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Abstract

Background: This is the first-in-human study of icenticaftor, an oral potentiator of the cystic
fibrosis (CF) transmembrane conductance regulator (CFTR) channel. Restoration of CFTR activity
has shown significant clinical benefits, but more studies are needed to address all CFTR mutations.

Methods: Safety, pharmacodynamics/pharmacokinetics of icenticaftor were evaluated in a
randomized, double-blind, placebo-controlled study in healthy volunteers. Efficacy was assessed
in adult CF patients with =1 pre-specified CFTR Class 111 or IV mutation (150 and 450 mg bid),
or homozygous for F508de/ mutation (450 mg bid). Primary efficacy endpoint was change from
baseline in lung clearance index (LCl5 5). Secondary endpoints included %predicted FEV, and
sweat chloride level.
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Results: Class IV mutations were present in 22 patients, Class Il in 2 (both S549N), and

25 were homozygous for F508del. Icenticaftor was well-tolerated in healthy and CF subjects

with no unexpected events or discontinuations in the CF groups. The most frequent study-drug
related adverse events in CF patients were nausea (12.2%), headache (10.2%), and fatigue (6.1%).
Icenticaftor 450 mg bid for 14 days showed significant improvements in all endpoints versus
placebo in patients with Class 11l and 1V mutations; mean %predicted FEV increased by 6.46%,
LCl, 5 decreased by 1.13 points and sweat chloride decreased by 8.36 mmol/L. No significant
efficacy was observed in patients homozygous for a single F508dkl.

Conclusions: Icenticaftor was safe and well-tolerated in healthy volunteers and CF patients,
and demonstrated clinically meaningful changes in lung function and sweat chloride level in CF
patients with Class Il and IV CFTR mutations.

ClinicalTrials.gov: NCT02190604
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Cystic fibrosis; Icenticaftor; Lung clearance index; Homozygous F508del mutation; Cystic fibrosis
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Background

Cystic fibrosis (CF) is the most common and life shortening recessive disease, affecting
about 80,000 children and adults worldwide with an annual mortality rate of 1.5% and
median age at death of 30.6 years [1]. The cystic fibrosis transmembrane conductance
regulator (CFTR) proteins are chloride channels resident on the surface of epithelial cells
in several body organs including the airways of the lungs. Mutations in the CFTR gene
may result in the absence of or deficiencies in CFTR protein and cause CF [2,3]. Loss of
functionality of CFTR in the airways results in decreased airway surface liquid volume,
impaired mucociliary clearance, and chronic airway infection and inflammation leading to
progressive lung disease [2]. More than 90% of the morbidity and mortality of CF result
from respiratory disease [4].

Mutation-targeted CFTR modulators are becoming the cornerstone of CF management.
CFTR potentiators help chloride flow through the CFTR protein channel at the cell
surface. Monotherapy with the CFTR potentiator ivacaftor has demonstrated substantial
improvements in lung function and reduced frequency of exacerbation by restoring CFTR
activity in patients with surface-localized CFTR mutations (Class 11 and V) [5,6]. The
more common F508de/ mutation, the archetype Class Il variant present in at least one copy
in ~90% of the CF population, principally exhibits abnormal processing and trafficking,
reducing levels at the plasma membrane [7]; when surface expression is partially restored
by CFTR correctors, potentiators are needed to augment F508de/ CFTR activity as it

also exhibits defective channel gating [7]. When used together with one or more CFTR
correctors, CFTR potentiators provide clinical benefit [8], such as that seen with the triple
combination therapy consisting of the CFTR corrector elexacaftor, with tezacaftor and
ivacaftor, which resulted in improved clinical outcomes in patients with cystic fibrosis and
F508del mutation [9]. When either corrector therapy or potentiator therapy was used as
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a single agent, bioactivity was observed by small reductions in sweat chloride, but this
effect was insufficient to confer clinical benefit [10]. Although treatment with ivacaftor in
combination with other CFTR correctors was beneficial for CF patients with the £F508de/
mutation, ivacaftor also has a nonspecific destabilizing effect on F508de/-CFTR, which

is of uncertain clinical relevance [11]. In chronic exposure in /n vitro laboratory studies,
icenticaftor (QBW251), an orally administered CFTR potentiator, in combination with
lumacaftor (a CFTR corrector) showed superiority in sustaining membrane expression and
function of the mutant F508de/-CFTR protein, compared with ivacaftor [12,13].

