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Abstract
Background and Objective  There is no licensed treatment for refractory chronic cough; off-label therapies have limited 
efficacy and can produce adverse effects. Excessive adenosine triphosphate signaling via P2X3 receptors is implicated in 
refractory chronic cough, and selective P2X3 receptor antagonists such as eliapixant (BAY 1817080) are under investiga-
tion. The objective of the study was to investigate the safety and tolerability of ascending repeated oral doses of eliapixant 
in healthy volunteers.
Methods  We conducted a repeated-dose, double-blind, randomized, placebo-controlled study in 47 healthy male individuals. 
Subjects received repeated twice-daily ascending oral doses of eliapixant (10, 50, 200, and 750 mg) or placebo for 2 weeks. 
The primary outcome was frequency and severity of adverse events. Other outcomes included pharmacokinetics and evalu-
ation of taste disturbances, which have occurred with the less selective P2X3 receptor antagonist gefapixant.
Results  Peak plasma concentrations of eliapixant were reached 3–4 h after administration of the first and subsequent doses. 
With multiple dosing, steady-state plasma concentrations were reached after ~ 6 days, and plasma concentrations predicted 
to achieve ≥ 80% P2X3 receptor occupancy (the level required for efficacy) were reached at 200 and 750 mg. Increases in 
plasma concentrations with increasing doses were less than dose proportional. After multiple dosing, mean plasma concen-
trations of eliapixant showed low peak–trough fluctuations and were similar for 200- and 750-mg doses. Eliapixant was well 
tolerated with a low incidence of taste-related adverse events.
Conclusions  Eliapixant (200 and 750 mg) produced plasma concentrations that cover the predicted therapeutic threshold 
over 24 h, with good safety and tolerability. These results enabled eliapixant to progress to clinical trials in patients with 
refractory chronic cough.
Clinical Trial Registration  Clinicaltrials.gov: NCT03310645 (initial registration: 16 October, 2017).

Plain Language Summary
There are few effective treatments for patients with a long-term (chronic) cough. It is thought that chronic cough is caused 
by nerves becoming oversensitive, wrongly causing a cough when there is no need. We tested a new drug called eliapixant 
in 47 healthy men. Eliapixant reduces the excessive nerve signaling responsible for chronic cough. We looked for side effects 
of eliapixant and measured how it behaves in the body. In particular we looked for side effects relating to the sense of taste 
because gefapixant, a similar drug to eliapixant, can affect taste. Participants took one of four eliapixant doses or a placebo 
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twice daily for 2 weeks. The highest levels of eliapixant in the blood were seen 3–4 h after taking the drug, and stable con-
centrations were seen after about 6 days. At the two highest doses, eliapixant reached concentrations in the body that should 
be high enough to work in patients with chronic cough. Side effects were generally similar between eliapixant and placebo. 
Taste-related side effects were mild and went away without needing treatment. The positive results of this study meant that 
eliapixant could be tested in patients with chronic cough.

Graphical abstract

This graphical abstract represents the opinions of the authors. For a full 
list of declara
ons, including funding and author disclosure 
statements, please see the full text online. © The authors, CC-BY-NC 
2022. 
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Key Points 

Higher doses of eliapixant led to plasma concentrations 
predicted to achieve at least 80% P2X3 receptor occu-
pancy, the predicted threshold required for efficacy.

Eliapixant was well tolerated at all doses investigated. 
Taste-related adverse events were infrequent and mild in 
severity.

Based on the results of this study, clinical development 
of eliapixant was progressed to include patients with 
refractory chronic cough.

1  Introduction

Adenosine triphosphate (ATP) signaling occurs via puriner-
gic P2 receptors, designated P2X [1, 2]. P2X receptor subu-
nits (P2X1–P2X7) occur as homotrimers (e.g., P2X3) and 
heterotrimers (e.g., P2X2/3) [1–3]. Excessive ATP signaling 
via P2X3 receptors has been implicated in many disorders, 
including refractory chronic cough (RCC), endometriosis, 
overactive bladder (OAB), and diabetic neuropathic pain 
[4–10]. The P2X2/3 heterotrimer is an important mediator 
of taste sensation [11–13].

Refractory chronic cough is defined as cough persisting 
for 8 weeks or longer despite investigation and treatment 
according to guidelines [14]. Up to 40% of patients attending 
respiratory or specialist cough clinics report RCC [15–17]. 
Chronic cough produces numerous physical, psychologi-
cal, and psychosocial morbidities [14, 18, 19]. There is no 
licensed treatment for RCC, and off-label therapies have 
unsatisfactory efficacy and tolerability, highlighting a need 
for new treatments [14]. The importance of P2X3 recep-
tor pathways in RCC was first highlighted by clinical trials 
of gefapixant [10, 20–23]. Gefapixant is an antagonist at 
the P2X3 homotrimer and the P2X2/3 heterotrimer, with 
half-maximal inhibitory concentrations (IC50) of 153 nM for 
P2X3 and 220 nM for P2X2/3 in patch clamp studies [24].

In phase III trials, gefapixant 45 mg twice daily (BID) 
reduced awake cough frequency by 18% vs placebo at week 
12 and by 15% vs placebo at week 24, but was associated 
with taste-related adverse events (AEs), mainly dysgeusia 
[23, 25], attributed to P2X2/3 receptor blockade [10, 20–22].

