


Accelerated development of the dual orexin receptor antagonist ACT-541468: Integration of a microtracer in the first-in-humans study.
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Abstract
The orexin system regulates sleep and arousal and is targeted by ACT-541468, a new dual orexin receptor antagonist (DORA). Healthy male subjects received a single oral dose of 5-200 mg, to assess safety, tolerability, pharmacokinetics (PK), pharmacodynamics (PD), mass balance, metabolism, and absolute bioavailability utilizing a 14C-labeled, orally and intravenously (i.v) administered microtracer. The drug was safe and well tolerated; the PK profile was characterized by quick absorption and elimination, with median time to reach maximum concentration (tmax) of 0.8-2.8 h and geometric mean terminal half-life (t1/2) of 5.9 to 8.8 h. Clear dose-related effects on the central nervous system (CNS) were observed at ≥ 25 mg, indicating a suitable PK-PD profile for a sleep-promoting drug, allowing for rapid onset and duration of action limited to the intended use. This comprehensive first-in-humans (FIH) study created a wealth of data at an early stage, while saving resources in drug development.
Introduction
The orexin system has been discovered in 1998 (1, 2) and consists of the two hypothalamic neuropeptides orexin A (OxA) and orexin B (OxB), and the two G protein-coupled receptors orexin-1 (OX1) and orexin-2 (OX2), that are widely expressed throughout the brain (2-4). OxA has a high and OxB a low affinity to the OX1 receptor, while both OxA and OxB have a high affinity to the OX2 receptor. Orexins promote wakefulness and mediate behavior under situations of high motivational relevance, e.g., physiological needs such as feeding, reward opportunities, and escape attempts or other coping strategies during acute exposure to threats (5).
Infusing exogenous orexin into cerebral ventricles in rats leads to enhanced behavioral activity, arousal, delayed onset of sleep, and maintenance of cortical activation. Orexin-producing neurons are active during wakefulness and fall quiet during sleep (6-7). Orexin fibers and receptors project into areas particularly related to the regulation of the wake-sleep cycle (basal forebrain, corticolimbic structures, and brainstem), hence, it is a valid target for pharmacological treatment of sleep-related disorders (8, 9).
Insomnia is a common problem, affecting up to 30 % or more of the general population, and 10 % of the general population have complaints that their sleep problems cause day-time functional impairment (10, 11, 12). Insomnia disorder may result in difficulty initiating or maintaining sleep, characterized by multiple or long awakenings during the sleep period, or early morning awakenings (12).
Commonly prescribed hypnotics are medications that bind to gamma-aminobutyric acid  (GABA) type A receptor subtypes, including benzodiazepines, non-benzodiazepine benzodiazepine receptor agonists, i.e., z-drugs (13). More recently, newer hypnotics that do not act at the GABA receptor, such as suvorexant, the first-in-class DORA have been approved for the treatment of insomnia (14). Proof of concept of the mechanism of action of such drugs had earlier been demonstrated in humans for almorexant and suvorexant (15, 16). Therefore, the working hypothesis for DORAs in the field of insomnia can be described as follows: by transiently and reversibly blocking both OX1 and OX2 receptors in the brain, sleep can be induced in healthy subjects and in patients with insomnia disorder.
Here, we report the results of the FIH study (ClinicalTrials.gov: NCT02919319) with ACT-541468 ((S)-(2-(5-chloro-4-methyl-1H-benzo[d]imidazol-2-yl)-2-methylpyrrolidin-1-yl)(5 methoxy-2-(2H-1,2,3-triazol-2-yl)phenyl)methanone), a novel DORA intended for the treatment of insomnia. The chemical structure is provided in the supplemental Figure S1. Following a comprehensive discovery program (17), the compound has been shown to induce induced sleep in animals rats and dogs,, and had a predicted PK profile that appeared suitable for a sleep-promoting drug in humans. To accelerate development, a 'smart' approach for this FIH study was chosen, utilizing a 14C-labeled microtracer in combination with ultrasensitive accelerator mass spectrometry (AMS) to characterize routes of elimination, mass balance, metabolism, and absolute bioavailability , the latter by using an i.v. administered tracer. 
