Lung (2023) 201:255-266
https://doi.org/10.1007/s00408-023-00621-x

CHRONIC COUGH q

Check for
updates

Efficacy and Safety of Eliapixant in Refractory Chronic Cough: The
Randomized, Placebo-Controlled Phase 2b PAGANINI Study

Peter V. Dicpinigaitis' - Alyn H. Morice? - Jaclyn A. Smith® - Mandel R. Sher* - Michael Vaezi® -
Laurent Guilleminault®’ - Akio Niimi® - Kerstin Gude® - Ulrike Krahn'® - Riitta Saarinen'" . Philippe Vieira Pires'® -
Melanie Wosnitza'® - Lorcan McGarvey'?® on behalf of the PAGANINI Investigators

Received: 4 April 2023 / Accepted: 19 April 2023 / Published online: 1 June 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

Introduction The PAGANINI study evaluated the efficacy and safety of the selective P2X3 antagonist eliapixant in patients
with refractory chronic cough (RCC).

Methods PAGANINI was a randomized, double-blind, parallel-group, placebo-controlled, multicenter, dose-finding, phase
2b study. Adults with RCC lasting > 12 months and cough severity >40 mm on a visual analog scale at screening were
enrolled. Participants were randomized 1:1:1:1 to twice-daily 25 mg, 75 mg, or 150 mg oral eliapixant or placebo for
12 weeks. The primary endpoint was change from baseline in 24-h cough count after 12 weeks of intervention.

Results Overall, 310 participants were randomized to twice-daily eliapixant 25 mg (n="75), 75 mg (n="78), 150 mg (n=_80),
or placebo (n="77). A statistically significant dose—response signal with eliapixant was detected for the primary endpoint
(all dose—response models, adjusted p <0.1; one-sided). Adverse events (AEs) were reported in 39 (51%) participants with
placebo and 43-51 (57-65%) participants receiving eliapixant. The most common AE was dysgeusia, occurring in 1% (n=1)
of the placebo group and 1-16% (n=1-13) of the eliapixant groups in a dose-related manner. One case of a moderate drug-
induced liver injury occurred in a participant receiving 150 mg twice-daily eliapixant.

Conclusion Eliapixant demonstrated efficacy and a favorable taste tolerability profile in RCC. However, a drug-induced liver
injury contributed to intensified liver monitoring in clinical trials with eliapixant and discontinuation of the entire develop-
ment program in all indications by Bayer AG.

Trial Registration ClinicalTrials.gov identifier NCT04562155; registered September 18, 2020.
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Introduction

Chronic cough (CC), estimated to affect around 10% of
the global adult population [1], is defined as a cough last-
ing > 8 weeks [2]. CC with unexplained underlying etiol-
ogy or CC that is unresponsive to conventional treatment
are jointly referred to here as refractory CC (RCC) [2].
RCC can have a detrimental impact on patients’ quality
of life (QoL) [3] and mental health [4, 5] and results in
significant economic burden, with patients experiencing
repeated treatment failures and delayed diagnosis [4].
There are no approved drugs for RCC in countries other
than Japan [6] and Switzerland [7], resulting in widespread
use of off-label treatment options with limited efficacy and
a poor safety profile, and non-pharmacologic interventions
[4]. There is therefore a large unmet clinical need for effi-
cacious, well-tolerated therapies.

Neuronal hypersensitivity is implicated in the patho-
genesis of RCC [8]. Patients with RCC have increased
cough reflex sensitivity, which may result from vagal nerve
hypersensitivity or changes in the central nervous system
projections and central sensitization as presumed underly-
ing mechanisms [8]. P2X3 receptors are thought to play
an important role in sensory neural dysregulation associ-
ated with RCC [9, 10]. Preclinical studies have shown that
P2X?2/3 receptors can regulate afferent sensory adenosine
triphosphate-mediated signaling in the vagus nerve [9].
Clinical trials of the P2X3 receptor antagonist gefapixant
showed efficacy in objective and subjective measures of
cough in patients with RCC [11-13]. However, substantial
taste-related tolerability issues [11-13], attributed to the
block of P2X?2/3 receptors on nerves innervating taste buds
[14], may limit acceptance of gefapixant by patients.

