

secondary endpoints, including PANSS total, PANSS negative, 
PANSS general psychopathology and M5M subscales. The 
effect size of improvement was moderate for the 20 mg dose 
and large for the 40 mg dose.

Although the trial was not specifically powered to elu-
cidate this, the 40 mg dose consistently showed greater 
efficacy than the 20 mg dose, possibly indicating a 
dose–response pattern. The onset of significant improve-
ment on the PANSS scale typically occurred within the first 
or second week. A nominal improvement was detected in 
the treatment groups compared with placebo in neurocog-
nitive measures assessed by the BACS. We presume that 
the study’s timeframe was too short to observe significant 
improvements in cognition.

Our results contrast with the phase 2 results of other PDE10A 
inhibitors. Only TAK-063 and MK-8189 have shown partial effi-
cacy, either in secondary endpoints or one of the randomised 
phase 2 studies of acute schizophrenia. These failures have 

Fig. 2   CfB in PANSS scores up to week 4 (day 28) for placebo and 
alofropodect treatment groups in FAS population a CfB in mean 
PANSS positive score; b CfB in mean PANSS total score; c CfB 
in mean PANSS negative score; *nominal p < 0.05; **nominal p 

< 0.01, ***nominal p < 0.001. CfB change from baseline, FAS full 
analysis Set, LS mean least-squares mean, PANSS positive and nega-
tive syndrome scale, SEM standard error of the mean
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concerned the research community regarding the value of 
PDE10A as a therapeutic target in schizophrenia, even though 
strong preclinical results had previously been presented. Preclin-
ical experiments suggested that 20–40% of PDE10A occupancy 
should be sufficient to exert an antipsychotic effect. That level of 
inhibition was targeted by other PDE10A inhibitors in clinical 
development programs [22].

Given our dose-dependent plasma exposure and safety 
profile up to 100 mg daily (Phase 1 study), we tested the 
efficacy of alofropodect at 20 and 40 mg. We targeted a 
higher enzyme occupancy to ensure a sustained target inhi-
bition and provide a robust antipsychotic effect, as reported 
for MK-8189 [15] and simulated for alofropodect using the 
PBPK model (Supplementary Appendix 6).

Another contributing factor to the successful phase 2 trial 
of alofropodect compared with other PDE10A inhibitors may 
lie in its molecular properties. What is known so far is that 
PDE10A inhibition modulates the activity of both direct and 
indirect corticostriatal circuits. It is thought that the opposite 
action of these pathways belies the importance of an appro-
priate balance between action in these circuits as a provider 
of antipsychotic action [23]. Alofropodect exhibits a unique 

pharmacodynamic profile, with dose-dependent catalepsy in 
preclinical studies, unlike other PDE10A inhibitors [18]. This 
observation suggests a shift in the activation balance towards 
the indirect pathway, potentially indicating an extended and 
more pronounced therapeutic efficacy window.

Alofropodect was well-tolerated in the studied popula-
tion, with only a few SAEs. Status epilepticus occurred in 
one participant in the 40 mg group. Since seizure frequency 
is increased in patients with schizophrenia, this case could 
be disease- rather than drug-induced, but the possibility 
cannot be excluded that alofropodect may lower the seizure 
threshold. Seizure risk induction by antipsychotics is well 
known and attributable to 0.5–3% of patients treated with 
clozapine, risperidone or olanzapine [24, 25].

We observed a relatively low placebo response in our 
study, with the largest change from baseline at week 4 (LS 
mean change − 1.4 for PANSS total). This effect contrasts 
with most published studies, where a placebo response is 
typically observed around 10, albeit with high variability. 
Most of the factors identified as associated with a lower pla-
cebo response rate, both in patients’ characteristics and in 
trial design, were implemented in this study. These factors 

Table 2   Summary of participants with at least one adverse event by randomised treatment of alofropodect or placebo (safety set)

AE adverse event, EPS extrapyramidal symptoms (includes akathisia, extrapyramidal disorder, dystonia, tremor and psychomotor hyperactivity), 
N number of patients, SAE serious adverse event, SD standard deviation, TEAE treatment emergent adverse event, TESAE treatment emergent 
serious adverse event
a Including pre-treatment SAEs
b Any AE with a relationship to study treatment determined by the investigator as ‘unlikely,’ ‘possible,’ ‘probable,’ ‘definite’ or missing is consid-
ered related for purposes of analysis

Category Placebo 
(N = 65)

Alofropodect 20 mg 
(N = 57)

Alofropodect 40 mg 
(N = 65)

N (%) N (%) N (%)

Adverse event (AE) 25 (38.5%) 31 (54.4%) 40 (61.5%)
Pre-treatment AE 10 (15.4%) 4 (7.0%) 10 (15.4%)
Serious AE (SAE)a 1 (1.5%) 1 (1.8%) 3 (4.6%)
Treatment-emergent AE (TEAE) 22 (33.8%) 29 (50.9%) 37 (56.9%)
Treatment-emergent SAE (TESAE) 1 (1.5%) 1 (1.8%) 2 (3.1%)
Severe TEAE 2 (3.1%) 5 (8.8%) 3 (4.6%)
Related TEAEb 9 (13.8%) 17 (29.8%) 20 (30.8%)
Related severe TEAE 1 (1.5%) 4 (7.0%) 2 (3.1%)
TEAEs leading to interruption of the drug 0 (0.0%) 1 (1.8%) 0 (0.0%)
TEAE leading to permanent discontinuation of study 

medication
3 (4.6%) 2 (3.5%) 7 (10.8%)