A selective P2X3 receptor antagonist could have thera-
peutic potential in RCC, with less risk of taste disturbances 
from P2X2/3 receptor blockade. Eliapixant (BAY 1817080) 

is a potent P2X3 receptor antagonist with in vitro IC50 values 
of 8–10 nM and 129–163 nM for P2X3 and P2X2/3 recep-
tors, respectively [26], representing approximately 20-fold 
selectivity for P2X3 over P2X2/3 receptors.

A single-dose, first-in-human (FiH) study of eliapixant 
in healthy volunteers was performed using an immediate-
release tablet formulation (NCT02817100; unpublished 
data, Bayer AG, Berlin, Germany). The results showed 
food-dependent and non-dose-linear pharmacokinetics with 
a time to reach maximum observed drug concentration of 
1.5–3 h and a terminal half-life (t½) of 24–59 h. Greater 
exposure of eliapixant was observed in a fed vs fasting state 
(4.1-fold increase in maximum observed drug concentration 
[Cmax] and 2.7-fold increase in area under the plasma con-
centration–time curve [AUC]). Exposure was less than dose 
proportional in the fed state (across the 10–800 mg dose 
range) and the fasted state. Eliapixant had minimal effects 
on taste perception.

The FiH study was followed by a two-part phase I/IIa 
study (NCT03310645). Here, we report the phase I study 
part, which investigated the pharmacokinetics, taste altera-
tions, safety, and pharmacodynamics of multiple doses of 
eliapixant in healthy subjects. The phase IIa part in patients 
with RCC demonstrated that eliapixant at doses ≥ 50 mg 
BID significantly reduced cough frequency and severity 
and was well tolerated with acceptable rates of taste-related 
events, showing target engagement and indicating that P2X3 
and not P2X2/3 is a relevant receptor for treating RCC [27]. 
The results also suggested the likely dose range in other 
potential indications. Eliapixant is undergoing phase II trials 
in other conditions including endometriosis (NCT04614246) 
and OAB (NCT04545580; EudraCT 2019-002575-34).

2 � Methods

2.1 � Study Design and Participants

This repeated-dose, double-blind, randomized, placebo-con-
trolled, dose-escalation study was conducted at a UK clinical 
pharmacology unit. Healthy male individuals aged 18–45 
years with a body mass index of 18–30 kg m–2 were eligible.

2.2 � Outcomes

The primary outcome was the frequency and severity of 
AEs. Other outcomes included pharmacokinetic assess-
ments, taste assessments, and pharmacodynamic evaluation 
by an exploratory ATP cough challenge test.



1146	 C. Friedrich et al.

2.3 � Pharmacokinetic Model Simulations 
for Selection of Doses

The current study used the same immediate-release tablet 
formulation as the FiH study. Based on the FiH results, a 
population pharmacokinetic model for multiple dosing of 
eliapixant was parameterized (see the Electronic Supple-
mentary Material [ESM]). In silico simulated doses and dos-
ing regimens were selected to achieve trough plasma drug 
concentrations (Ctrough) producing the following levels of 
P2X3 receptor occupancy (RO): RO > 20 and < 50% at the 
typical Ctrough with the lowest dose of eliapixant; RO > 50 
and < 80% at the typical Ctrough with the second dose; RO 
> 80% at the typical Ctrough with the third dose; RO > 80 for 
≥ 90% of the population with the highest dose.

Receptor occupancy > 80% is the expected threshold for 
efficacy based on preclinical studies in which RO of > 80% 
with P2X3 inhibitors was needed to obtain strong significant 
effects on complete Freund’s adjuvant-induced hyperalge-
sia in rats (unpublished data, Bayer AG, Berlin, Germany). 
Percentage RO was calculated based on the IC50 value of 
10 nM for eliapixant for blocking human homomeric P2X3 
receptors in an in vitro whole-cell manual patch clamp assay 
(unpublished data, Bayer AG, Berlin, Germany). To achieve 
RO > 80% in humans, an unbound minimum target plasma 
eliapixant concentration of 19 µg L–1 was obtained from the 
IC50 of 10 nM. Given a mean fraction of eliapixant unbound 
to human plasma of 13.5%, the calculated total minimum 
plasma concentration required for RO > 80% is 141 µg L–1 
(unpublished data, Bayer AG, Berlin, Germany).

The in silico simulation used the planned dosing regimen 
for healthy volunteers: each dose was given for 14 days, 
three times on day 1 and BID from day 2 onwards. Based on 
the simulations, 10, 50, 200, and 750 mg were selected as 
loading and maintenance doses to cover the linear range of 
the concentration–effect relationship including its expected 
plateau at higher doses. The model-predicted exposure in 
healthy volunteers is shown in Fig. 1.

2.4 � Procedures

Subjects were randomized into four cohorts. Each cohort 
contained up to nine subjects receiving repeated doses of 
eliapixant (10, 50, 200, and 750 mg) BID and three receiv-
ing placebo for 2 weeks. These numbers, giving a total of 
48 subjects, were considered sufficient to fulfill the study 
objectives. For further details of randomization and blind-
ing, see the ESM.