Eliapixant is a potent P2X3 receptor antagonist with
a good tolerability profile in healthy subjects, and high
selectivity over the P2X2/3 receptor in vitro, potentially
resulting in fewer off-target effects [15-17]. In a phase 2a
study, eliapixant significantly reduced cough frequency
and severity in patients with RCC, with a lower rate of
taste-related side effects than those observed with ther-
apeutic doses of gefapixant [18]. The aim of the phase
2b PAGANINI study was to identify the optimal dose of
eliapixant in patients with RCC, to further assess efficacy,
and to characterize the safety and tolerability profile of
eliapixant over 12 weeks.

Methods
Study Design
PAGANINI (ClinicalTrials.gov NCT04562155) was a

randomized, double-blind, parallel-group, placebo-con-
trolled, dose-finding efficacy and safety study conducted
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at 99 centers in 19 countries (see Supplementary Meth-
ods for more details). The study consisted of a 14-day
screening period, 12 weeks of randomized treatment, and
a 30-day safety follow-up (Supplementary Fig. S1). The
study protocol and statistical analysis plan are available
on ClinicalTrials.gov.

Eligible participants were centrally randomized 1:1:1:1
by the sponsor using block randomization to receive one of
three oral doses of twice-daily eliapixant (25 mg, 75 mg,
or 150 mg; Bayer AG, Berlin, Germany) or placebo using
Interactive Response Technology (IRT version 2.1; Suvoda,
USA), stratified by region. To maintain blinding, tablets con-
taining eliapixant and placebo were identical in size, color,
and shape.

Participants

Adults aged > 18 years with RCC lasting > 12 months,
with persistent cough for > 8 weeks before screening, and
with cough severity >40 mm measured on a 100 mm vis-
ual analog scale (VAS) at screening, were enrolled by the
investigators. Full inclusion and exclusion criteria are in the
Supplementary Methods.

Procedures

Using an ambulatory cough recording device (VitaloJAK,
Vitalograph, Ireland [19]), 24-h cough count monitoring was
performed at every visit to Week 12 (see Supplementary
Methods for more details). Participants completed the cough
severity VAS [20] daily and the Leicester Cough Question-
naire (LCQ) [21] at all visits (see Supplementary Methods
for more details). Adverse events (AEs) and other safety out-
comes were evaluated throughout the study and at follow-up.

Outcomes

The primary efficacy endpoint was change from baseline in
24-h cough count after 12 weeks of intervention. Secondary
efficacy endpoints included: the percentage of participants
with >30% reduction from baseline 24-h cough count after
12 weeks; change from baseline 24-h cough count after 2,
4, and 8 weeks; change from baseline awake cough count
per hour after 2, 4, 8, and 12 weeks; change from base-
line cough severity after 12 weeks measured by the cough
severity VAS; the percentage of participants with > 30-scale
unit reduction from baseline after 12 weeks measured by
the cough severity VAS [22]; change from baseline cough-
related QoL after 12 weeks measured by the LCQ; and the
percentage of participants with > 1.3-point increase from
baseline after 12 weeks measured by LCQ total score [23].
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Treatment-emergent AEs and serious AEs (SAEs) were
recorded according to the Medical Dictionary for Regulatory
Activities version 24.0. Additional safety assessments are
described in the Supplementary Methods. At the study end,
participants who spontaneously reported a taste-related AE
completed an assessment on taste disturbances.

Statistical Analysis

A multiple comparison procedure modeling (MCP-Mod)
approach [24] was used as the prespecified analysis of the
primary efficacy endpoint. As PAGANINI was a phase
2b dose-finding study, the MCP-Mod approach was used
because it is a well-accepted method for dose finding that
efficiently uses the available data better than traditional pair-
wise comparisons [25, 26]. The MCP-Mod approach enables
the estimation of a dose response and the selection of an
optimum dose for further phase 3 trials [26].

For the primary endpoint analysis, the raw 24-h cough
count was standardized to an average hourly count, then
log-transformed as done previously [12, 27]. To detect a
dose-response signal, four candidate dose-response models
were tested with a single contrast test using the generalized
MCP-Mod approach. The null hypothesis, “the response
at all doses is equal,” was tested against the alternative,
“there is a dose-response relationship.” If at least one of the
four individual tests of models was statistically significant
(adjusted p of one-sided test<0.1), a dose—response signal
was considered established. The model with the best fit was
then used for the estimation of the dose-response curve and
the minimum effective dose (MED). For further information
on the primary endpoint analysis, see the Supplementary
Methods.

