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Abstract
The aim of this study was to evaluate the impact of renal impairment on the phar-
macokinetics (PKs), safety, and tolerability of daridorexant, a dual orexin receptor 
antagonist intended for the treatment of insomnia. A single-center, open-label study 
evaluated the PKs of daridorexant in patients with severe renal function impair-
ment (SRFI; determined by creatinine clearance using the Cockcroft-Gault equation; 
N = 8) not on dialysis, and in matched control subjects (based on sex, age, and body 
weight; N = 7). A single oral dose of daridorexant 25 mg was orally administered in 
the morning. Blood samples were collected up to 72 h postdose for PK assessments of 
daridorexant. In patients with SRFI, maximum plasma concentrations (Cmax; geomet-
ric mean ratio [GMR] and 90% confidence interval [CI]: 0.94 [0.60–1.46]), time to 
reach Cmax (Tmax; median difference [90% CI] of −0.25 h [−0.75 to 0.25]), and half-
life (GMR [90% CI] of 0.99 [0.66–1.48]), were virtually unchanged. Exposure (area 
under the plasma concentration-time profile) to daridorexant was slightly higher in 
patients with SRFI than in control subjects with the GMR (90% CI) being 1.16 (0.63–
2.12). No safety issue of concern was detected as all adverse events were transient and 
of mild or moderate intensity, and no treatment-related effects on vital signs, clinical 
laboratory, or electrocardiogram variables were observed following daridorexant ad-
ministration in patients with SRFI and control subjects. Based on these observations, 
PK alterations of daridorexant due to renal function impairment are not considered of 
clinical relevance and no dose adjustment is necessary in these patients.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Daridorexant, a potent and selective dual orexin receptor antagonist being developed 
to treat insomnia, has been shown to have significant effects on sleep onset and sleep 
maintenance, and improves the impaired daytime functioning of patients with insom-
nia. Daridorexant has recently been submitted for marketing authorization (in the 
United States and the European Union).
WHAT QUESTION DID THIS STUDY ADDRESS?
This study compared the pharmacokinetics (PKs), safety, and tolerability of daridorex-
ant between patients with severe renal function impairment (SRFI) and control subjects.
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INTRODUCTION

Throughout the brain, the orexin system, consisting of two 
hypothalamic neuropeptides, orexin A (OxA) and orexin B 
(OxB), and two G protein-coupled receptors, orexin-1 (OX1) 
and orexin-2 (OX2), is widely expressed.1–3 Transiently 
blocking the signaling of the orexin pathways, which play 
an important role in the regulation of sleep and wakefulness, 
has been shown to be a valid approach for the development 
of drugs intended to treat sleeping disorders.4–6 Daridorexant 
(ACT-541468) blocks the actions of the orexin neuropeptides 
at both OX1 and OX2 receptors (i.e., it is a dual orexin recep-
tor antagonist), which has thus shown to promote sleep and is 
currently being developed for the treatment of insomnia.5,7–10

In the anticipated clinical dose range of 25–50 mg, in con-
trol individuals, daridorexant’s pharmacokinetic (PK) profile 
is characterized by quick absorption, with time to maximum 
plasma concentration (Tmax) of 1–2  h, a terminal half-life 
(t½) of ~ 8 h, a clearance of 5.0 L/h, and volume of distri-
bution at steady-state of 31  L.8,11,12 The absolute bioavail-
ability is 62%. The PK parameters of daridorexant following 
multiple-dose administration are similar to those observed 
following single-dose administration, whereby no relevant 
accumulation has been observed.13 In a previous absorption, 
distribution, metabolism, and elimination (ADME) study, 
14C-labeled daridorexant was shown to be extensively metab-
olized with only traces of parent drug excreted unchanged.8,14 
Most of the administered radioactive dose was recovered in 
feces (50–69%), followed by urine (24–35%). Most observed 
metabolic reactions of daridorexant are mediated by cyto-
chrome P450 (CYP) 3A4 oxidative transformations, whereas 
the three major metabolites of daridorexant, namely M1, 
M3, and M10, identified in human plasma have considerably 
lower affinity to OX1 and OX2 receptors than the parent drug 
and, thus, do not appear to contribute to a significant extent to 
the pharmacological effect.8,12,14