Treatment with each next higher dose level of eliapixant 
was carried out only after safety, tolerability, and pharma-
cokinetic assessment of all previous dose levels. Eliapix-
ant or placebo was administered three times on day 1 as 
a loading dose, BID from day 2 until day 12, and once on 

day 13. Study treatment was given within 30 min after 
the start of a meal. Blood samples for pharmacokinetic 
analyses were taken every 15–240 min for the first 12 h 
on day 0 and then once on days 1–4, 6, 8, 10, and 11. On 
day 12, two samples were taken at 12-h intervals with two 
additional samples at 2-h intervals after the last sample. 
On day 13, samples were taken every 15–240 min for the 
first 12 h, followed by once daily on days 14–16, 18, and 
20. All samples were stored at − 25 ± 5 °C and analyzed 
within 33 weeks. Eliapixant in plasma was analyzed using 
fully validated high-pressure liquid chromatography and 
tandem mass spectrometry. Concentrations of eliapixant 
were determined after protein precipitation with acetoni-
trile/2 mM ammonium acetate containing 0.1% formic 
acid, including an internal standard ([13C6] eliapixant) 
followed by liquid chromatography and tandem mass 
spectrometry. The calibration range was from 1.00 μg L–1 
(lower limit of quantification) to 4000 μg L–1 (upper limit 
of quantification). Quality control samples ranged from 
3.00 to 3000 μg L–1 and were determined with an accuracy 
of 94.2–97.7% and a precision of 4.8–10.2%.

The main pharmacokinetic parameters assessed were 
the maximum observed drug concentration after multiple 
dosing and AUC from time 0–12 h with multiple dosing. 
Additional parameters included AUC from time 0–12 h  
(AUC​(0–12)) and Cmax for the first dose, time to reach maxi-
mum observed drug concentration for the first dose and after 
multiple dosing, t½, AUC from time 0 to the last data point 
and peak–trough fluctuation for multiple dosing, accumula-
tion ratios calculated from AUC​(0–12) after multiple dosing 
compared with the first dose; and accumulation ratios cal-
culated from Cmax after multiple dosing and Cmax during 
planned times after the first dose.

Taste assessments were performed using taste strips and a 
dysgeusia questionnaire. Taste strips (Burghart Messtechnik 
GmbH, Wedel, Germany) were used pre-dose and before 
breakfast on days 3 and 13, and assessed sweet, sour, salty, 
and bitter taste perception using strips with ascending con-
centrations of sucrose, citric acid, sodium chloride, and 
quinine hydrochloride, respectively. The strips were placed 
one at a time in a random order on the anterior third of 
the subject’s tongue. Subjects were asked to describe the 
taste by choosing one of five descriptors (sweet, sour, salty, 
bitter, no taste). The number of correctly identified tastes 
was summed to produce a taste score. No food intake was 
allowed before the test. These strips have been validated in 
the literature [28, 29] and by the sponsor (unpublished data, 
Bayer AG, Berlin, Germany). The dysgeusia questionnaire 
was conducted after lunch pre-dose and on days 3 and 13 
by asking subjects about the presence of qualitative taste 
impairments, such as metallic taste or permanent bitter, sour, 
salty, or sweet taste.
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Safety and laboratory assessments included AEs, serious 
AEs, intensity of AEs, possible relationship to study medi-
cation, management of AEs, and outcome of AEs. Adverse 
events were analyzed using Medical Dictionary for Regula-
tory Activities preferred terms.

For the pharmacodynamic evaluation, ATP inhalation 
cough challenge tests were performed pre-dose and on 
day 13 using nebulized ATP solutions in concentrations 
of 0.125–512 mg mL–1. Cough frequency was monitored 
with a VitaloJAK cough recorder. Subjects inhaled doubling 
concentrations of ATP until the maximum tolerated dose 
was achieved. Adenosine triphosphate concentrations that 
induced at least two coughs and at least five coughs within 
15 seconds after ATP inhalation were noted.

2.5 � Statistical Analysis

Sample size for dose escalation was not based on statistical 
calculations. As usual for this type of study, sample size 
was based on experience from previous multiple-dose-esca-
lation studies for other compounds. A sample size of 12 

participants at each dose step (eliapixant, n = 9; placebo,  
n = 3, with placebo patients pooled for statistical evaluation) 
was considered sufficient to detect safety risks associated 
with eliapixant and to fulfill the objectives of the study.

Summary statistics are presented per dose step for sub-
jects treated with eliapixant, and for all subjects treated with 
placebo pooled from the different dose steps. Pharmacoki-
netic parameters were calculated using WinNonlin version 
5.3 on all subjects receiving active therapy. Summary sta-
tistics for pharmacokinetic parameters included geometric 
mean, coefficient of variation, and range. Geometric mean 
concentration–time curves for all analytes were plotted for 
each dose and placebo using a semi-logarithmic scale.