Related TEAEs leading to permanent discontinuation of 
study medication

2 (3.1%) 1 (1.8%) 5 (7.7%)

AEs that occurred in at least 5% of participants receiving alofropodect, and with a higher incidence compared with placebo
 Anxiety 6 (9.2%) 6 (10.5%) 9 (13.8%)
 Worsening of Schizophrenia 2 (3.1%) 4 (7.0%) 7 (10.8%)
 Somnolence 0 (0.0%) 9 (15.8%) 8 (12.3%)
 Blood creatine phosphokinase increased 1 (1.5%) 3 (5.3%) 1 (1.5%)
 EPS 0 (0.0%) 4 (7.0%) 8 (12.3%)
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include: relatively low sample size, a higher percentage of 
participants randomised to the placebo group, a small num-
ber of sites (MK-8189 used 31 centres in the phase 2a trial, 
nearly triple alofropodect’s 11) and older patients with a 
long disease history [26–30].

Clinical centres and investigators specialising in the treat-
ment of psychotic disorders were selected, and all raters 
were trained centrally by an external vendor to maximise 
standardisation of the patient assessment. All these factors 
may contribute to a lower placebo response rate in our study.

Another significant impact in our study could have come 
from the severity of the disease (PANSS score approximately 
105), which was higher than the typical range of 85–95 in 
other studies. This more severe disease at baseline could 
limit the number of patients, which is inflated at the time of 
study enrolment. Such inflation of the baseline score to meet 
patient eligibility requirements, typically set at a PANSS 
total score of more than 80, is a well-described factor asso-
ciated with a high placebo response rate [31]. Hence, the 
combination of the severity of the patients’ disease and the 
large effect size of alofropodect observed in both active arms 
was probably the main driver of the small placebo effect in 
our study [30, 32]. The rational study design, described in 
the not-overcomplicated study protocol, coupled with well-
monitored adherence and therapeutic environments, was also 
crucial in minimising placebo response [33].

Analysis of placebo response by country did not show 
significant differences in any PANSS subscale at week 4 
(e.g., PANSS total LS mean change − 1.9 for Polish sites 
and − 1.1 for Ukrainian sites), thus, excluding the assump-
tion that the stress factor, which is undoubtedly the war con-
flict in Ukraine, could have had a significant impact on the 
strength of the patients’ clinical response.

Discontinuation rates were similar between placebo and 
the treatment arms, although the 40 mg group had a higher 
discontinuation rate owing to AEs. The intensity of EPS 
was mild-to-moderate and without a specific pattern. The 
akathisia was low, with a presentation in two participants in 
the 20 mg group. There were three discontinuations of treat-
ment owing to EPS in the 40 mg group. Thus, EPS were not 
a major concern in the study, but should be cautiously evalu-
ated in the further clinical development program. Somno-
lence occurred at a similar frequency in both active groups. 
The majority of somnolence presented early (within the first 
few days) after alofropodect administration and diminished.

Our results suggest that administration of alofropodect 
over 28 days does not lead to metabolic or hormonal side 
effects. We observed no increase in lipid or glucose levels, 
suggesting a mild or neutral metabolic and hormonal profile. 
We did not specifically test weight change; however, weight 
reduction was observed in previous animal experiments 
(manuscript in preparation). Weight reduction was observed 

clinically with another PDE10A inhibitor, MK-8189, in a 
randomised phase 2 studies [15, 16].

Study design and blood sampling schedule enabled a gen-
eral overview of alofropodect pharmacokinetics in patients 
with schizophrenia. PK parameters were generally compara-
ble to those observed in healthy volunteers and support once-
daily dosing of alofropodect. Accumulation and time to reach 
steady-state were similar to those observed in healthy volun-
teers during Phase 1 study. (data on file; Celon Pharma S.A.)

The study was conducted exclusively at clinical sites in 
Poland, Hungary and Ukraine, which may limit the gener-
alisability. These countries have limited access to advanced 
medical treatments, particularly in Ukraine, owing to the 
ongoing military conflict. Only hospitalised patients with 
moderate-to-severe disease were included, which may limit 
the generalisability of the results to less ill and more stable 
patients. The 4-week administration period may not be suf-
ficient to capture the complete safety profile of the molecule. 
Some PK parameters were calculated only for the extensive-
sampling group, and the number of observations per dose 
level was limited.

5 � Conclusions

To our knowledge, we present the first evidence of the 
successful completion of a phase 2 trial with a PDE10A 
inhibitor in patients with schizophrenia. Alofropodect at 
fixed doses of 20 mg and 40 mg shows clinically signifi-
cant improvement in the primary endpoint (PANSS posi-
tive score) and most secondary endpoints. The study con-
firmed alofropodect’s favourable safety profile, as observed 
in healthy subjects, and showed no metabolic or hormonal 
side effects after 28 days of treatment.

PK parameters were comparable to those observed in 
healthy volunteers. The study results provide a strong foun-
dation for confirmatory phase 3 trials. Keeping in mind the 
limited number of study participants, alofropodect appeared 
to effectively target the PDE10A pathway, showing prom-
ising therapeutic potential for schizophrenia and possibly 
other psychiatric and neurological disorders.
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tary material available at https://​doi.​org/​10.​1007/​s40263-​026-​01317-5.
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