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Abstract
Background Cognitive impairment is a core feature of schizophrenia. While first- and second-generation antipsychotic 
drugs treat psychotic exacerbations, no treatment is approved for the cognitive dysfunction. We have identified ASP4345, 
a positive allosteric modulator of the dopamine type 1  (D1) receptor that selectively binds to, and enhances the activity of, 
 D1 receptors. ASP4345 has the potential to be an effective and well-tolerated treatment option for cognitive impairment 
associated with schizophrenia.
Objective The objective of this study was to determine the pharmacokinetics of ASP4345 in two phase I single ascending-
dose and multiple ascending-dose studies.
Methods Both phase I studies were randomized, double blind, and placebo controlled. The single dose-ascending study 
assessed pharmacokinetics of single oral doses of 3–900 mg of ASP4345 or placebo in the fasted state in healthy adult 
volunteers. This study also assessed cerebrospinal fluid pharmacokinetics, as well as the effects of food on pharmacokinetic 
parameters. The multiple ascending-dose study (NCT02720263) assessed the pharmacokinetics of multiple oral doses of 
3–150 mg of ASP4345 in patients with schizophrenia or schizoaffective disorder receiving stable antipsychotic drug treat-
ment. The pharmacokinetic data from both studies were summarized using descriptive statistics.
Results The plasma concentration–time profile in both studies showed a rapid increase in concentrations of ASP4345. The 
median time to maximum concentration range was 1.00–2.26 h in the single ascending-dose study in the fasted state and 
1.25–3.02 h in the multiple ascending-dose study at steady state. There were less than dose-proportional increases in maxi-
mum concentration and area under the curve in the single ascending-dose study, where doses had a range from 3 to 900 mg, 
and in the multiple ascending-dose study in patients with stabilized schizophrenia or schizoaffective disorder, where doses 
had a range from 3 to 150 mg. The mean terminal elimination half-life was dose independent and had a range from 9.12 
to 14.3 h in the single ascending-dose study and from 11.1 to 26.8 h in the multiple ascending-dose study. Additionally, in 
the single ascending-dose study, absorption of 300 mg of ASP4345 was slightly delayed when administered in the fed state 
compared with the fasted state; median time to maximum concentration was 1.5 h under the fasting state and 4.0 h under fed 
states. All other pharmacokinetic parameters were comparable for both conditions. ASP4345 appeared in the cerebrospinal 
fluid with some delay; time to maximum concentration range was from 2.48 to 7.98 h in cerebrospinal fluid compared with 
0.75 to 1.03 h in plasma (median cerebrospinal fluid/plasma = 0.188). The ratio of cerebrospinal fluid to total plasma for area 
under the curve from 0 to 24 h (0.157–0.573%) and maximum concentration (0.0899–0.311%) and the ratio of cerebrospinal 
fluid to unbound plasma for maximum concentration (25.0–86.4%) confirm the distribution of ASP4345 into the brain.
Conclusions The pharmacokinetics of ASP4345 suggest that single daily dosing is appropriate for ASP4345. Furthermore, 
the concentration of ASP4345 in cerebrospinal fluid compared to free drug concentrations in plasma provides evidence of 
penetration of ASP4345 into the brain.
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Key Points 

Cognition is often impaired in patients with schizophre-
nia but drugs currently used to treat schizophrenia do not 
improve cognition. We report two studies, one performed 
in healthy adults and the other in adults with schizophre-
nia, that determined a safe dose for further clinical study 
of a new oral drug, ASP4345.

ASP4345 was found in blood circulation and in the cer-
ebrospinal fluid, an important characteristic for an oral 
drug to be investigated in cognition and schizophrenia. 
We found that ASP4345 taken once-daily is appropriate 
for future clinical trials in patients to determine its effect 
on cognitive impairment associated with schizophrenia.