Results
Subjects
A total of 40 healthy male subjects participating in the study received treatment: 8 subjects per group, with 6 subjects on active and 2 on placebo. The mean (range) age and body mass index of subjects were 23.9 (18-44) years and 23.0 (19.4-30.0) kg/m2, respectively. 
Pharmacokinetics
The mean concentration-time profiles and the main PK parameters of ACT-541468 are depicted in Figure 1 and presented in Table 1, respectively. ACT-541468 was quickly absorbed with a median tmax of 0.8-2.0 h for the 5, 25, and 50 mg doses, and 2.5 and 2.8 h for the 100 and 200 mg doses. Across all doses groups, the exposure parameters maximum plasma concentration (Cmax) and area under the concentration-time curve (AUC) increased slightly less than proportionally to the dose administered (data provided in supplemental Tables S2-S3, Figure S3-S4). The geometric mean (95 % confidence interval [CI]) t½ was between 5.9 (4.8, 7.4) and 6.5 (4.8, 8.9) h for the 5-50 mg doses, and 7.5 (5.3, 10) and 8.8 (6.6, 11.8) h for the 100 and 200 mg dose, respectively.
Mass Balance
Following oral administration of 50 mg parent drug in combination withand 250 nCi (2.02 μg) 14C-labeled ACT-541468, blood, urine, and feces were collected over 168 h. All samples were analyzed for 14C-content by AMS. At the end of the collection period, tThe arithmetic mean (range) cumulative recovery of radioactivity from feces and urine was 84.5 % (76.1-92.8 %). Figure 2 shows that fecal excretion of radioactivity was the major route of elimination, with a mean (range) cumulative recovery of radioactivity in feces and urine of 56.6 % (50.0-68.7 %) and 27.9 % (24.1-34.9 %), respectively.
Pharmacokinetics of Radioactivity 
Partitioning of total  radioactivity into red blood cellserythrocytes was determined based on total 14C-concentration measured at tmax in plasma and whole blood, resulting in an estimated blood/plasma ratio of 0.64. When cCompared to whole blood, the geometric mean (95 % CI) t½ of total radioactivity in plasma was longer (25.5 vs 14.0 h; 95 % CI: 14.0, 46.6 vs 11.5, 16.9) and the geometric mean AUC from 0 to infinity (0-∞) was higher (29,48078 vs 19,34037; 95 % CI: 20,790, 41,800797 vs 13,2204, 28,2704) ng eq·h/mL. PK profiles and results of 14C radioactivity are presented in the supplemental Table S1 and Figure S1. 
Absolute Bioavailability, Clearance, and Volume of Distribution
When administered as an i.v. infusion, 14C-ACT-541468 was quickly distributed and eliminated without no differences in t½ between i.v. and oral administration (Figure 3). When comparing the total exposure following oral administration of 100 mg to the total exposure following i.v. administration of the microtracer (nominal dose 2.02 μg), an average absolute bioavailability of 62.1 % (95 % CI: 521.6-754.9) was estimated. The geometric mean clearance (CL) was estimated to be 5.0 L/h (95 % CI 3.0-8.1), and the volume of distribution (Vss) 31.0 L (95 CI: 26.3-376.5). 
Pharmacodynamics 
Results of PD results assessments, presented in Figure 4 and Table 2, showed a hardly detectable effect of ACT-541468 at the starting dose of 5 mg. Doses of 25 mg and higher revealed a clear effects on the CNS, i.e., reduced vigilance, and attention, as well as on  visuomotor coordination, and postural stability as indicated by decreased saccadic peak velocity (SPV), and adaptive tracking performance, and increased body sway. The onset of these effects was within 1 h after administration and the maximum effect occurred around 1.5 h following the intake of doses up to 100 mg. At 200 mg, the maximum effect generally occurred after 2 h. Overall, the effects of 25 and 50 mg returned to baseline within 3-6 h and 6-8 h after drug intake, respectively. Following a dose of 100 mg and 200 mg, the time required to return to baseline values for most variables was within 8 and 10 h, respectively. Effects on SPV and visual analog scale (VAS) subjective alertness in the 200 mg dose group did not completely return to baseline at the end of the 10 h observation period.