For drugs that are predominantly eliminated via nonrenal 
routes and likely to be used in patients with impaired renal 
function, as is the case for daridorexant, health authorities 
recommend a reduced study design to assess the PKs in pa-
tients with renal impairment to provide appropriate dosing 
recommendations as, especially in severe renal function 
impairment (SRFI), can adversely affect other pathways of 

metabolism (i.e., may also affect the disposition of hepati-
cally cleared drugs).15,16

Therefore, the intent of this conducted study was to rep-
resent a “worst-case scenario” whereby the greatest impact 
altered renal function might have on the PKs, safety, and tol-
erability of daridorexant was evaluated.

METHODS

Study design

This was a single-center, open-label, single-dose, phase I 
study (NCT04024332). The study was conducted at APEX 
GmbH (Munich, Germany). The protocol was approved by 
the German National Health Authority and approved by the 
local ethics committee (Ethikkommission der Technischen 
Universität München, Germany). The study adhered to the 
Declaration of Helsinki and was conducted according to 
good clinical practice. Prior to any study procedure, written 
informed consent was obtained from each participant.

Study population

Male and female patients with SRFI (defined as creatinine 
clearance [CrCL] <30 ml/min, calculated using the Cockcroft-
Gault formula), and control subjects (defined through physi-
cal examination, 12-lead electrocardiogram [ECG], clinical 
laboratory data, and age-appropriate normal renal function: 
CrCL ≥60 ml/min for subjects aged 61–85 years, ≥70 ml/min 
for subjects aged 51–60 years, and ≥80 ml/min for subjects 
≤50 years) were enrolled in the study.17,18 Patients with SRFI 
were excluded if they required dialysis and were required to 
be between 18 and 85 years of age, with a body mass index 
(BMI) of 18–35 kg/m2 (body weight ≥50 kg). Control subjects 
were individually matched to renally impaired subjects regard-
ing sex, age (±10 years), and body weight (±15%) at screen-
ing. Women of childbearing potential had to have a negative 
pregnancy test at screening on day −1, and had to use a highly 
effective method of contraception. Pregnant or breastfeed-
ing women were ineligible, as were subjects with a history of 
renal and/or liver transplant. Subjects with a history or clinical 

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Similar PK profiles and no tolerability issues were observed in patients with SRFI and 
control subjects following single-dose administration of 25 mg daridorexant.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
In clinical practice, the same dose of daridorexant can be administered to patients 
with insomnia with or without any degree of renal function impairment.
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evidence of any disease or the existence of any surgical or 
medical condition with a potential to interfere with the ADME 
of the study drug (except if related to renal impairment) were 
not enrolled in the study. Patients with renal impairment could 
continue taking their regularly prescribed medications un-
less they might reasonably influence results of the trial (e.g., 
CYP3A4 inhibitors and inducers). All subjects were not per-
mitted to take any creatinine supplements from screening until 
the end-of-study visit (EOS).

Study conduct

Following screening assessments, subjects were admitted to the 
study center on day −1 and were administered a single dose 
of daridorexant 25 mg in the morning on day 1 in the fasted 
condition, which was followed by a 24-h observation period. 
Selection and enrollment of individually matched control sub-
jects (group A) was performed after the corresponding subject 
with SRFI (in group B) had completed the EOS. The EOS took 
place 72 h after dosing for patients with renal impairment (48 h 
postdose for control subjects). A dose of 25 mg daridorexant 
was selected as it represented the mid-range dose investigated 
in the phase III studies (i.e., 10, 25, and 50 mg were evaluated).