1 Introduction

The first large-scale meta-analysis linking cognitive impair-
ment and schizophrenia was published in 1998, based on 
results from 204 schizophrenia trials conducted between 
1980 and 1997 [1]. Cognitive impairment associated with 
schizophrenia (CIAS) includes significant deficits across 
several cognitive performance domains including visual and 
auditory attention, verbal learning, episodic memory, execu-
tive function, and speed of processing [2, 3]. Studies have 
also confirmed that CIAS exists in patients who are drug 
naïve as well as in those taking antipsychotic medications 
[3]. A number of approaches enhance learning or memory 
in animal models; nonetheless, to date, no pharmacotherapy 
has demonstrated consistent and clinically meaningful effi-
cacy in improving CIAS in clinical trials [4].

Dopamine neurotransmission plays a central role in the 
pathology of schizophrenia [5]. Blockade of dopamine type 
2 receptors in the ventral tegmental area and the striatum 
appears most responsible for ameliorating or preventing 
psychotic exacerbation. In contrast, optimal dopamine lev-
els, particularly via the stimulation of the dopamine type 
1  (D1) receptors in the dorsolateral prefrontal cortex, are 
required for adequate cognitive functioning [6, 7]. The 
Measurement and Treatment Research to Improve Cogni-
tion in Schizophrenia (MATRICS) program, which aimed 
to investigate a range of putative molecular targets for treat-
ing cognition, concluded that the  D1 receptor is a prom-
ising target for improving cognition [8]. However, clinical 
development of  D1 agonists has been associated with poor 
bioavailability [9] and safety concerns, particularly seizures 
[10] and orthostatic hypotension [11]. Because of the close 
structural and pharmacological similarities between many of 

the dopamine receptor families, therapies developed to target 
them are typically non-specific. More recently, two positive 
allosteric modulators of the  D1 receptor that bind to sites on 
the receptor that are distinct from the orthosteric binding site 
have been identified [12]. By binding to the less conserved 
regions of the receptor and allosterically enhancing func-
tional effects of endogenous dopamine, positive allosteric 
modulators minimize undesired activation of the  D1 recep-
tor in a non-physiological manner and provide reduced or 
no receptor desensitization compared with orthosteric  D1 
receptor agonists. Therefore, allosteric modulators may rep-
resent a treatment for disorders that otherwise are without 
treatment options. This approach may be akin to a subtle 
“dimmer switch” compared with agonist or antagonist activ-
ity that causes complete activation (regardless of ambient 
dopaminergic tone) or inhibition [13].

ASP4345, a novel small-molecule positive allosteric 
modulator, selectively binds to, and enhances the activity 
of,  D1 receptors stimulated by endogenous dopamine. It may, 
therefore, represent a potential treatment option for CIAS. 
ASP4345 was recently assessed in two phase I studies: a 
single ascending-dose trial and a multiple ascending-dose 
trial. The objective of the single dose trial was to determine 
the safety, tolerability, and pharmacokinetics of ASP4345 in 
healthy male and female volunteers. The primary endpoints 
of the multiple-ascending dose trial were to determine the 
safety and tolerability of ASP435, and to evaluate the phar-
macokinetics of multiple ascending oral doses of ASP4345 
in patients with schizophrenia. The exploratory endpoint was 
to assess the effects of ASP4345 on cognitive function and 
neurophysiological biomarkers in patients with stabilized 
schizophrenia or schizoaffective disorder (reported else-
where). Presented here are the pharmacokinetic data from 
these two phase I studies.

2  Methods

2.1  Overview and Design

The two studies were randomized, double-blind, placebo-
controlled phase I trials. The single ascending-dose study 
included two parts. In Part 1, the safety, tolerability, and 
pharmacokinetics of ASP4345 were assessed in healthy vol-
unteers under fasted conditions, and the effect of food on the 
pharmacokinetics of ASP4345 was evaluated. Healthy vol-
unteers were assigned to receive ASP4345 or placebo using 
a 3:1 randomization schedule (six cohorts of eight subjects 
each, with six subjects in each cohort receiving ASP4345 
and two subjects receiving matching placebo under fasted 
conditions). Part 2 of this study aimed to evaluate the plasma 
and cerebrospinal fluid (CSF) pharmacokinetics of single 
oral doses of ASP4345 in healthy volunteers, and utilized 
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a 4:1 randomization schedule. The multiple-dose study 
(NCT02720263) enrolled patients in up to four dose cohorts 
using a 3:1 randomization schedule. The study protocols and 
the ethical, scientific, and medical appropriateness of the 
study were reviewed by the institutional review board prior 
to study initiation, and all healthy volunteers and patients 
provided written informed consent. Studies were conducted 
in accordance with ethical principles based on the Declara-
tion of Helsinki, Good Clinical Practice, International Coun-
cil for Harmonization guidelines, and applicable laws and 
regulations.