Sample size calculations were performed for establishing
evidence of a drug effect across the doses. A sample size of
50 participants per dose group was predicted to have at least
85% power to demonstrate a dose—response relationship for
the primary efficacy endpoint, using a one-sided test at a
type I error rate of a=0.10 (see the Supplementary Methods
for more details).

The secondary endpoint analyses and definitions of
the per protocol, full analysis and safety analysis sets are
described in the Supplementary Methods.

Statistical evaluation was performed using SAS soft-
ware version 9.4 or higher (SAS Institute, USA) or ValidR
software version 3.5.2 or higher (Mango Solutions, UK).
Confirmatory p-values are reported for the analysis of the
primary endpoint. The study was not powered for individual
pairwise comparisons between dose groups. Analysis of sec-
ondary endpoints, sensitivity analyses, and AEs should be
interpreted as exploratory.

Results

Of 399 participants screened between October 2, 2020 and
March 12, 2021, 310 were randomized to eliapixant 25 mg
(n="75), 75 mg (n=178), 150 mg (n=_80), or placebo (n=77)
(Fig. 1). All randomized participants were included in the
full and safety analysis sets. A total of 283 participants were
included in the per protocol set (eliapixant 25 mg n=67,
75 mg n=69, 150 mg n="73, placebo n="74). In total, 276
participants (89%) completed the treatment period.

Baseline demographics and clinical characteristics
were generally well balanced across the treatment groups
(Table 1), although mean 24-h cough count (Table 2) and
awake cough count in the eliapixant 150 mg group were
slightly lower than in other groups. The baseline awake
cough count was higher than the 24-h cough count in all
treatment groups. Overall, 76 (27%) participants had a low
baseline 24-h cough count of < 10 coughs per hour.

The data for the primary efficacy endpoint, change from
baseline in 24-h cough count after 12 weeks of intervention,
are shown in Table 2 and Fig. 2A. At Week 12, the 24-h
cough count had decreased from baseline in all treatment
groups. The largest relative and placebo-adjusted reductions
in 24-h cough count from baseline were seen in the 75 mg
eliapixant group.

For the primary analysis of the primary endpoint, a sta-
tistically significant dose—response signal was detected with
eliapixant for change from baseline in 24-h cough count at
Week 12, with multiplicity-adjusted p-values of < 0.1 for
all four candidate models (Supplementary Table S1). As a
result of the better model fit, the Emax model was used to
derive the MED (Fig. 2B). The MED to achieve a relative
change vs. placebo of —20% (i.e., log[0.8] = —0.22 on the
log-transformed scale (Fig. 2B)) was estimated at~58 mg
eliapixant twice daily.

Reductions in 24-h cough count with the two higher
doses of eliapixant relative to placebo were observed early
at Week 2, with further reductions at Week 4 and Week 8
(Fig. 2A). A>30% reduction from baseline in 24-h cough
count at Week 12 was reported in 34 participants (46%) with
placebo and 35-44 participants (52-64%) receiving eliapix-
ant. Compared with placebo, more participants in the 75 mg
group reached this responder threshold at Week 12 (mean
treatment difference: 18%, 95% confidence interval [CI] 2
to 34, p=0.03). A smaller treatment difference vs. placebo
was observed for the other doses of eliapixant with a mean
treatment difference of 6% (95% CI— 10 to 23, p=0.5) and
8% (95% CI—9 to 24, p=0.4) for the 25 mg and 150 mg
groups, respectively.