PK assessments

Blood samples for the measurement of daridorexant were 
collected into potassium EDTA-containing tubes from an 
indwelling catheter or by direct venipuncture predose and 
at scheduled intervals up to 48 h (further PK samples were 
collected at 60 and 72 h postdose to ensure appropriate char-
acterization of daridorexant PKs in patients with SRFI). For 
determination of total and free (unbound) daridorexant con-
centration in plasma, samples were taken at 1 and 3 h post-
dose (i.e., range covering the expected Tmax).

Plasma concentrations of daridorexant were measured 
using a validated liquid chromatography coupled to tan-
dem mass spectrometry (LC-MS/MS) assay. Details thereof 
have previously been published.8 The limit of quantification 
(LOQ) was 0.5 ng/ml with the method covering a range up to 
2000 ng/ml. In the present study, the interbatch precision was 
less than or equal to 7.8%, whereas the accuracy was in the 
range from 0.1% to 6.3%.

The unbound fraction (Cu/C) of daridorexant in plasma 
was determined using equilibrium dialysis followed by anal-
ysis of both compartments.19 The slightly adapted validated 
LC-MS/MS method was linear in the concentration range 
of 0.1–400 ng/ml with an LOQ of 0.1 ng/ml. In the present 
study, the performance of the method was characterized by 
interbatch precision less than or equal to 3.3% and interbatch 
accuracy in the range from −1.6% to 4.7%.

PK parameters of daridorexant were obtained by non-
compartmental analysis using Phoenix WinNonlin (version 
8.0; Certara, Princeton, NJ, USA). The measured individ-
ual plasma concentration was used to directly obtain maxi-
mum plasma concentration (Cmax) and Tmax. Area under the 
plasma concentration-time curve (AUC) from time zero to 
infinity (AUC0−inf) was calculated by combining AUC from 
zero to time of the last measured concentration above the 
LOQ (AUC0−t) according to the linear trapezoidal rule and 
AUC representing an extrapolated value obtained by Ct/λz 
(AUCextra), where Ct was the last plasma concentration mea-
sured above the LOQ and λz represented the terminal elim-
ination rate constant determined by log-linear regression 
analysis of the measured plasma concentrations of the ter-
minal elimination phase. The t½ was calculated as follows: 
t½ = ln(2)/λz. Concentrations that were below the LOQ were 
entered as zero and included as such in the calculation of 
means. For plasma protein binding, Cu/C was expressed as 
a percentage.

The PK parameters Cmax, AUC, apparent plasma clear-
ance (CL/F), apparent volume of distribution (Vz/F), and t½ 
were summarized using geometric means (GMs) and their 
two-sided 95% confidence interval (CI). Median and range 
values were used for Tmax. PK parameters were compared be-
tween both groups based on geometric mean ratios (GMRs) 
of group B/group A and their 90% CIs. Differences between 
treatments for Tmax were explored using the nonparametric 
Wilcoxon signed rank test and Hodges-Lehmann estimates of 
the median of differences and their 90% CIs. Due to the ex-
ploratory nature of the study, the sample size of eight subjects 
per group was based on empirical considerations, which was 
also supported by a precision estimate approach based on the 
variables of AUC and Cmax from a former study.12

Safety and tolerability assessments

The safety and tolerability of the study drug were evalu-
ated throughout the study on the basis of reported adverse 
events (AEs), and the results of physical examination, and 
the assessment of body weight, vital signs (blood pressure 
and pulse rate), 12-lead ECGs, and clinical laboratory tests 
(hematology, clinical chemistry, coagulation, and urinalysis) 
and were analyzed descriptively.