2.2  Healthy Volunteers and Patients

The single ascending-dose study included healthy men and 
women between 18 and 55 years of age, with a body mass 
index between 18.5 and 30 kg/m2. Additionally, the healthy 
volunteers enrolled in Part 1 of the study were required 
to consume a standardized high-fat meal (approximately 
800–1000 cal: 50–60% from fat, 15% from protein, 25% 
from carbohydrates); these conditions were expected to 
impact gastrointestinal physiology such that systemic drug 
availability is maximally affected.

The multiple ascending-dose study included men and 
women between 18 and 60 years of age with a body mass 
index between 18.5 and 40 kg/m2 and a confirmed diag-
nosis of schizophrenia or schizoaffective disorder based on 
the Diagnostic and Statistical Manual of Mental Disorders, 
5th edition criteria. All patients in the multiple ascending-
dose study were required to be receiving stable doses of 
risperidone, quetiapine, olanzapine, ziprasidone, brexpipra-
zole, aripiprazole, paliperidone, or lurasidone for at least 
2 months for oral formulations, or at least 3 months for 
depot formulations, prior to screening. It was expected that 
an additional month for depot formulations would increase 
the chance that stable peak-to-trough antipsychotic concen-
trations would be observed.

For both the single ascending-dose and multiple ascend-
ing-dose studies, men and women of childbearing potential 
were required to use at least two forms of highly effective 
birth control starting at screening, continuing throughout the 
study period, and for 90 days after study drug administra-
tion. Women who were pregnant within 6 months prior to 
the screening assessment or breastfeeding within 3 months 
prior to screening were not eligible for inclusion in either 
study. Participants were excluded from both studies if they 
had any known or suspected hypersensitivity to ASP4345, 
a history of suicide attempt or suicidal behavior, or suicidal 
ideation within the last 3 months; liver chemistry tests above 
the upper limit of normal (aspartate aminotransferase, ala-
nine aminotransferase, alkaline phosphatase, gamma gluta-
myl transferase, total bilirubin); clinically significant history 
of allergic conditions; history or evidence of any clinically 

significant cardiovascular, gastrointestinal, endocrinologic, 
hematologic, hepatic, immunologic, metabolic, urologic, 
pulmonary, neurologic, dermatologic, psychiatric, renal, 
and/or other major disease or malignancy (as judged by the 
investigator); mean pulse, mean systolic blood pressure or 
mean diastolic blood pressure, and mean corrected QT inter-
val using Fridericia’s formula above the prespecified range; 
and/or a history of smoking cigarettes (or equivalent amount 
of tobacco) or alcohol consumption above the prespecified 
limit. In addition, patients’ previous medications could not 
include mild, moderate, or strong inhibitors or inducers of 
cytochrome P450 (CYP) 3A4 or CYP2C19; these exclu-
sion criteria were based on data (on file) that suggest that 
CYP3A4 and CYP2C19 are CYP enzymes that are involved 
in the metabolism of ASP4345.

2.3  Treatments and Study Design

In the single ascending-dose study, all eligible healthy vol-
unteers received ASP4345 or matching placebo as a single 
oral dose following randomization. In Part 1, single oral 
doses of 3, 10, 30, 100, 300, or 900 mg of ASP4345 or pla-
cebo were administered to six separate cohorts under fasted 
conditions. In addition, Part 1 included a seventh open-label 
cohort, wherein participants received a single 300-mg oral 
dose of ASP4345 within 30 min after starting and 5 min 
after completion of a high-fat breakfast per the recommen-
dations from the US Food and Drug Administration (Guid-
ance for Industry for Food Effect Bioavailability Studies and 
Fed Bioequivalence Studies, December 2002) to evaluate 
the effect of food on the pharmacokinetics of ASP4345. In 
Part 2, all participants were included in a single cohort and 
received 300 mg of ASP4345 or matching placebo admin-
istered under fasted conditions.