Overall taste score and its differences from baseline were 
analyzed using descriptive statistics by dose group. Point 
estimates and 95% confidence intervals for the mean differ-
ence from baseline were determined for each dose group. 
Reductions in taste score indicate worsening of subjects’ 
ability to identify different taste qualities and taste intensi-
ties. Further information on study design is available in the 
ESM.
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Fig. 1   Model-based predicted typical exposure for healthy volunteers, 
compared with the exposure observed with a single dose of 800 mg 
administered after a high-fat/high-calorie breakfast (black solid line), 
shown in relation to three levels of inhibitory concentration (IC). Day 
0: maintenance dose twice daily (BID), day 1: loading dose three 
times daily (0, 6, 12 h), days 2–13: maintenance dose BID. Upper 

left (dose level 1): 10 mg as a loading and maintenance dose. Upper 
right (dose level 2): 50 mg as a loading and maintenance dose. Lower 
left (dose level 3): 200 mg as a loading and maintenance dose. Lower 
right (dose level 4): 750 mg as a loading and maintenance dose. 
Dashed horizontal lines indicate ICs for 20, 50, and 80% of receptors 
(IC20, IC50, IC80; the latter is the expected threshold for efficacy)
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3 � Results

3.1 � Participants

Between 7 December, 2017 and 5 July, 2018, 148 subjects 
were screened. In total, 101 did not complete screening and 
were excluded: 99 because of screening failure, one because 
laboratory results were not available, and one subject with-
drew. The most common causes of failure were inability 
to taste the taste strips (24 subjects) and failure to cough 
on ATP inhalation (17 subjects). In total, therefore, 47 sub-
jects were randomized: nine each to eliapixant 10, 50, and  
200 mg, eight to eliapixant 750 mg, and 12 to placebo 
(Fig. 2). One subject in the eliapixant 200-mg group dis-
continued because of an AE (see Safety section) and one 
subject in the placebo group withdrew for personal reasons. 
Therefore, 45 subjects completed the study, although all 47 
completed a follow-up assessment (Fig. 2) and the trial was 
completed according to protocol.

The safety analysis set included all 47 subjects, and the 
per-protocol set in which taste score was assessed comprised 
the 45 subjects who completed the study. The ATP cough 
challenge was performed in a modified per-protocol set  
(n = 40; one subject dropped out of the study and six had 
missing or invalid data). The pharmacokinetics set included 
34 subjects (all subjects receiving the active drug completed 
the study, except for one receiving eliapixant 200 mg).

Baseline demographics and characteristics were generally 
similar between treatment groups (Table 1). Most subjects 
were white (85%) with a mean (standard deviation) age of 
30.6 (7.1) years. Baseline demographics and characteristics 
of the per-protocol set (Table S1 of the ESM), modified per-
protocol set (Table S2 of the ESM), and pharmacokinetics 
set (Table S3 of the ESM) were comparable with the safety 
analysis set.

3.2 � Pharmacokinetic Analyses

For each of the four dosages, peak plasma concentrations 
of eliapixant were reached 3–4 h after administration of the 
first dose (Fig. 3a) and after the last dose. With multiple dos-
ing, steady-state plasma concentrations were reached after 
approximately 6 days, and plasma concentrations predicted 
to achieve ≥ 80% P2X3 RO were reached with the 200- and 
750-mg doses, as predicted by the pharmacokinetic model 
(Fig. 3b). Plasma t½ of eliapixant (52–78 h) was similar for 
all dose regimens (Fig. S1 of the ESM).

Pharmacokinetic parameters for the first dose and after 
multiple dosing are shown in Table 2. Plasma concentra-
tions increased with increasing dose but were less than dose 
proportional and, after multiple dosing, were comparable 
for the 200- and 750-mg doses. Accumulation ratios of elia-
pixant ranged from 4.39 to 4.78 for AUC and from 3.00 to 
3.15 for Cmax. Peak–trough fluctuation of plasma eliapixant 
concentrations after multiple dosing was low, from a mean 
(coefficient of variation) of 28.1% (44.1%) to 44.1% (21.9%).

3.3 � Taste Assessment

Changes from baseline to days 3 and 13 in the overall taste 
score with eliapixant ranged from + 0.4 to − 1.6, with no 
clear dose relationship (Fig. 4; Table S4 of the ESM). For 
the 750-mg dose, this change was nominally significant at 
day 13 (95% confidence interval − 3.23, − 0.018). With 
placebo, the changes ranged from − 0.3 to − 0.8. No clini-
cally relevant changes were observed in sensation of the 
individual taste qualities (sweet, sour, salty, or bitter), with 
mean changes from baseline for eliapixant from + 0.6 to 
− 1.1 compared with + 0.3 to − 0.5 for placebo (Table S5 
of the ESM). On the taste questionnaire, only one subject 
(14%) in the eliapixant 200-mg group reported dysgeusia (a 

Fig. 2   Subject disposition. 
aPremature termination of 
eliapixant (n =1). Raised liver 
function tests associated with 
Epstein–Barr virus infection, 
not considered related to the 
study drug. Resolved after drug 
discontinuation. bPremature 
termination of placebo (n =1). 
Withdrawal by subject (personal 
reasons)

Screening failures (n = 99)
Subject withdrawal (n = 1)

Laboratory results not available (n = 1)

Enrolled (n = 148)

Randomized (n = 47)

Eliapixant 10 mg (n = 9)
Placebo (n = 3)

Eliapixant 50 mg (n = 9)
Placebo (n = 3)

Eliapixant 200 mg (n = 9)
Placebo (n = 3)

Eliapixant 750 mg (n = 8)
Placebo (n = 3)

Completed (n = 12) Completed (n = 12) Completed (n = 11)a Completed (n = 10)b

All subjects had follow-up assessment:
Eliapixant (n = 35)
Placebo (n = 12)
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continuously sour taste in the mouth) on day 13, which was 
mild in intensity and resolved by day 29.