RESULTS

Disposition and demographics

Due to the coronavirus disease 2019 (COVID-19) outbreak, 
and in line with the various measures and recommendations 
put in place to limit the spread of the virus and dedicate 



      |  2135RENAL IMPAIRMENT STUDY WITH DARIDOREXANT

healthcare resources to managing patients with COVID-19, 
only seven control subjects were recruited into the study. All 
15 enrolled subjects (8 men and 7 women)—eight patients 
with SRFI and seven matched control subjects—completed 
the study as per protocol. Demographic variables were over-
all similar between control subjects and patients with SRFI 
based on mean (SD) age (63.0  years [10.0] vs. 63.5  years 
[13.3]) and BMI (24.0 kg/m2 [2.1] vs. 24.7 kg/m2 [3.0]). All 
patients with SRFI reported intake of concomitant medica-
tions to treat their renal condition and associated diseases, 
whereas one control subject reported intake of concomitant 
medication (levothyroxine).

Pharmacokinetics

The plasma concentration-time profiles of daridorexant were 
virtually superimposable in control subjects and in patients 
with SRFI (Figure  1). After single-dose administration of 
25  mg daridorexant, plasma concentrations in control sub-
jects (group A) were characterized by a GM (95% CI) Cmax 
of 794  ng/ml (445–1417), a median Tmax of 0.75  h (range 

0.50–3.00), and an AUC0-inf of 6223 ng·h/ml (2780–13,931; 
Table  1). A larger than anticipated variability in AUC0-inf 
was observed in group A and was caused by one subject 
with an AUC0-inf value of 20,613 ng·h/ml. In addition, t½ was 
11.4 h (7.6–17.1), CL/F was 4.01 L/h (1.79–8.99), and a Vz/F 
of 65.9 L (43.8–99.1) was observed. In patients with SRFI 
(group B) an almost unchanged Cmax (GMR [90% CI]: 0.94 
[0.60–1.46]), Tmax (median difference [90% CI]: −0.25  h 
[−0.75 to 0.25]), and t½ (0.99 [0.66–1.48]) was measured. An 
increase in AUC0-inf by 1.16-fold (0.63–2.12) was observed 
in group B compared to group A, whereas the corresponding 
CL/F and Vz/F decreased by 13% (0.47–1.59) and 15% (0.64–
1.15), respectively.

No difference in daridorexant plasma protein binding was 
measured between healthy subjects and patients with SRFI 
with Cu/C ranging from 0.20% to 0.24%.

Safety and tolerability

The most common AE was fatigue, which was reported 
in three patients with SRFI (3/8 [37.5%]) and two control 

F I G U R E  1   Plasma concentration-time profile of daridorexant in control subjects (group A) and in patients with severe renal function 
impairment (SRFI) on linear scale (on semi-logarithmic scale in inset). The concentration data were obtained after administration of a single oral 
dose of 25 mg and are presented as mean ± SD
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subjects (2/7 [28.6%]), all mild in intensity. Further AEs of 
somnolence (moderate intensity) and dry mouth (mild in-
tensity) were reported in control subjects on one occasion 
each (1/7 [14.3%]). All AEs were considered by the inves-
tigator to be related to the pharmacological activity of the 
study treatment and resolved without sequelae at the EOS. 
There were no deaths, serious AEs, or study discontinua-
tions. Comparison of baseline values of hematology, clinical 
chemistry, coagulation, urinalysis, ECG, and vital sign as-
sessments with those following daridorexant administration 
showed no treatment effect on these variables.

DISCUSSION
The objectives of this study were to evaluate the PKs, tol-
erability, and safety of daridorexant in patients with severe 
renal impairment in comparison to control subjects to be able 
to judge whether dose adjustments might be necessary in 
patients with renal impairment. Although the final individu-
ally matching control subject was not recruited, the study is, 
nonetheless, from a statistical view considered conclusive 
and valid, as the number of subjects enrolled in both groups 
was sufficient to ensure precise estimation of the relevant PK 
parameters of daridorexant.16