Safety and Tolerability
Treatment-Aemergent adverse events (AEs) reported (including unrelated to study drug as judged by the investigator) are summarized in Table 3. Neither severe AEs nor serious AEs were reported and no subject withdrew from the study due to occurrence of an AE. All treatment-emergent AEs were of mild or moderate intensity. The most frequently reported AEs were somnolence, fatigue, disturbance in attention, and headache. In the 200 mg dose group, 4 events of mild muscle weakness affecting hands and legs (hands, legs) were reported in 4 subjects, with an onset between 40 min and 2.5 h post-dose and a duration between 1 min and 3 h. The duration of AEs related to depression of the CNS increased with dose. Somnolence was also reported by subjects who received placebo. No treatment-emergent clinically relevant abnormalities of vital signs, physical examination, 12-lead electrocardiogram (ECG) recordings, or clinical laboratory variables were detected at any dose. When completing the Narcolepsy 2nd Step Questionnaire, none of the 4 subjects that had reported an AE of mild muscle weakness stated that this was actually triggered by emotions when answering the corresponding question (“what triggered it?”). However, when completing the brief motor questionnaire at 24 h post-dose, one of the 4 subjects reported that emotions (laughing) had triggered his muscle weakness.


Discussion
This study provides the first safety, tolerability, PK, and PD data in healthy males for ACT-541468, a new potent DORA. 
The observed PK profile of ACT-541468 showed quick absorption with a median tmax of 0.8-2.8 h, and thereafter concentrations decreased in a multiphasic way, probably due to a combination of distribution into tissues and the elimination processes. The terminal t½ was approximately 6 h for the dose range of 5-50 mg, and for 25 and 50 mg significant sleep-promoting effects were demonstrated with an acceptable duration of approximately 6-8 h (not at 5 mg). Across the dose range tested, the total exposure, i.e., AUC0-inf∞ and Cmax increased slightly lessincreased less than dose-proportionally, caused by the limited aqueous solubility of the compound (solubility in water [pH 2.5] at room temperature = 710 µg/mL. However, iIn the lower dose range of 5-50 mg (selected for dose-finding phase 2 studies) the increase of AUC and Cmax was approximately dose-proportional.
To save resources and to accelerate development time, a microtracer approach was implemented in two dose groups in this FIH trial, resulting in a wealth of data compared to those obtained classically, including mass balance and i.v. PK parameters following i.v. infusion (CL, Vss, and absolute bioavailability). The advancement of bioanalytical technologies enabled the significant reduction of the administered radioactive dose to a level at which the radioactive burden is negligible (< 0.1 mSv), allowing tracer administration to healthy subjects (18-20). Health authorities do not require a formal application with animal dosimetry data or good manufacturing practice compliant 14C-radiolabeled material with such a low level of radiation exposure (18-22). For quantification of these extremely low levels of radioactivity the use of highly sensitive AMS was required. Subjects in the 50 and 100 mg dose groups received a single dose of 250 nCi of a radiolabeled microtracer orally and i.v., respectively, which demonstrated feasibility of including mass balance and i.v. PK studies as an integral part of an FIH study. Inclusion of the microtracer parts at predefined doses before knowing accurately the concentration-response relationship principally bears the risk of obtaining pivotal PK information at an inappropriate dose. In this study this risk was mitigated/minimized by narrowing the expected therapeutic dose range on the basis of PK/PD modeling (17).