3.4 � Safety

Adverse events occurred in seven (78%), six (67%), five 
(56%), six (75%), and nine subjects (75%) with eliapixant 
10 mg, 50 mg, 200 mg, 750 mg, and placebo, respectively 
(Table 3). The majority of AEs were mild in intensity and 
the most common were headache (30%), medical device 
site rash (11%), and dysgeusia (9%) in the overall popula-
tion. None of the dysgeusia events reported was recorded as 
bothersome to the subject, and the incidence of dysgeusia 
in the eliapixant groups combined (3/35 subjects; 9%) was 
similar to that in the placebo group (1/12 subjects; 8%). With 
eliapixant, the three dysgeusia events were sour taste in two 
subjects in the 200-mg group, lasting for 2 h and 16 days, 
respectively, and metallic taste in a subject in the 750-mg 
group, lasting for 30 min. All taste-related AEs were mild 
and resolved by the end of the study without treatment.

No severe AEs, serious AEs, or AEs leading to death 
were reported in the study. One subject was withdrawn 
from the 200-mg group because of raised liver func-
tion tests associated with Epstein–Barr virus infection, 
not considered related to the study drug, which resolved 
after drug discontinuation. No other clinically significant 
changes in laboratory parameters or assessments or vital 
signs were reported.

3.5 � ATP Cough Challenge Test

Treatment with eliapixant (all doses over 2 weeks) had no 
apparent effects on the results of the ATP cough challenge 
test. Before treatment, median (range) cough counts at the 
highest ATP concentration were 15 (5–38), 19 (8–23), 10 
(2–44), 8 (0–16), and 13 (0–34) in the eliapixant 10-, 50-, 
200-, 750-mg, and placebo arms, respectively. After treat-
ment, median cough counts were 18 (6–36), 14 (4–28), 13 
(3–35), 9 (0–23), and 11 (0–28), respectively. Further results 
for this test are shown in Table S6 of the ESM.

4 � Discussion

This study investigated the pharmacokinetics, potential 
for taste alterations, safety, and pharmacodynamics of 
ascending repeated doses of eliapixant in healthy male 
individuals. Peak plasma concentrations of eliapixant were 
recorded after 3–4 h for all doses. The 200- and 750-mg 
doses achieved plasma concentrations predicted to achieve 
≥ 80% P2X3 RO, which preclinical studies suggested is 
required for efficacy (unpublished data, Bayer AG, Ber-
lin, Germany). Preclinical data suggest that the concen-
tration required to reach ≥ 80% RO is approximately 20 
times higher for P2X2/3 receptors, which are important in 
mediating taste sensation [11–13], than for P2X3 receptors 
(unpublished data, Bayer AG, Berlin, Germany).

Table 1   Baseline demographics 
and characteristics of subjects 
(safety analysis set)

Percentages may not add to 100% because of rounding
BMI body mass index, SD standard deviation

Eliapixant Placebo
n = 12

Total
n = 47

10 mg
n = 9

50 mg
n = 9

200 mg
n = 9

750 mg
n = 8

Sex, n (%)
 Male 9 (100) 9 (100) 9 (100) 8 (100) 12 (100) 47 (100)

Race, n (%)
 Asian
 Black/African American
 White

0
2 (22)
7 (78)

1 (11)
0
8 (89)

1 (11)
0
8 (89)

0
1 (13)
7 (88)

0
2 (17)
10 (83)

2 (4)
5 (11)
40 (85)

Age, years
 Mean (SD)
 Range

31.0 (7.0)
19–43

30.0 (7.0)
22–38

30.6 (7.2)
22–39

30.9 (7.4)
20–41

30.7 (8.1)
19–43

30.6 (7.1)
19–43

BMI, kg m–2

 Mean (SD) 26.4 (2.5) 25.5 (2.9) 25.9 (2.9) 24.8 (2.3) 25.3 (2.2) 25.6 (2.5)
Smoking history, n (%)
 Never
 Former

8 (89)
1 (11)

9 (100)
0

7 (78)
2 (22)

7 (88)
1 (13)

9 (75)
3 (25)

40 (85)
7 (15)

Concomitant medication, n (%) 3 (33) 4 (44) 4 (44) 4 (50) 3 (25) 18 (38)
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Absence of dose proportionality was shown by AUC​(0–12) 
and Cmax rising less than expected from the increase in dose, 
with little change between the 200- and 750-mg doses, and 
by the decreasing dose-normalized AUC​(0–12) values over 

the dosage range, consistent with the single-dose FiH study 
(unpublished data, Bayer AG, Berlin, Germany). Similar 
t½ values were observed after multiple doses in the current 
study as in the FiH study (unpublished data, Bayer AG, 