Similar findings to those for 24-h cough count were
observed for the change from baseline in awake cough count
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Fig. 1 Participant disposition. Includes the 12-week treatment period
and the 30-day safety follow-up. If a participant has more than one
validity finding that excludes them from an analysis set, all the find-
ings are displayed. All 34 participants (11%) who discontinued the

treatment phase of the study entered the safety follow-up. A total
of 294 participants (95%) completed the 30-day safety follow-up.
COVID-19 corona virus disease 2019
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Table 1 .Baseline den}ographics Characteristics Eliapixant Eliapixant Eliapixant Placebo
and clinical characteristics (per 25 mg 75 mg 150 mg twice daily
protocol set) twice daily twice daily twice daily (n=74)
(n=67) (n=69) (n=173)
Age, years 61.2(9.9) 59.1 (12.1) 59.3 (11.9) 56.6 (12.4)
> 65 years, n (%) 24 (36) 25 (36) 29 (40) 26 (35)
Female, n (%) 49 (73) 56 (81) 56 (77) 59 (80)
Race, n (%)
White 56 (84) 60 (87) 66 (90) 64 (86)
Asian 10 (15) 9(13) 5 10 (14)
Other/not reported 1(1) 0 2(3) 0
Geographic region, n (%)
Europe 35(52) 37 (54) 42 (58) 40 (54)
Japan 6(9) 6(9) 5(7) 6(8)
Rest of the world 26 (39) 26 (38) 26 (36) 28 (38)
Body mass index, kg/m2 27.1 (4.7) 27.1(5.5) 279 (5.7) 27.2(5.1)
Duration of cough, years, n (%)
<10 38 (57) 39 (57) 46 (63) 39 (53)
>10 29 (43) 30 (43) 27 (37) 3547)
Tobacco smoking history, n (%)
Never 47 (70) 51(74) 48 (66) 56 (76)
Ex-smoker 20 (30) 18 (26) 25 (34) 18 (24)
Baseline 24-h coughs, per hour®
<10, n (%) 21 (31) 18 (26) 20 (27) 17 (23)
>10, n (%) 46 (69) 51(74) 53 (73) 57 (77)
>20, n (%) 30 (45) 37 (54) 31 (42) 37 (50)
>30, n (%) 21 (31) 23 (33) 15 (21) 24 (32)
Baseline awake coughs, per hour
Geometric mean 23.6 (3.0) 26.4 (3.0) 212 (24) 24.0 (3.2)
<20, n (%) 28 (42) 26 (38) 30 (41) 32 (43)
>20,n (%) 39 (58) 43 (62) 43 (59) 42 (57)
Baseline cough severity, VAS 0-100
Arithmetic mean® 65.5 (14.6) 67.1 (14.9) 66.8 (15.9) 61.5 (18.5)
LCQ total score (range 3-21)
Arithmetic mean 12.0 (2.5) 11.8 (2.8) 11.2 (2.6) 11.5(3.3)

Data are expressed as mean (SD) unless otherwise stated

LCQ Leicester Cough Questionnaire, SD standard deviation, VAS visual analog scale

4See Table 2 for baseline geometric mean (SD) 24-h coughs, per hour

PEliapixant 25 mg twice daily n=62, eliapixant 75 mg twice daily n=68, eliapixant 150 mg twice daily

n=67, placebo twice daily n=69

at all study visits (see Supplementary Results and Supple-
mentary Fig. S2 for more details).

Cough severity was reduced with all doses of eliapix-
ant at Week 12 vs. baseline, with a small numeric reduc-
tion vs. placebo (Table 3). More participants in the 75 mg
group experienced a > 30-scale unit reduction in cough
severity at Week 12 vs. placebo (mean treatment difference
of 16%, 95% CI 1 to 31, p=0.03). A smaller treatment
difference vs. placebo was observed for the other doses of
eliapixant (Table 3).

There was a dose-dependent improvement in LCQ total
score after 12 weeks. However, the differences vs. pla-
cebo were small (0.1, 95% CI—1.0 to 1.2, in the 25 mg
group; 0.4, 95% CI—0.7 to 1.4, in the 75 mg group; 0.5,
95% CI—0.6 to 1.6 in the 150 mg group) (Table 3). The
percentage of participants with a> 1.3-point increase in
LCQ total score from baseline after 12 weeks was similar
between all three doses of eliapixant and placebo.