In the multiple ascending-dose study, ASP4345 or pla-
cebo was administered orally as a single daily dose for 
14 days. The dose was administered under fasted condi-
tions on days 1, 7, and 14 and under fed conditions on days 
2, 3, 4, 5, 6, 8, and 13. The four cohorts initially received 
ASP4345 (3 mg, followed successively by 15 mg, 50 mg, 
and 150 mg) or placebo. The subsequent dose concentrations 
were decided by the sponsor and investigator/delegate based 
on the nature, frequency, and severity of the safety profile. 
Based on a food-effect analysis, it was shown that food had 
no effect on the pharmacokinetics of ASP4345. Neverthe-
less, to minimize any eventual impact that food might have 
on proof of pharmacology measures, cognitive testing, 
and electrophysiological measures (auditory steady-state 
response, mismatch negativity), doses were administered 
under fasted conditions on days 1, 7, and 14.

The ASP4345 capsules were supplied in doses of 0.5, 
5, and 50 mg. The capsules were made of a hard gelatin 
with a yellow cap and Swedish orange body containing 
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ASP4345-HCl, anhydrous silicic acid, and low-substituted 
hydroxypropyl cellulose. Placebo capsules had the same 
appearance and storage conditions as the ASP4345 capsules. 
Placebo capsules were made of a hard gelatin with a yellow 
cap and Swedish orange body containing low-substituted 
hydroxypropyl cellulose.

2.4  Study Outcomes

To assess the pharmacokinetic profile of ASP4345 and its 
metabolites, plasma and urine samples were collected in 
Part 1 of the single ascending-dose study and the multiple 
ascending-dose study; plasma samples and CSF samples 
were collected in Part 2 of the single ascending-dose study. 
The sampling time points for blood/plasma and urine, as well 
as the assessments of central nervous system effects, were 
adjusted by the investigators based on the emerging data. 
The total blood volume collected did not exceed 500 mL per 
participant. Both studies used Phoenix software version 6.3 
(Certara, St. Louis, MO, USA) and a non-compartmental 
approach to calculate plasma pharmacokinetic parameters. 
The parameters assessed during these studies were maxi-
mum concentration (Cmax), time to maximum concentration 
(Tmax), area under the concentration vs time curve to the last 
measurable time (AUC last), area under the concentration vs 
time curve from the time of dosing extrapolated to infin-
ity (AUC inf), area under the concentration–time curve for 
the dosing interval (AUC), terminal elimination half-life, 
apparent total systemic clearance after extravascular dosing 
(CL/F), apparent volume of distribution during the terminal 
elimination phase after a single extravascular dose, appar-
ent volume of distribution during the terminal elimination 
phase after extra-vascular dosing (Vz/F), accumulation ratio 
calculated from AUCτ, ss, and AUCτ after single dosing 
(Rac AUC), and lag time.

ASP4345 pharmacokinetic samples were analyzed using 
a validated liquid chromatography-tandem mass spectrom-
etry method. For plasma, the standard curve range was 
50.0–50,000 pg/mL for ASP4345, using a sample volume 
of 50 µL. Concentrations are reported on the basis of the 
free form. Standards, quality controls, blanks, and samples 
were combined with the internal standard and were extracted 
using supported liquid extraction with methyl tert-butyl 
ether. The solvent methyl tert-butyl ether was evaporated, 
and the remaining residue was dissolved in reconstitution 
solution. Separation was achieved on a UPLC HSS T3 
(50 × 2.1 mm, 1.8 µm) column with an isocratic mobile phase 
composed of 45:55:0.05 (v/v/v) H2O:ACN:formic acid. For 
CSF, the analyte and the internal standard were extracted 
from 125 μL of human CSF by supported liquid extraction. 
Internal standard solution (25 μL, 100 pg/mL) was added to 
thawed CSF samples (1250-μL aliquot) in a 96-well plate. 
The samples were mixed, and then subjected to supported 