Fig. 3   Geometric mean 
(standard deviation) plasma 
concentrations of eliapixant 
over a 0–24 h and b day 0–day 
20 (semi-logarithmic scale). 
Upper horizontal line represents 
the concentration of eliapixant 
(141 μg L–1) predicted from 
preclinical/in vitro data to reach 
80% P2X3 receptor occupancy, 
the expected relevant threshold 
for efficacy (unpublished data, 
Bayer AG, Berlin, Germany). 
h hours, LLOQ lower limit 
of quantification (1 μg L–1), 
RO80 concentration required 
to achieve 80% P2X3 receptor 
occupancy
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Berlin, Germany), which is generally considered to indicate 
linear pharmacokinetics, although the AUC data suggest 
non-linear absorption. The pharmacokinetic results were in 
the expected range of the model predictions and supported 
use of the same doses (10, 50, 200, and 750 mg BID) for 
patients with RCC. In the RCC study, plasma concentrations 
of eliapixant increased between the 200- and 750-mg doses, 

although not proportionally to the increase in dose [27]. This 
difference between the RCC study and our results may be 
explained by the smaller sample size in the current study 
or by the more restrictive/standardized food conditions at 
the time of drug administration for the healthy volunteers 
compared with patients taking tablets at home.

Table 2   Pharmacokinetic parameters for the first dose and multiple dosing of eliapixant 10, 50, 200, and 750 mg (pharmacokinetic analysis set)

Data are geometric mean (% CV) [range] unless specified
AUC​(0–12) area under the concentration–time curve from time 0–12 h, AUC​(0–12)/D area under the concentration–time curve from time 0–12 h 
divided by dose, AUC​(0–tlast) area under the concentration–time curve from time 0 to the last data point, Cmax maximum observed drug concentra-
tion, CV coefficient of variation, PTF peak–trough fluctuation, RAAUC​(0–12) accumulation ratio for AUC​(0–12) after multiple dosing and AUC​(0–12) 
after the first dose, RACmax accumulation ratio for Cmax after multiple dosing and Cmax during planned times after the first dose, t½ half-life, tmax 
time to reach Cmax
a n = 7
b Median [range]

Eliapixant

10 mg
n = 8

50 mg
n = 9

200 mg
n = 8

750 mg
n = 8

First dose
AUC​(0–12), μg h L–1 101 (26) [62–136]a 298 (42) [132–518] 619 (37) [402–1319] 623 (36) [356–893]
AUC​(0–12)/D, h L–1 0.0101 (26) [0.0062–0.0136]a 0.0060 (42) [0.0026–0.0104] 0.0031 (37) [0.0020–0.0066] 0.0008 (36) [0.0005–0.0012]
Cmax, μg L–1 15.5 (24.5) [9.2–19.7] 47.0 (38.3) [22.2–81.4] 89.0 (26.1) [66.9–157.0] 93.5 (34.1) [50.4–134.0]
tmax

b, h 3.00 [1.00–8.00] 4.00 [0.52–6.03] 3.51 [1.00–6.02] 3.50 [1.00–6.00]
Multiple dosing
AUC​(0–12), μg h L–1 447 (12) [380–528] 1427 (38) [792–2331] 2715 (26) [2001–4133] 2927 (13) [2459–3500]
AUC​(0–12)/D, h L–1 0.0447 (12) [0.0380–0.0528] 0.0285 (38) [0.0158–0.0466] 0.0136 (26) [0.0100–0.0207] 0.0039 (13) [0.0033–0.0047]
AUC​(0–tlast), μg h L–1 2516 (26) [1851–3540] 8044 (53) [3755–15,441] 16,544 (23) [11,931–24,641] 15,931 (18) [12,943–20,887]
Cmax, μg L–1 46.6 (11.7) [37.3–52.9] 144.8 (30.3) [96.1–222.0] 267.3 (22.2) [191.0–384.0] 294.9 (16.9) [242.0–367.0]
tmax

b, h 3.00 [1.50–6.00] 3.00 [1.00–6.00] 3.50 [2.03–8.00] 3.00 [2.00–6.00]
t½, h 77.5 (48.0) [42.7–203.1] 56.5 (37.8) [28.6–92.2] 62.7 (28.2) [38.6–97.2] 51.8 (25.4) [33.3–69.9]
PTF, % 44.1 (21.9) [29.5–56.4] 35.8 (48.2) [19.8–82.4] 28.1 (44.1) [18.6–66.0] 35.5 (40.4) [18.1–52.7]
First/multiple dosing
RAAUC​(0–12) 4.53 (32.02) [3.14–8.49]a 4.78 (38.63) [3.04–10.06] 4.39 (31.57) [2.93–6.16] 4.70 (37.10) [2.75–8.09]
RACmax 3.01 (28.37) [2.27–5.56] 3.08 (32.83) [2.26–5.72] 3.00 (24.11) [2.09–4.24] 3.15 (29.26) [2.20–4.90]