Sensitivity analyses of the full analysis set confirmed the
primary endpoint and secondary endpoint results in the per
protocol set (data not shown).
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Table 2 Change from baseline in 24-h cough count after 12 weeks of intervention (per protocol set)

Eliapixant Eliapixant Eliapixant Placebo
25 mg 75 mg 150 mg twice daily
twice daily twice daily twice daily (n=174)
(n=67) (n=69) (n=173)
Baseline geometric mean (SD) 24-h coughs, per hour 17.5(2.9) 19.2 (2.9) 15.6 (2.3) 17.6 (3.1)
Week 12 geometric mean (SD) 24-h coughs, per hour 9.0 (4.0) 9.1 (3.8) 8.1 (2.7) 11.3 3.1)
Relative change of geometric means for 24-h cough at Week 12, % (95% CI) —44 -53 —-48 -36
(=55t0-29) (—62to—42) (-57t0—36) (—47t0-23)
Change in 24-h cough count at Week 12 relative to placebo, % (95% CI) —-12 -27 —18
(=30to 11) (—41to—-9) (—=33to<1)

CI confidence interval, SD standard deviation

AEs were reported in 39 participants (51%) with placebo
and 43-51 participants (57-65%) receiving eliapixant, with
most considered mild or moderate (Table 4). The proportion
of participants reporting AEs (including those described as
severe) was slightly higher in the two higher-dose eliapix-
ant groups than the low-dose eliapixant or placebo groups
(Table 4). The most frequently occurring AE was dysgeusia,
which occurred in 1 participant (1%) in the placebo group
and 1-13 participants (1-16%) in the eliapixant group in a
dose-related manner (Table 5). Other AEs relating to taste or
smell disorders were similarly more frequent with eliapixant
than placebo (Table 5).

AEs leading to study drug discontinuation were more
common with eliapixant than placebo (Table 4). An SAE of
abnormal liver tests leading to study drug discontinuation
occurred in 1 participant in the 150 mg eliapixant group
and was reported as a suspected unexpected serious adverse
reaction (SUSAR). No deaths occurred during the study.

Changes in some laboratory safety parameters were
reported, including 2 participants receiving eliapixant
(75 mg, n=1; 150 mg, n=1) who had alanine aminotrans-
ferase exceeding the three-fold upper limit of normal, which
triggered close liver observation in accordance with the US
Food and Drug Administration Guidance for Industry [28]
and the study protocol. In the patient receiving eliapixant
150 mg, the SUSAR was considered a moderate drug-
induced liver injury (DILI) of hepatocellular origin. The par-
ticipant prematurely discontinued eliapixant at the 4-week
visit because of the liver event, after which the liver enzyme
values returned to normal. In the overall population, dose-
dependent increases in mean and median values of alkaline
phosphatase, fibrinogen, and plasma antithrombin III activ-
ity were observed. There were no relevant mean changes
in other liver enzymes at any dose of eliapixant during
treatment in the overall population. See the Supplementary
Results for more details.

Thirty-one participants who spontaneously reported a
taste-related AE during the treatment period completed an
end-of-study assessment on taste disturbances (Fig. 3). The
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frequency and how bothersome the taste disturbances were
in the eliapixant groups increased in a dose-related man-
ner (Fig. 3A). No participants described the taste effects as
“extremely” bothersome. An answer of “very” bothersome
was only recorded in the 150 mg group (Fig. 3B).

Discussion

PAGANINI confirmed data from the phase 2a study suggest-
ing that eliapixant is effective at reducing 24-h cough count
in patients with RCC. The detection of a statistically sig-
nificant dose-response signal with eliapixant was achieved
for the primary endpoint of change from baseline in 24-h
cough count at Week 12. At Week 12, 24-h cough count was
reduced by 27% vs. placebo in the 75 mg group. In an analy-
sis of secondary efficacy endpoints, awake cough count was
also reduced by 28% with 75 mg eliapixant vs. placebo at
Week 12. Compared with placebo, more participants in the
75 mg eliapixant group reached a>30% reduction in 24-h
cough count and > 30-scale unit reduction in cough severity
at Week 12 from baseline; however, cough-related QoL as
measured by LCQ total score did not improve.