liquid extraction using a 96-well plate (200 mg). The eluates 
resulting from extractions were evaporated to dryness under 
a stream of nitrogen (nominal 40 °C). The residues were 
re-dissolved in the reconstitution solvent and submitted to 
analysis by liquid chromatography-tandem mass spectrom-
etry. The method had been qualified in terms of specificity, 
reproducibility, precision, and robustness. The lower limit 
of quantification had been set to 50 ng/mL.

2.5  Statistical Analyses

In both the single ascending-dose and multiple ascending-
dose studies, the pharmacokinetic analysis set (PKAS) were 
used for the analysis of all pharmacokinetic data. The PKAS 
included all randomized participants who took at least one 
dose of ASP4345 or matching placebo, had sufficient data 
available to derive at least one pharmacokinetic parameter, 
and for whom the time of dosing on the day of sampling 
was known. The plasma, urine, and CSF concentrations and 
pharmacokinetic parameters of ASP4345 were summarized 
using descriptive statistics, including mean, standard devia-
tion, coefficient of variation, median, minimum, maximum, 
and geometric mean, where applicable.

An analysis of variance model was used to determine 
the effect of food on the pharmacokinetics of ASP4345 
in the open-label cohort of Part 1 of the single ascending-
dose study. Specifically, to assess the effect of food on the 
pharmacokinetics of ASP4345 in study Part 1, between the 
food effect cohort and the cohort with a corresponding dose 
level under fasted conditions, an analysis of variance model 
with fixed effects for treatment (fed or fasted) was fitted on 
natural logarithm transformed Cmax and AUC. Within the 
analysis of variance, the least-squares (LS) mean differences 
between fed and fasted, along with the 90% CI on the dif-
ferences, were estimated. The LS means for Cmax and AUC 
were back-transformed to produce the geometric LS means. 
The geometric LS mean ratios and their corresponding 90% 
CI for each pharmacokinetic parameter were presented by 
back-transforming and were expressed as percentages.

3  Results

3.1  Participant Disposition

A total of 58 healthy volunteers were randomized in Part 1 
of the single ascending-dose study: 46 to the ASP4345 treat-
ment groups and 12 to matching placebo. Of the 46 healthy 
volunteers, 44 (95.7%) were included in the PKAS; two 
volunteers discontinued for reasons other than treatment-
emergent adverse events. Five healthy volunteers were ran-
domized in Part 2 of the single ascending-dose study: four to 
the ASP4345 300-mg treatment group and one to matching 
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placebo. All five healthy volunteers were included in the 
PKAS.

A total of 48 patients were randomized in the multiple 
ascending-dose study: 36 patients to the ASP4345 treatment 
groups and 12 patients to matching placebo. All 36 (100%) 
randomized patients who received ASP4345 were included 
in the PKAS.

3.2  Baseline Demographics

The demographic and baseline characteristics across treat-
ments in each study are summarized in Table 1. In the single 
ascending-dose study, healthy volunteers ranged in age from 
21 to 55 years, most (91.1%) were male, and overall median 
body mass index (BMI) was in the normal-to-overweight 
range. In the multiple ascending-dose study, patients ranged 
in age from 27 to 60 years, most (75%) were male, primarily 
African American (83.3%), and overall median BMI was in 
the normal-to-obese range.

3.3  Single‑Dose Pharmacokinetics Under Fasting 
Conditions

The AUC of ASP4345 in the single ascending-dose study 
demonstrated a rapid increase in plasma concentration 
(Fig. 1), and the median Tmax range was 1.00–1.50 h for 
the 3- to 300-mg ASP4345 doses (Table 2). Absorption of 
ASP4345 for the 900-mg dose was slower, with a median 
Tmax of 2.26 h. Both Cmax and AUC inf increased in a less 
than dose-proportional manner in the ASP4345 3- to 900-
mg dose range as the regression line fitting the data deviated 
from the reference line (Fig. 2). The percentage coefficient 
of variance for Cmax and AUC inf was higher for the ASP4345 
900-mg dose compared with doses in the 3- to 300-mg 
range. The average apparent elimination half-life range was 
9.12–14.3 h and was dose independent. The apparent oral 
clearance and volume of distribution showed a general trend 
of increase with increasing doses in the 3- to 900-mg dose 
range (mean CL/F was in the range of 4.14–19.7 L/h and 
mean VZ/F was in the range of 66.5–289 L).  