Fig. 4   Mean change (standard 
error of the mean [SEM]) from 
baseline in overall taste score 
from taste strips
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A nominally significant reduction in the overall taste 
score (− 1.6 points) was observed at 13 days with eliapix-
ant 750 mg, but no adjustment for multiple testing was 
made, and the difference between this dose and placebo 
(mean reduction of 0.3 points) is not considered signifi-
cant. On the taste questionnaire, only one subject reported 
a continuous taste change. Importantly, all subjects were 
screened for their ability to taste the strips, and those who 
could not do so were excluded. Overall, the incidence of 
dysgeusia was low and similar between eliapixant (3/35 
subjects; 9%) and placebo (1/12 subjects; 8%). The taste-
related AEs seen with eliapixant were mild, and two of 
the three events were of short duration (0.5–2 h). The lack 
of clinically relevant effects of eliapixant on individual 
taste qualities in the taste strip test is therefore unsurpris-
ing. Studies of other P2X3 receptor antagonists have also 
reported taste-related AEs, although the results cannot be 
compared directly with ours because of differences in trial 
designs and populations. The frequency of taste distur-
bances appears to differ between normal volunteers and 
patients with chronic cough, possibly because the latter 
have vagal afferent hypersensitivity [30, 31]. The cur-
rent study cannot therefore be interpreted as predicting 

no excess taste effects in clinical studies of eliapixant. 
A single-dose study of gefapixant 100 mg in 12 healthy 
subjects reported dysgeusia in nine subjects (75%) and 
ageusia in six subjects (50%), compared with one subject 
(8%) each with placebo [20]. The frequency of dysgeusia 
with gefapixant in phase II trials varied from < 10% at 
7.5 mg to 88% at 600 mg [10, 20–22]. In phase III tri-
als, the frequency of taste-related AEs was 11–20% at 
15 mg BID and 58–69% at 45 mg BID, with dysgeusia 
in 7–12% and 34–43%, respectively [23]. Taste-related 
AEs with gefapixant have been attributed to effects on the 
P2X2/3 heterotrimer [24, 31]. The approximately 20-fold 
selectivity of eliapixant for P2X3 receptors, and its long 
terminal t½ leading to a low peak–trough fluctuation, may 
reduce taste-related AEs by maintaining therapeutic con-
centrations throughout the dosing period while avoiding 
excessive peak concentrations that could potentially block 
P2X2/3 heterotrimers. Two other P2X3 receptor antago-
nists under development, sivopixant and BLU-5937, have 
approximately 250-fold and 1000-fold selectivity for P2X3 
receptors over P2X2/3 receptors, respectively [32, 33]. In 
a randomized, double-blind, placebo-controlled, phase I 
study in 90 healthy subjects, BLU-5937 produced taste 

Table 3   Safety summary (safety 
analysis set)

AE adverse event
a Occurring in two or more subjects in the total population
b Mild laceration of the right hand. Laceration was not considered to be related to eliapixant treatment
c Mild laceration of the right big toe. Laceration was not considered to be related to eliapixant treatment
d See Results for explanation

n (%) Eliapixant Placebo
n = 12

Total
n = 47

10 mg
n = 9

50 mg
n = 9

200 mg
n = 9

750 mg
n = 8

AE
 Any 7 (78) 6 (67) 5 (56) 6 (75) 9 (75) 33 (70)
 Mild 6 (67) 5 (56) 4 (44) 4 (50) 8 (67) 27 (57)
 Moderate 1 (11) 1 (11) 1 (11) 2 (25) 1 (8) 6 (13)

Most frequent AEsa

 Headache 4 (44) 2 (22) 2 (22) 2 (25) 4 (33) 14 (30)
 Medical device site rash 0 1 (11) 1 (11) 2 (25) 1 (8) 5 (11)
 Dysgeusia 0 0 2 (22) 1 (13) 1 (8) 4 (9)
 Dry mouth 0 0 0 0 2 (17) 2 (4)
 Back pain 0 1 (11) 0 0 1 (8) 2 (4)
 Musculoskeletal pain 0 1 (11) 0 0 1 (8) 2 (4)
 Flatulence 0 1 (11) 1 (11) 0 0 2 (4)
 Skin laceration 0 1 (11)b 0 1 (13)c 0 2 (4)

Study drug-related AE
 Any 1 (11) 0 2 (22) 1 (13) 5 (42) 9 (19)
 Mild 1 (11) 0 2 (22) 1 (13) 4 (33) 8 (17)
 Moderate 0 0 0 0 1 (8) 1 (2)

AE leading to discontinua-
tion of study drug

0 0 1 (11)d 0 0 1 (2)
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AEs in 0–6% of subjects receiving doses of 50–100 mg  
compared with 25–63% at supra-therapeutic doses 
(400–1200 mg) [34]. Single ascending doses showed linear 
pharmacokinetics. The phase II RELIEF study of BLU-
5937 failed to achieve the primary endpoint of a reduction 
in awake cough frequency; a prespecified subgroup analy-
sis, however, demonstrated significant cough suppression 
in patients with a high baseline cough count [35, 36], and 
numerical improvements in cough severity and quality of 
life have been reported [37]. Positive data from the phase 
IIb SOOTHE study of BLU-5937 have been announced 
[38] but not yet presented. Sivopixant showed more than 
dose-proportional pharmacokinetics with multiple dosing 
in healthy male subjects. Taste disturbances were reported 
in 6.4% of patients with RCC at the 150-mg dose [39]. The 
lower rates of taste-related AEs with three P2X3 receptor-
selective compounds, eliapixant, BLU-5937, and sivopix-
ant, compared with the unselective gefapixant confirm the 
involvement of P2X2/3 receptors in taste signaling and 
suggest a potential clinical advantage for the selective 
agents. However, the distribution and physiology of P2X2 
and P2X3 receptors on gustatory nerves in humans are not 
completely understood, and as P2X3 receptor antagonists 
bind to a site between two P2X3 monomers [40], effects 
on heterotrimers containing two P2X3 subunits and one 
P2X2 subunit cannot be fully excluded.