We hypothesized that icenticaftor would provide a favourable safety, tolerability,
pharmacokinetic (PK), and pharmacodynamic profile as monotherapy in patients with
specific Class Il and IV mutations. As icenticaftor was optimized for the F508de/ mutation,
and some patients with F508del exhibit partial retention of cell surface expression, the
enrolment of CF patients homozygous for the F508de/ mutation in the study evaluated

the effects of icenticaftor on safety, tolerability, and clinical benefit as monotherapy in the
absence of a CFTR corrector.

In this manuscript, the results from the first-in-human study of icenticaftor monotherapy in
healthy volunteers and CF patients are presented.

2. Methods
2.1. Study design

This was a first-in-human, multi-part, randomized, double-blind, placebo-controlled,
dose-escalation study of single [SAD; Part 1] and multiple [MAD Part 2] ascending

oral doses of icenticaftor over 14 days in healthy volunteers (EU Clinical Trials

Register: 2011-005085-37) and multi-dose efficacy study [MES] in CF patients (Part 3;
wwuw.clinicaltrials.gov identifier: NCT02190604). Healthy volunteers and CF patients were
randomized to receive icenticaftor or placebo (3:1 allocation ratio), across treatment groups
in each part of the study (Fig. 1).

The SAD and MAD parts were performed at a single centre (Simbec Research Limited,
Merthyr Tydfil CF48 4DR, UK) starting July 31, 2012, while the MES part was conducted
at multiple sites in multiple countries from July 08, 2014, and the study was completed on
Nov 30, 2015. In this study, icenticaftor in capsule formulation was used in all the treatment
arms.

The study complied with the principles of the Declaration of Helsinki and the Good
Clinical Practice guidelines. Before the start of the study, the clinical trial protocol, patient
information leaflet, informed consent form, and other locally required documents were
reviewed and approved by the Independent Ethics Committees or Institutional Review
Boards, or both, of the participating centres. An independent Data Monitoring Committee
(DMC) formed by the North American CF Foundation Therapeutics Development Network
provided safety oversight for CF patients.
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2.2. Study populations

The SAD and MAD parts of the study recruited adult healthy volunteers and the MES part
recruited patients with a confirmed diagnosis of CF as per the Cystic Fibrosis Foundation
consensus guidelines [14] with at least one of 19 pre-specified Class Il or IV mutations
on one allele (mutations known or suspected to respond to monotherapy with a CFTR
potentiator due to retained surface CFTR expression) or patients homozygous for the
F508del mutation.

Other key inclusion criteria for CF patients were: FEV; at screening of 40-100% of
predicted normal (inclusive) and oxygen saturation at screening of =90% while breathing
room air.

2.3. Objectives

The primary objective of the SAD and MAD parts of the study was to assess tolerability
in healthy volunteers and to determine a tolerable dose of icenticaftor for the MES part.
Efficacy of icenticaftor was tested in the MES part in patients with CF, where the primary
endpoint was the change from baseline in lung clearance index (LCl5, 5) on Day 15.

Other key endpoints of the MES part included changes in percent-predicted FEV{, sweat
chloride levels in CF patients on Day 15, change in the Cystic Fibrosis Questionnaire-
Revised patient-reported outcome (CFQ-R PRO) on Day 14, and the assessment of the PK
of icenticaftor.