3.4  Single‑Dose Pharmacokinetics Under Fed 
Conditions

Under fed conditions in the single ascending-dose study, 
Cmax decreased by 3.95% compared with fasted conditions 
(Table 3). In contrast, AUC last and AUC inf increased by 
4.04% and 2.97%, respectively, under fed conditions com-
pared with fasted conditions. Median Tmax was higher under 
fed conditions than under fasted conditions (4.0 h vs 1.5 h). 
All other pharmacokinetic parameters were comparable 
between the fed and fasted conditions.

3.5  Single‑Dose Pharmacokinetics in Cerebrospinal 
Fluid

In Part 2 of the single ascending-dose study, CSF concentra-
tions were quantifiable from 30 min up to 24 h post-dose in 
all participants. ASP4345 was rapidly absorbed in plasma 
with Tmax in the range of 0.75–1.03 h, but appeared in the 
CSF with a slight delay; median Tmax was 4.73 h with a range 
of 2.48–7.98 h. The distribution of ASP4345 into the brain 
was confirmed based on the ratio of CSF to total plasma for 
AUC24 of 0.157–0.573%, Cmax of 0.0899–0.311%, and ratio 
of CSF to unbound plasma for Cmax of 25.0–86.4%. The low 
ratio of CSF to total plasma (median CSF/plasma = 0.188) 
is likely due to high plasma protein binding as ASP4345 is 
highly bound (> 99%) to human plasma proteins in vitro.

3.6  Multiple‑Dose Pharmacokinetics

The concentration–time profile in the multiple ascending-
dose study showed an increase in plasma concentrations of 
ASP4345 with increasing dose (Fig. 3); mean steady-state 
conditions were observed by day 5 based on visual inspec-
tion of the trough values over time. However, we noted that 
one or two patients in each of the treatment groups had more 
variability prior to achieving steady state. The coefficient for 
variation for the Cmax range was 20.2–48.8% and for AUC tau 
was 39.4–49.9% across treatment groups. Rac (AUC) values 
were approximately one- to two-fold at steady state, with 
no notable difference between treatment groups (Table 4). 
The mean elimination half-life range was 11.1–26.8 h and 
median Tmax range was 1.25–3.02 h. No dose dependency 
was observed for rate of absorption, lag time, or elimination 
half-life, and no evidence of time variant pharmacokinetics 
was detected throughout the study.

4  Discussion

These two phase I studies of the pharmacokinetics of 
ASP4345 revealed that single daily dosing is appropriate 
for ASP4345. The single ascending-dose study recorded 
rapid absorption of ASP4345 (for all doses 3–900 mg) under 
fasted conditions (median Tmax range 1.00–2.28 h) and low-
to-moderate between-patient variability based on plasma Cmax 
(11.4–79.8%) and AUC inf (31.0–76.6%). The plasma concen-
tration–time profile was biphasic with a slow decline during 
the alpha phase, which suggests slow distribution from plasma 
to tissue and is consistent with the delay in Tmax in CSF com-
pared with plasma Tmax. The elimination half-life was approx-
imately 9–14 h after single administration, and the degree of 
accumulation in AUC tau was one- to two-fold after repeated 
doses, which supports once-daily dosing of ASP4345.
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This study also determined that food did not alter the 
pharmacokinetics of ASP4345. Additionally, ASP4345 was 
shown to reach the brain based on the average CSF to total 
plasma ratios of Cmax (0.167%) and AUC 24 (0.277%), and 
the average CSF to unbound plasma ratio of Cmax (46.5%). 
The pharmacokinetic data from the multiple ascending-dose 
study (ASP4345 in the dose range of 3–150 mg) were con-
sistent with the data from the single ascending-dose study. 
There were less than dose-proportional increases in Cmax 
and AUC in the single ascending-dose study, where the dose 
range was 3–900 mg, and in the multiple ascending-dose 
study in patients with stabilized schizophrenia or schizoaf-
fective disorder, where doses had a range of 3–150 mg. The 
favorable pharmacokinetic data from the two phase I studies 
support further clinical development of ASP4345 as a single 
daily dose.