The phase 2a study of eliapixant demonstrated similar
reductions in 24-h cough and awake cough counts to those
reported here [18]. However, the improvements in cough
severity and cough-related QoL vs. placebo seen in the ear-
lier study [18] were not observed to the same extent. While
comparisons between studies should be made with caution,
this observation may be explained by the larger placebo
response seen in PAGANINI. However, improvements in
cough severity and cough-related QoL were reported for the
phase 2b gefapixant and sivopixant trials [12, 27], and the
phase 3 COUGH-1 and COUGH-2 studies despite large pla-
cebo effects [13]. The lack of patient-perceived improvement
in cough in this study is therefore difficult to explain. How-
ever, it should be noted that PAGANINI was not powered
to detect significant differences in patient-reported outcome
parameters between treatment groups.
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Fig.2 (A) Change from
baseline in 24-h cough count
throughout study period and (B)
the estimated dose—response
Emax model for the change
from baseline to Week 12 in
log-transformed 24-h cough
count with an 80% CI (per
protocol set). In (B), circles
indicate the estimated dose
response in each dose group
adjusted for baseline cough
count and geographic region.
The dotted horizontal reference
line at — 0.44 represents the
estimated dose response in the

Z

Change in 24-hour cough count
(ratio of geometric means, 95% ClI)

—_—— —— ——
placebo group. The solid line 02 Eliapixant Eliapixant Eliapixant Placebo
indicates the estimated Emax ’ 25 mg 75 mg 150 mg twice daily
dose-response model and the twice daily twice daily twice daily
dashed lines indicate the 80%
CI. CI confidence interval,
Emax asymptotic maximum 00 T T T T T 1
change from placebo effect 0 2 4 6 8 10 12
Weeks
B) —0.2 4
—0.3 H
\
N
—0.4 - N

—0.8 4

Change in 24-hour cough count (on log scale)

In this study, the efficacy effects in the 150 mg eliapix-
ant group were not greater than those in the 75 mg group,
suggesting that a plateau in dose response was reached, as
indicated by the estimated dose-response curve. This find-
ing may have also been influenced by the less severe base-
line cough characteristics in the 150 mg group. A plateau
in dose response for reduction in cough count was also
observed with eliapixant in the phase 2a study, although
subjective endpoints continued to improve with the highest
dose [18]. The plateau in dose response is also supported
by data from healthy volunteers [16], whereby the two

50 100 150
Dose (mg twice daily)

higher doses of eliapixant had similar trough plasma drug
concentrations, and the plasma concentrations predicted
to achieve > 80% P2X3 receptor occupancy (the expected
threshold for efficacy based on unpublished preclinical
studies; data on file, Bayer AG) were reached with both
higher doses [16]. Achievement of the primary endpoint
and the low MED to achieve 20% improvement over pla-
cebo are therefore notable considering the globally het-
erogeneous study population, the high placebo response,
the overall high number of participants experiencing a low
baseline 24-h cough count of < 10 coughs per hour, and
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Table 3 Secondary efficacy cough-related endpoints relating to severity and QoL (per protocol set)

Eliapixant Eliapixant Eliapixant Placebo
25 mg 75 mg 150 mg twice daily
twice daily twice daily twice daily n=174)
(n=67) (n=69) (n=173)
Cough severity®
Mean (SD) change in cough severity from baseline to Week 12 —17.7 (23.8) —22.7(23.0) —22.9(24.5) —-17.0(21.9)
LS mean (SE) change in cough severity from baseline to Week 12° —-19.0 (3.1) —-23.3.9) —23.5(3.0) —18.0(2.7)
p<0.0001 p<0.0001 p<0.0001 p<0.0001
Treatment difference vs. placebo, difference of LS means (SE)° -0.9 4.0) -5.3(3.8) —-5.4(4.0)
p=0.8 p=0.2 p=0.2
Participants with a > 30-scale unit reduction in cough severity from 18 (27) 25 (36) 20 (27) 15 (20)
baseline to Week 12, n (%)
Treatment difference vs. placebo, % (SE) 7(0.1) 16 (0.1) 7(0.1)
p=04 p=0.03 p=03
Cough-related QoL¢
Mean (SD) change in LCQ total score from baseline to Week 12 2.2(3.4) 2.5(3.3) 2.7 (3.5) 2.2 (3.1)
LS mean (SE) change in LCQ total score from baseline to Week 12° 2.2(0.4) 2.5(0.4) 2.6 (0.4) 2.1(0.4)
p<0.0001 p<0.0001 p<0.0001 p<0.0001
Treatment difference vs. placebo, difference of LS means (SE)® 0.1 (0.6) 0.4 (0.5) 0.5 (0.5)
p=0.9 p=0.5 p=04
Participants with a > 1.3-point increase in LCQ total score from base- 32 (48) 42 (61) 47 (64) 38 (51)
line to Week 12, n (%)
Treatment difference vs. placebo, % (SE) —-4(0.1) 10 (0.1) 13 (0.1)
p=0.7 p=03 p=0.1