Following oral administration of the tracer, radioactivity was measurable in plasma after 10 min in all subjects. Excretion in feces was the major elimination pathway of ACT-541468, accounting for a mean recovery of 57 % of the administered radioactive dose, while 28 % was found in urine. The total recovery of 84.5 % can be explained by the observed longer t½ of some metabolites, which is consistent with the small amount of radioactivity still excreted on the last day of collection, suggesting that small amounts of radioactivity were still excreted after the collection period. PK analysis of total radioactivity revealed a t½ of approximately 25 h in plasma and 14 h in whole blood. Since t½ of the parent drug observed at doses up to 50 mg was only 6 h, the longer t½ seen following administration of the microtracer is most likely related to the presence of metabolites with a longer t½ than the parent compound.
The effects of the compound on the CNS were evaluated in a series of tests with a validated PD battery. Starting at 25 mg, clinically relevant changes in PD variables were observed, i.e., reduced vigilance and attention, alertness, and motor coordination measured by SPV, adaptive tracking, body sway, and VAS Bond and Lader, with an onset within 1 h post-dose and a return to baseline by 8 to 10 h post-dose for most variables. The magnitude of the PD effects appeared to reach a plateau at 25 mg, as maximum effects observed at 50 and 100 mg were comparable to those observed at 25 mg, while the duration of effects increased with dose. At 200 mg, the PD effects were more pronounced than the effects observed at any of the lower doses. 
The objective and subjective tests used in this study have demonstrated sensitivity to even mild sedation as reported by Van Steveninck et al. (23), in which validity of the measurements was successfully tested. For example, aA reduction in SPV of about 10 % roughly corresponds to the effects observed in the morning after a night of sleep deprivation, or to the maximum effects of 2 mg diazepam, or 10 mg temazepam (24). Hence, in the present study, when effects of 25 mg ACT-541468 on SPV were measured, sleep-promoting effects were clearly demonstrated with a mean maximum change from baseline of -87.1 degrees/sec at 1.5 h post-dose, which represents a decrease of approximately 17 % from baseline (512.4 degrees/sec). Similar to the observations for SPV, a trend of dose-dependency, specifically with respect to the duration of effects, was observed for adaptive tracking, body sway, and VAS subjective alertness. 
Although the change in average tracking performance of -7.4 and -8.8 % (mean maximum change from baseline) observed at a dose of 25 and 50 mg, respectively, represents a significant impairment, the effects were less pronounced when compared to an average decrease of 21 % following a night of sleep deprivation as described by van Steveninck et al. (23). 
The lower sensitivity of adaptive tracking performance versus SPV observed in this study could be explained by the motivation and alertness needed to perform the adaptive tracking test, a task that may be regarded as a laboratory analog of operating a machinery or driving a motor vehicle, requiring eye-hand coordination. In addition, the tracking test allows to immediately subjects could recognize a performance improvement due to the adaptive nature of the test: if the pursuit effort was successful, the speed of the moving circle was increased, or reduced if less successful. Hence, motivation and alertness may to some extent overcome mild sedation (23).
Single doses of up to and including 200 mg were well tolerated. The most frequently reported AEs (somnolence, fatigue, and headache) were similar to those reported for almorexant or suvorexant in previous studies (25-27). At the highest dose tested (200 mg), 4 events of mild muscle weakness were reported in 4 subjects, which could be an indication of exaggerated pharmacology due to a prolonged pharmacological blockade of orexin receptors following morning administration. Notably, these events occurred during a busy day for the subjects with a very dense schedule and only short resting periods between assessments. 
Next-day effects including impaired driving performance led the Food and Drug Administration to approve suvorexant at a maximum dose of 20 mg per night (28). Other common problems associated with the use of sleep drugs such as morning somnolence and drowsiness are well documented (29-30). In the present study, nNext-day performance was not addressed since the study drug was administered in the morning; however, the observed PK-PD profile warrants future studies to assess both night-time sleep and next-day performance. The PK and PD observed in this trial largely confirmed previous investigations (17), in which the therapeutichuman dose range (25-75 mg) in humans was estimated by physiologically-based PK and PD modeling. Using this approach, a A dose of 25 mg of ACT-541468 was predicted to block OX2 sufficiently long to promote sleep for a period of 6-8 h. Taking into accountConsidering the observed PK, PD, and safety profile and PD characteristics, and the AE profile following day-time administration, phase 2 dose-finding clinical studies were performed in the range of 5-50 mg (31, 32). In conclusion, this microtracer This FIH study incorporating a microtracer approach, created a wealth of PK and PD data at an early stage of development, potentially saving time and financial resources in the further drug development process.