The maximum tolerated dose could not be determined in 
the single ascending-dose study. We also noted an increasing 
trend of CL/F and VZ/F with increasing doses. This trend 
suggests a decrease in the bioavailability of the drug with 
increasing dose, and provides an explanation for the less 

than dose-proportional increase in Cmax and AUC inf for the 
3- to 900-mg ASP4345 dose range. In addition, the percent-
age of CV for Cmax and AUC inf for the ASP4345 900-mg 
dose compared with doses in the 3- to 300-mg range may 
be a result of the greater number of capsules administered 
at the 900-mg dose.

Further clinical development of ASP4345 as a potential 
treatment for cognitive impairment is warranted because 
CIAS is an important symptom domain for patients with 
schizophrenia and there is no approved medication for CIAS 
treatment [14, 15]. Over the past few decades, a number 
of compounds have been tested in clinical trials based on 
targets identified from basic scientific research conducted 
to understand the mechanisms involved in CIAS [16]. 
Unfortunately, none have demonstrated adequate efficacy in 
large clinical trials. The CIAS clinical trials are challenging 
owing to concerns associated with patient recruitment and 
the length of time required to identify response to treatment 
[15].

Two  D1 receptor agonists, DHX and ABT-431, have 
shown promising efficacy results [17–19]; however, clinical 
use of these agonists is limited by low bioavailability [9] and 
safety concerns, particularly seizures [10] and hypotension 
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Fig. 1  Mean plasma concentration vs time profile of ASP4345 by 
treatment group in Part 1 of the single ascending-dose study (semi-
log scale)

Table 2  Mean (percentage coefficient of variation [% CV]) pharmacokinetic parameters after single ASP4345 doses under fasted conditions

AUC inf area under the concentration–time curve from the time of dosing extrapolated to infinity, AUC last area under the concentration–time curve 
to the last measurable time, CL/F apparent total systemic clearance after extravascular dosing, Cmax maximum concentration, IQR interquartile 
range, t1/2 elimination half-life, Tmax time to reach maximum concentration, Vz/F apparent volume of distribution during the terminal elimination 
phase after extra-vascular dosing

Dose Mean (% CV) Median (IQR)

Cmax(ng/mL) AUC last (h*ng/mL) AUC inf(h*ng/mL) t1/2 (h) CL/F (L/h) Vz/F (L) Tmax (h)

3 mg (n = 6) 106 (11.4) 801 (33.7) 807 (33.7) 11.3 (34.0) 4.1 (36.9) 66.5 (45.1) 1.00 (0.75–1.38)
10 mg (n = 6) 246 (17.8) 1920 (45.4) 1940 (46.0) 11.2 (21.9) 6.0 (38.1) 98.7 (51.4) 1.50 (0.94–2.51)
30 mg (n = 6) 621 (22.4) 5320 (34.0) 5320 (34.0) 9.12 (24.7) 6.1 (33.4) 78.4 (27.6) 1.50 (0.89–1.75)
100 mg (n = 6) 1190 (18.7) 10,900 (31.3) 10,900 (31.3) 11.4 (51.1) 9.9 (30.4) 167 (75.8) 1.02 (0.94–1.62)
300 mg (n = 6) 2590 (21.2) 24,600 (32.9) 25,100 (36.5) 14.3 (59.5) 13.1 (29.7) 234 (24.6) 1.50 (0.77–2.25)
900 mg (n = 6) 7710 (62.5) 74,000 (71.9) 74,200 (71.8) 10.3 (29.0) 19.7 (69.4) 289 (81.0) 2.26 (1.88–3.75)
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Fig. 2  Assessment of dose proportionality on the area under the con-
centration–time curve from the time of dosing extrapolated to infinity 
(AUC inf) in Part 1 (log–log scale)
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[11]. The results thus far support the development of  D1 
receptor agonists that are more target specific [9].