LCQ Leicester Cough Questionnaire, LS least squares, QoL quality of life, SD standard deviation, SE standard error

*Measured by the cough severity visual analog scale

A mixed model repeated measures analysis was applied with baseline value, treatment group, region, visit, and treatment by visit interaction as
fixed effects, and participant as a random effect using an unstructured covariance structure

“Measured by LCQ total score

the lower baseline cough counts and efficacy results in the
150 mg eliapixant group.

The safety and tolerability profiles in PAGANINI are
generally consistent with other studies of eliapixant in
healthy subjects and the phase 2a study in patients with RCC
[16-18]. However, a case of a moderate DILI of hepatocellu-
lar origin occurred during treatment with 150 mg eliapixant
and contributed to the need for intensified liver monitoring
in clinical trials with eliapixant. In a second participant, ala-
nine aminotransferase levels exceeding the three-fold upper
limit of normal led to close liver observation, and a dose-
dependent increase in mean alkaline phosphatase levels in
the overall population was observed during the treatment
period. The clinical relevance of increased alkaline phos-
phatase levels is unclear, as is the origin (liver vs. bone)
in the absence of a concurrent increase in the mean val-
ues of other liver enzymes. In the phase 2a study of the
P2X3 antagonist sivopixant for RCC, a participant receiving
sivopixant also experienced a DILI during the trial [29].

Taste-related AEs were reported in 24% of participants
in the 150 mg eliapixant group with fewer reports in partici-
pants receiving lower doses. One participant discontinued

@ Springer

treatment due to dysgeusia as part of a combination of nine
AEs. No participants who spontaneously reported a taste-
related AE described the effect as “extremely” bothersome.
As with the phase 2b study of gefapixant [12], dysgeusia was
the most reported AE in PAGANINI. However, taste-related
AEs were previously reported in up to 81% of patients with
gefapixant in phase 2b [12] compared with up to 24% of par-
ticipants with eliapixant in this study. In phase 3 trials with
gefapixant 45 mg, taste-related AEs were reported by 59%
of participants at Week 12 in COUGH-1 and 69% of par-
ticipants at Week 24 in COUGH-2 [13]. The smaller impact
on taste perception with eliapixant may be due to its high
selectivity for the P2X3 receptor leading to a low potential
for off-target effects mediated by P2X2/3 receptors [16].
Strengths of PAGANINI included that the baseline
demographics reflect those seen in the clinical RCC popu-
lation [30]. Recruitment of participants across 19 countries
means the results are likely to reflect the global population
of patients with RCC. Limitations of the study include a
lack of powered individual pairwise comparisons between
dose groups; however, the aim of this study was to establish
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Table 4 Summary of treatment-emergent AEs (safety analysis set)
Patients, n (%) Eliapixant 25 mg Eliapixant 75 mg Eliapixant 150 mg Placebo
twice daily twice daily twice daily twice
(n=175) (n=178) (n=80) daily
(n="77)
Any AE 43 (57) 51 (65) 51 (64) 39 (51)
Maximum intensity for any AE
Mild 21 (28) 31 (40) 23 (29) 18 (23)
Moderate 22 (29) 16 (21) 2531 20 (26)
Severe 0 34) 34 1(1)
Any study drug-related AE 9(12) 15 (19) 30 (38) 9(12)
Maximum intensity for study drug-related AE
Mild 5() 10 (13) 16 (20) 709)
Moderate 4(5) 5(6) 12 (15) 2(3)
Severe 0 0 203) 0
AEs leading to study drug discontinuation 7*(9) 3b 4) 8°(10) 14(1)
Any SAE 0 1(1) 2(3) 1(1)
Any study drug-related SAE 0 0 1(1) 0
SAEs leading to study drug discontinuation 0 0 1(1) 1(1)
AEs with outcome death 0 0 0 0