Methods
Subjects
Forty healthy male subjects aged between 18 and 45 years were treated withreceived a single dose of ACT-541468. The protocol was approved by the Dutch health authorities and by the local ethics committee Foundation Beoordeling Ethiek Biomedisch Onderzoek. After explanation of the aims, methods, objectives, and potential hazards of the study, written informed consent was obtained from each individual prior to any procedure. This study was performed in accordance ing towith Good Clinical Practice and in accordance with the principles of the Declaration of Helsinki. As part of the baseline characteristics, the modified Swiss Narcolepsy Scale questionnaire (33) was electronically completed by the subject at screening.
Study Design
This was a double-blind, randomized, placebo-controlled, ascending single oral dose FIH study including a mass balance and metabolism part and an absolute bioavailability part in combination with a 14C-labeled ACT-541468 tracer. Subjects were treated with a single dose of ACT-541468, formulated as the hydrochloride salt, as hard gelatin capsules in 5 dose groups (5, 25, 50, 100, and 200 mg), administered in the morning under fasted conditions. Each dose level was investigated in a group of 8 healthy male subjects (6/2 on active drug, 2 on /placebo). The study comprised a 3-week screening period, a treatment period of 96 h (mass balance part 168 h), and a 30-day safety follow-up period. The study design and PK/PD sampling scheme are included in the supplementary material (Figure S5 and Tables S5-1 to S5-3).
Pharmacokinetics and Bioanalytics
Blood samples of 4 mL were taken at regular time points over 96 h post-dose. Plasma was stored at -70 °C and protected from light. Concentrations of ACT-541468 were determined using a validated liquid chromatography coupled to tandem mass spectrometry assay with a lower limit of quantification (LLOQ) of 0.500 ng/mL (Mass spectrometer API 4000, AB SCIEX, Concord, ON, Canada). Chromatographic separation was achieved using a Kinetex column C18, 50 x 3.0 mm ID, 2.6 μm (Phenomenex Inc., Torrance, CA, USA), with a flow rate of 0.5 mL/min, using a linear gradient starting from 70 % mobile phase A and 30 % mobile phase B with a run time of 4 min. Mobile phases consisted of water containing 0.1 % formic acid (A) and acetonitrile containing 0.1 % formic acid (B). Performance of the method was monitored and showed inter-batch precision (% CV) ≤ 5.9 %, whereas the inter-batch accuracy ranged from -7.5 % to 0.1 %. For PK analysis, concentrations below the LLOQ were set to ’0’. PK parameters were determined by non-compartmental analysis using Professional WinNonlin 6.1 (Pharsight corp., Mountain View, CA, USA).
Mass Balance  
A dose of 50 mg ACT-541468 was administered together with a solution of the 14C-labeled microtracer (dose 250 nCi; 2.02 μg 14C-ACT-541468). Blood, urine, and feces were collected up to 168 h post-dose. Feces and urine samples were processed for homogenizedation, and the homogenized feces samples were further processed for freeze-drying, with the freeze-dried residue ground to a fine powder. Plasma, whole blood, urine, and freeze-dried feces samples were analyzed directly using AMS, to determine the total 14C concentration in each sample. The pre-dose samples were analyzed by AMS to obtain the inherent background levels of 14C radioactivity, which were used for background subtraction to obtain a value for drug-related 14C for each post-dose sample. The AMS data were expressed as percent modern carbon (pMC), where 100 pMC equals 13.56 disintegrations per minute (dpm)/g C. The AMS results were used to calculate the radioactivity (dpm/mL or dpm/g) for all samples, based on the specific activity of the tracer (2754.41 dpm/ng) and the dose administered. The concentration of total radioactivity was presented in ng eq/mL (or ng eq/g feces). Metabolism of ACT-541468 was also investigated, including metabolite profiling, quantification, determination of the elemental compositions, and structural elucidation of molecular structures. Results related to the 77 metabolites identified will be reported separately.