In the current study, a few limitations should be noted. 
First, future studies would benefit from evaluating popu-
lations that are more balanced in terms of sex relative to 
the current study, which was 91.1% male. Furthermore, the 

BMI varied between groups. While we did not notice any 
BMI-related trends in our data, future studies might benefit 
from evaluating more homogenous groups, as it pertains to 
weight/BMI. Last, while the selected number of subjects was 
considered sufficient to achieve the study objectives, future 
studies may benefit from larger group/sample sizes.

Table 3  Assessment of food effects after single ASP4345 doses

AUC inf area under the concentration–time curve from the time of dosing extrapolated to infinity, AUC last area under the concentration–time curve 
to the last measurable time, CI confidence interval, Cmax maximum concentration, LS least-squares
a n = 8 for all parameters
b n = 6 for all parameters
c The difference of LS means of log-transformed pharmacokinetic parameters between fed and fasted and its 90% CI are back transformed to the 
raw scale and are expressed as percentages

Parameter Comparison Geometric LS mean for 
test group (300 mg fed)a

Geometric LS mean for 
test group (300 mg fasted)b

Geometric LS 
mean ratio (%)c

90% CI of ratio (%)c

AUC inf (h•ng/mL) Fed group/fasted group 24,662 23,951 102.97 71.88–147.51
AUC last (h•ng/mL) Fed group/fasted group 24,542 23,589 104.04 73.41–147.47
Cmax (ng/mL) Fed group/fasted group 2438 2539 96.05 75.11–122.84

Fig. 3  Mean plasma concentra-
tion vs time profile of ASP4345 
by treatment group at day 14 
in the multiple ascending-dose 
study (semi-log scale)
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Table 4  Mean (percentage coefficient of variance [% CV]) pharmacokinetic parameters at day 14, after multiple ASP4345 doses

AUC  area under the concentration–time curve, AUC tau area under the plasma concentration–time curve for a dosing interval, CL/F apparent total 
systemic clearance after extravascular dosing, Cmax maximum concentration, IQR interquartile range, Rac accumulation ratio, t1/2 elimination 
half-life, Tmax time to reach maximum concentration, Vz/F apparent volume of distribution during the terminal elimination phase after extra-
vascular dosing

Dose Mean (% CV) Median (IQR)

Cmax (ng/mL) AUC tau (h*ng/mL) Rac (AUC) (h*ng/mL) t1/2 (h) CL/F (L/h) Vz/F (L) Tmax (h)

3 mg (n = 9) 122 (28.8) 848 (48.3) 1.31 (22.4) 11.1 (51.8) 4.1 (37.5) 57.6 (30.2) 1.25 (0.98–1.50)
15 mg (n = 9) 349 (20.2) 2600 (39.4) 1.33 (25.7) 11.6 (56.0) 6.6 (39.4) 115 (96.6) 1.50 (0.75–2.26)
50 mg (n = 9) 624 (34.5) 6410 (48.8) 2.18 (50.0) 26.8 (69.5) 9.6 (48.2) 422 (109.6) 3.02 (1.25–4.10)
150 mg (n = 9) 1580 (48.8) 13,600 (49.9) 1.51 (28.0) 14.9 (51.3) 1.52 (68.1) 273 (46.2) 2.00 (1.50–3.00)
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5  Conclusions

These two phase I studies showed that ASP4345 is rapidly 
absorbed, has a long half-life, and reaches the brain, and 
its pharmacokinetics are not affected by food. The results 
of these phase I studies support the feasibility of further 
investigation of the efficacy and safety of ASP4345 in CIAS. 
A phase IIa, randomized, double-blind, placebo-controlled, 
parallel-group study to assess the safety and efficacy of 
ASP4345 (NCT03557931) has been completed and results 
are forthcoming.
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