PK results in control subjects in this study were within 
the range of variability observed in other studies, in which a 
single oral dose of 25 mg daridorexant was administered to 
a similarly aged population.11,12,20 An apparent explanation 
for the outlier in group A could not be determined as noth-
ing out of the ordinary in terms of demographic character-
istics, medical history, and clinical laboratory variables was 
evident, whereas there was no concomitant intake of other 
drugs. The inherent variability of expression and function of 
CYP3A4, both intra- and interindividually, is considered a 
possible explanation.21,22

In patients with SRFI, Cmax and t½ were virtually iden-
tical compared with control subjects, whereas median Tmax 
was 0.75 h in both groups. A slightly lower CL/F (by 13%) 
and Vz/F (by 15%) in patients with SRFI was evident, and 
AUC0-inf was increased 1.16-fold compared to control 
subjects. Based on the results of the ADME study, which 
showed excretion of daridorexant and its major metabo-
lites mainly via the liver, it was not unexpected that the 
effects of renal impairment on exposure to daridorexant 
were limited.8,14

Renal impairment has been shown to impact the extent of 
plasma protein binding of a multitude of different drugs.15,23 
In accordance with previous in vitro and clinical studies, 
daridorexant was confirmed to be highly bound to plasma 
proteins (>99%). Herein, no effect of SRFI on concentrations 
of unbound daridorexant could be determined.

In the present study, the safety profile of daridorexant was 
similar to previous observations.5,8,11–13,20 Administration 
of daridorexant was well tolerated in all individuals and no 
safety concern related to the administration of daridorexant 
was raised.

In conclusion, although limited by the small sample 
size and by the fact that the enrolled individuals were not 
patients with sleep disorders, these results show that darid-
orexant can be used to treat patients suffering from insomnia 
independently of their renal function without the need for 
dose adjustment. Based on the observed dose-proportional 
increase of Cmax and AUC in the anticipated clinical dose 
range of 25–50 mg, the conclusions regarding dosing recom-
mendations from this renal PK study conducted with 25 mg 
daridorexant are also applicable to the administration of dari-
dorexant in the specified dose range.8 Furthermore, dialysis 
is not expected to influence the PKs of daridorexant in view 
of the drug’s high plasma protein binding.

T A B L E  1   Summary of pharmacokinetic variables of daridorexant administered as single oral dose of 25 mg to control subjects (N = 7) and 
patients with SRFI (N = 8)

Control subjects
(Group A, N = 7)a 

Patients with SRFI
(Group B, N = 8)a 

Ratio of geometric 
means (90% CI), B/Ab 

Cmax, ng/ml 794 (445–1417) 744 (573–965) 0.94 (0.60–1.46)

Tmax, h 0.75 (0.50–3.00) 0.75 (0.50–1.50) −0.25 (−0.75–0.25)

AUC0-t, ng·h/ml 5783 (2741–12,199) 7000 (5136–9541) 1.21 (0.69–2.12)

AUC0-inf, ng·h/ml 6223 (2780–13,931) 7192 (5138–10,068) 1.16 (0.63–2.12)

t½, h 11.4 (7.57–17.1) 11.2 (7.74–16.3) 0.99 (0.66–1.48)

CL/F, L/h 4.01 (1.79–8.99) 3.48 (2.48–4.87) 0.87 (0.47–1.59)

Vz/F, L 65.9 (43.8–99.1) 56.2 (49.1–64.3) 0.85 (0.64–1.15)

Abbreviations: AUC0-inf, area under the plasma concentration-time curve from zero to infinity; AUC0-t, area under the plasma concentration-time curve from zero 
to time t of the last measured concentration above the limit of quantification; CI, confidence interval; CL/F, apparent total plasma clearance; Cmax, maximum 
plasma concentration; SRFI, severe renal function impairment; t½, terminal half-life; Tmax, time to reach maximum plasma concentration; Vz/F, apparent volume of 
distribution.
aData are presented as geometric mean (95% CI) except for Tmax: median (range).
bData are presented as geometric mean ratios (B/A; 90% CI) except for Tmax: median difference (B-A; 90% CI).
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