Absolute Bioavailability
14C-labeled ACT-541468 was purified at Quotient Bioresearch Ltd., Cardiff, United Kingdom. The radiolabel was placed in a part of the molecule that was preserved in all metabolites (methyl group attached to the pyrrolidine ring). The analytical specifications are provided in the supplemental Table S5. Parent ACT-541468  was administered orally (100 mg) followed by a 15 min i.v. infusion of the tracer (1 mL/min) starting 2.5 h after oral dosing, at which Cmax was expected to occur.. The administered 14C-dose was determined for each individual subject as the average 14C-content of two samples of the tracer solution taken from the infusion line directly after dosing and analyzed by liquid scintillation counting. For technical reasons (vial did not contain a sufficient amount of tracer solution) 4 instead of 6 subjects were dosed with the i.v. tracer. 
Following a dense sampling schedule, sSamples were analyzed for total 14C radioactivity and parent drug (14C-labeled) using a validated high-performance liquid chromatography  coupled with AMS assay. The lower limit of quantification was 0.619 pg eq ACT-541468/mL.
The i.v. PK parameters were estimated by non-compartmental analysis. Using dose-corrected i.v. PK data, CL, Vss, and F were estimated using the following equations (34):


where AUMC0-∞ is the area under the first moment curve extrapolated to infinity.
Absolute bioavailability was estimated using the formula:

Pharmacodynamic Assessments
The PD of ACT-541468 were assessed for 10 h post-dose using a validated test battery (Neurocart®, Center for Human Drug Research , Leiden, the Netherlands), including SPV, adaptive tracking, and body sway. In addition, sSubjective effects were assessed using the VAS Bond and Lader for alertness, mood, and calmness. These psychomotor performance tests have been previously described and have shown sensitivity to measure sedation following administration of DORAs (26, 27). 
Speed of eye movements was recorded for stimulus amplitudes of approximately 15 degrees to either side. Fifteen saccades were recorded with interstimulus intervals varying randomly between 3 and 6 seconds. Average values of SPV (expressed as degrees/sec) were recorded.
Adaptive tracking is a pursuit-tracking task in which a circle moves pseudo-randomly on a screen. The subject must try to keep aA randomly moving dot has to be kept inside a circle by operating a joystick. If this effort is successful, the speed of the moving circle increases. Conversely, the velocity is reduced if the subject the dot cannot be maintained the dot inside the circle. Average tracking performance (%) was recorded.
Body sway was assessed using a body sway meter, with subjects keeping their eyes closed. The body sway meter allows measurement of body movements (mm) in a single plane, providing a measure of postural stability. Subjects were asked to stand still and comfortable, with their feet approximately 10 cm apart and eyes closed. 
The VAS Bond and Lader has been frequently used to assess sedative agents (26, 27, 35). The VAS consists of 16 items of which 3 main factors were calculated as described by Bond and Lader (36): alertness, mood, and calmness. 
Safety
Safety and tolerability were assessed by monitoring AEs, evaluating laboratory parameters, vital signs (blood pressure, heart rate, and body temperature), 12-lead ECG, physical examination, and by the Swiss narcolepsy questionnaire (33), which consists of 5 questions related to narcolepsy-like symptoms: inability to fall asleep, feeling unrefreshed in the morning, taking a nap in the afternoon, knee buckling during emotions, and sagging of the jaw during emotions. Prior to dose escalation, a thorough review of the safety, tolerability, and PD data of subjects from the previous dose group was performed. 