Treatment-emergent AEs are reported from the start of study intervention administration until 14 days after the last study medication intake

AE adverse event, SAE serious adverse event

#n=1 each for cough, arthralgia, abdominal pain upper, dizziness, diplopia/pain in extremity/headache, musculoskeletal chest pain, or gastroen-

teritis

n=1 each for pancytopenia, asthenia/chest discomfort/hypotension, or palpitations/diarrhea/fatigue/disturbance in attention

‘n=1 each for liver function test abnormal, throat irritations, nausea/chills/fatigue/weight increased, dizziness/dysgeusia/headaches/asthma/
hemoptysis, cough, alanine aminotransferase increased/aspartate aminotransferase increased, abdominal pain upper, rash, or arthralgia/pain in

extremity

dn=1 for angina unstable

A) How frequently do you experience the taste effect after

taking each dose of medication?

B)

How bothersome is the taste effect of the medication?

[l Occasionally [l Often [l Almostalways [l Always Notatall 8 Alitle ] Somewhat i Very [l Extreme
15 15
[2] [2]
c c
2 107 2
2 o
b= =
(] ©
o [oN
G S
3 3
IS 5+ £
=} =}
b4 pa
0-
Eliapixant Eliapixant Eliapixant Placebo Eliapixant Eliapixant Eliapixant Placebo
25mg 75 mg 150 mg twice daily 25mg 75 mg 150 mg twice daily
twice daily  twice daily  twice daily (n=4) twice daily  twice daily  twice daily (n=4)
(n=3) (n=10) (n=14) (n=3) (n=10) (n=14)

an = 31 patients who spontaneously reported a taste-related AE and completed the taste questionnaire

Fig. 3 End-of-study assessment on taste disturbances (safety analysis set®)
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Table 5 Most frequently
reported treatment-emergent
AEs, and AEs related to taste,

Patients, n (%)

Placebo
twice daily

Eliapix-  Eliapixant 75 mg
ant 25 mg twice daily

Eliapixant
150 mg

: twice (n=178) twice daily (n=77)
bleedmg,. and drug-related daily (n=280)
hepatlc.: disorders (safety (n=75)
analysis set)
Most frequently reported AEs*
Dysgeusia 1(D 9(12) 13 (16) 1(1)
Headache 6(8) 5(6) 6(8) 4(5)
Cough 4(5) 709) 709) 34)
Fatigue 23 6(8) 5(6) 23
Dry mouth 1(1) 34 23 4(5)
Dizziness 23 23 1(D) 5(6)
Nausea 2(3) 23 5(6) 1(1)
Hypogeusia 23 1(1) 4(5) 23
Insomnia 4(5) 0 1(1) 0
Taste-related AEs
Dysgeusia 1) 9(12) 13 (16) 1(1)
Hypogeusia 23 1(1) 4(5) 23
Taste disorder 0 2(3) 1(1) 1(1)
Ageusia 0 0 2(3) 1(1)
Any AE relating to “taste and smell disorders™® 3 (4) 12 (15) 19 (24) 5(6)
Any AE relating to “hernorrhages”b 3(4) 2(3) 5(6) 2(3)
Any AE relating to “drug-related hepatic disor- 0 1(1) 34 0

ders — comprehensive search”™

Treatment-emergent AEs are reported from the start of study intervention administration until 14 days after

the last study medication intake

AFE adverse event, SAE serious adverse event

#AEs reported in > 5% in any treatment group

PIdentified via standardized Medical Dictionary for Regulatory Activities query

evidence of a drug effect across the doses to support the dose
selection for phase 3 studies [25, 26].

In summary, the PAGANINI study showed that eliapix-
ant was effective at reducing 24-h cough count vs. placebo
in patients with RCC. The safety and tolerability profiles in
PAGANINI were consistent with other studies of eliapixant
in healthy subjects and the phase 2a study in patients with
RCC. However, a case of a moderate DILI of hepatocellular
origin occurred during treatment with 150 mg eliapixant.
This DILI contributed to the need for intensified liver moni-
toring in clinical trials with eliapixant and the subsequent
discontinuation of the entire development program in all
indications by Bayer AG.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00408-023-00621-x.
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