Throughout the present study, eliapixant was well toler-
ated. All AEs were mild or moderate in intensity, no serious 
AEs or deaths were reported, and no clinically significant 
changes in laboratory parameters or vital signs were seen. 
Possible reasons for the absence of a clear effect on the ATP 
challenge cough test include the small sample size and pla-
cebo effects. Moreover, some subjects coughed more than 
30 times in the 15-s test period, suggesting that they may 
have been “trying” to cough. Previous studies have shown 
that responses to the ATP cough challenge are generally less 
marked in healthy individuals compared with patients who 
have chronic cough or respiratory conditions such as asthma 
[31, 41, 42]. This might be because of a lower expression 
of P2X3 receptors in the upper airways of healthy individu-
als. In patients with chronic cough, these receptors can be 
overexpressed, and increased sensitivity to cough challenges 
with tussive agents can also be driven by phenotypic changes 
of sensory airway nerves [43]. In contrast to the absence of 
effect on cough challenge in the current study, eliapixant 
produced dose-dependent reductions in cough frequency 
in patients with RCC, albeit with higher rates of dysgeusia 
than reported here [27]. Patients with RCC may differ from 
healthy volunteers in taste perception as well as in cough 
behavior, and airway sensory nerve density is increased in 
chronic cough [6], suggesting that P2X3 receptors might be 
enhanced. Results from the two studies therefore cannot be 
compared.

Other conditions in which P2X3 receptor antagonism may 
be useful include endometriosis, OAB, and diabetic neuro-
pathic pain. Endometriosis is a chronic estrogen-dependent 
inflammatory disease characterized mainly by pain, includ-
ing dysmenorrhea, non-menstrual pelvic pain, dysuria, 
dyschezia, and/or dyspareunia, affecting 5–10% of women 
of reproductive age [44–47]. Current treatments have lim-
ited efficacy in the relief of endometriosis-associated pain, 
and some have significant AEs that can restrict long-term 
use [48]. The role of neurogenic inflammation and pain in 
endometriosis [49], high expression of P2X3 receptors in 
endometrial lesions [7], and the reversal of hyperalgesia 
by a P2X3 receptor antagonist in an in vivo endometriosis 
model [50] (also observed in unpublished data, Bayer AG, 
Berlin, Germany) suggest that such agents may be effective. 
P2X3 receptors are also implicated in the control of urinary 
bladder volume reflexes in OAB, which affects up to 33% 
of women and 16% of men [4, 51, 52]. Overactive bladder 
negatively affects patients’ quality of life, mental health, and 
daily activities, urinary incontinence being the most com-
mon symptom [51]. Lifestyle measures and pharmacologic 
treatments have limited efficacy and the latter can produce 
AEs, highlighting a need for improved treatments [53]. 
Diabetic neuropathic pain is a consequence of long-term 
hyperglycemia, affecting approximately 25% of patients with 
diabetes mellitus [54]. The current standard of care includes 
antidepressants, anticonvulsants, and opioids, which are all 
characterized by severe, at times dose-limiting central AEs 
and/or the potential for addiction [55, 56]. P2X3 receptor 
antagonists show efficacy in streptozotocin-induced diabetic 
neuropathy models, suggesting that they may be effective in 
treating diabetic neuropathic pain [8, 9].

Limitations of the present study include the small sam-
ple size and short duration of treatment and follow-up. The 
use of male volunteers only, while necessary for this type 
of study, may have affected the results, as men cough less 
than women in protussive tests [57] and have lower taste 
sensitivity than women [58]. Women form the majority of 
patients with RCC in most populations [59, 60] and in clini-
cal trials of P2X3 receptor antagonists [10, 20–22, 27, 39]. 
The inclusion criteria for the present study specified a cough 
response to ATP defined as two or more coughs induced by 
an ATP concentration ≤ 128 mg mL–1. This is not expected 
to have influenced pharmacokinetics or general safety, but it 
is unknown whether there is any correlation between cough 
sensitivity to ATP and sensitivity for taste AEs. If there is 
such a relationship, it seems likely that it is a direct cor-
relation, which would imply that the subjects in the present 
study have increased sensitivity for taste-related AEs. The 
study of gefapixant in healthy volunteers excluded subjects 
who did not cough more than twice at the two highest con-
centrations of test solution (ATP 100 mM ≈ 50 mg mL–1 and 
300 mM ≈ 150 mg mL–1), as well as patients who did not 
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cough at all during the challenge test [20]. The two studies 
therefore had similar thresholds for ATP sensitivity. It could 
be speculated that taste AEs perceived by subjects receiving 
gefapixant led them to expect suppression of their cough, 
and therefore they coughed less.

5 � Conclusions

This study showed that higher doses (200 and 750 mg) of 
eliapixant produced plasma concentrations predicted to 
achieve at least 80% P2X3 RO, the threshold required for 
efficacy predicted by preclinical data, and were well toler-
ated with a low incidence of taste-related AEs. The multiple-
dose plasma exposure of eliapixant was in accordance with 
single-dose pharmacokinetics observed in the FiH study 
with the same tablet formulation (unpublished data, Bayer 
AG, Berlin, Germany). These results enabled eliapixant to 
progress to trials in patients with RCC.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40262-​022-​01126-1.
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