Statistical Analysis
Dose proportionality of ACT-541468PK parameters was tested using linear regression of log transformed parameters  Cmax and AUC0-∞ versus the dose (37). For analysis of the PD effects, subjects receiving placebo were grouped. Effects on the PD variables were analyzed by mixed model with dose, time, and dose by time as fixed effects, with subject as random effect, and with the (average) baseline value as covariate. Contrasts for each PD endpoint were reported along with 95 % CI. PD effects were also assessed on the basis of mean changes from baseline (± standard deviation [SD]) over the 10-h period. Safety and tolerability were analyzed descriptively by treatment group, whereas subjects treated with placebo in the different dose groups were pooled for this analysis.
Study Highlights
What is the current knowledge of this topic?
The orexin system plays an important role in the regulation of sleep and wakefulness. Transiently blocking the signaling of the orexin pathways is a valid approach for development of a drug intended to treat insomnia.
What question did the current study address?
Are the PK, PD, tolerability, and safety profile of ACT-541468 in healthy male subjects compatible adequate with the requirements for a sleep-promoting drug?to warrant further development of ACT-541468 in the field of insomnia? 
What this study adds to our knowledge:
The drug was safe and well tolerated, and the results show that PK, PD, and the safety profile PD of ACT-541468 are compatible with a drug for the treatment of insomnia. If well designed, investigation of mass balance, metabolism, and absolute bioavailability can be included in FIH trials in order to accelerate development.
How this might change clinical pharmacology or translational science:
A microtracer approach utilized in FIH trials generates a wealth of informative data in addition to the classical variables. This study supports a paradigm shift such that utilizing a microtracer approach is considered more frequently at this early stage of development. 
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Figure and Table Legends
Figure 1: Mean (±SD) plasma concentration-time profile of ACT-541468 following oral administration (linearsemilogarithmic scale, the semilogarithmic inset shows first 8 h post-dose with frequent sampling, N = 6)
Figure 2: Cumulative recovery of radioactivity following oral administration of a microtracer dose of ACT-541468 (mean ±SD, N = 6)
Figure 3: Mean (±SD) plasma concentration-time profile of ACT-541468 following oral administration of 100 mg ACT-541468 vs. dose-adjusted i.v. administered microtracer (linear scale, inset semilogarithmic scale, N = 4*)
Figure 4: Time course of mean changes from baseline (±SD) of (from top to bottom) saccadic peak velocity, adaptive tracking performance, body sway, and VAS Bond and Lader subjective alertness. N = 6 per active dose group; N = 10 for placebo
Table 1: Summary of main pharmacokinetic parameters following administration of a single oral dose of ACT-541468
Table 2: Summary of main pharmacodynamic parameters following administration of a single oral dose of ACT-541468
Table 3: Summary of main treatment-emergent adverse events following administration of a single oral dose of ACT-541468
Supplementary Figure and Table Legends
Figure S1: Mean (±SD) concentration-time profile of total radioactivity in whole blood and plasma following oral administration of 50 mg ACT-541468 in combination with an oral microtracer (linear scale, inset semilogarithmic scale, N = 6
Figure S2: Chemical structure of ACT-541468 (free base)
Figure S3: Dose proportionality (5-200 mg) for geometric means of Cmax and AUC0-inf,  results from linear regression
Figure S4: Dose proportionality (5-50 mg) for geometric means of Cmax, AUC0-24h, and AUC0-inf, results from linear regression
Figure S5: Study design
Table S1: Summary of pharmacokinetic parameters of total radioactivity in whole blood and plasma, following oral administration of 50 mg ACT-541468 in combination with an oral microtracer (N = 6)
Table S2: Dose proportionality (5-200 mg) for geometric means of Cmax and AUC0-inf
Table S3: Dose proportionality (5-50 mg) for geometric means of Cmax, AUC0-24h, and AUC0-inf
Table S4: Analytical specifications of 14C-labeled ACT-541468
Table S5: Study assessment schedule (Tables S5-1, S5-2, and S5-3)
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