2.4. Assessments

Healthy volunteers were randomized into placebo and 8 dosing groups (icenticaftor 10-1000
mg in the SAD part. In the MAD part, healthy volunteers were randomized into 5 groups
based on dose of icenticaftor including 150, 400 and 750 mg once daily [od]; 450 and

750 mg twice daily [bid]). In the MES, CF patients were randomized into 3 groups based

on dose and type of mutation (all Class Il and IV mutations: 150 and 450 mg bid; and
F508del/F508del mutation: 450 mg bid). All three parts (SAD, MAD and MES) were
placebo-controlled.

2.4.1. Safety—In both healthy volunteers and CF patients, safety assessments consisted
of collecting all adverse events (AEs), serious AEs (SAEs), monitoring of hematology, blood
chemistry and urine, pulse oximetry, vital signs, physical condition, and electrocardiograms.

2.4.2. Pharmacokinetics—PK assessments were performed in all parts (SAD, MAD,
and MES) of the study. Icenticaftor levels in plasma and urine were analysed with the use

of a validated high-performance liquid chromatography—mass spectrometry method with a
lower limit of quantification of 1 ng/mL. The PK parameters of icenticaftor were determined
by means of hon-compartmental methods.

2.4.3. Efficacy—The multiple breath nitrogen washout technique was used to measure
LCl5 5, an indicator of ventilation heterogeneity in patients with obstructive lung diseases. A
decrease in LCl; 5 of 1 unit is considered clinically relevant [15]. All spirometry evaluations
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(FEV1) were performed as per American Thoracic Society/European Respiratory Society
Task Force: Standardization of Spirometry guidelines [16]. The collection of sweat samples
was performed using an approved Macroduct® sweat collection system. Sweat samples
were collected in all 3 patient groups in the MES part at baseline and at Days 7, 14,

28, and 42. Patients completed the CFQ-R questionnaire prior to any other assessments
being conducted at baseline and Days 14, 28, and 42. This questionnaire contains multiple
domains (e.g. health-related quality of life, symptoms, and overall health perception); the
key domain considered for this study was the respiratory domain. An increase in CFQ-R
respiratory domain score of >4 indicates clinically meaningful improvement [17,20]. The
MCID denotes to the respiratory domain only and not for the CFQ-R total score.

2.5. Statistical analyses

The sample sizes in the SAD and MAD parts were typical of dose-escalation studies and
were appropriate to meet the objective of safety and tolerability assessment. The primary
variable for the safety objective was occurrence of AEs and was counted by event and
treatment received, and the corresponding percentages were calculated. Data from healthy
volunteers were pooled across all groups. The number and percentage of patients with AEs
were tabulated by body system, preferred term, and severity (mild, moderate, and severe). A
reduction of 1.3 units in LCI5 5 corresponds to a 90% probability that the difference between
icenticaftor and placebo is significant.

The sample sizes for the patient groups in the MES study were sufficiently powered, based
on a Bayesian statistical model. A sample size of 32 patients was considered adequate to
assess the change from baseline in LCI2.5, as compared to placebo. This provides 80%
power to detect an effect of 1 unit assuming a standard deviation of 1.25, to evaluate the
treatment effect for the primary endpoint, LCl, 5. The change from baseline after 2 weeks
of therapy was analysed using a Bayesian model for repeated measures. The model included
effects for baseline by time and treatment-by-time interactions. Non-informative priors were
used to obtain the posterior estimates. Placebo data were pooled across patient groups to
provide more robust estimates. The Bayesian approach was used to analyse all clinical
endpoints, which enabled determination whether the probability that the drug is better

than placebo was more than 90% for each clinical efficacy endpoint. Repeated measures

for analysis of covariance were applied to the pharmacodynamic variables and CFQ-R
patient-reported outcomes (PROS) to assess the sensitivity for the comparisons between
icenticaftor and placebo, with and without stratification by genotype. Descriptive statistics
were provided for the PK parameters by dose level. Time taken to reach the maximum
concentration (Tmax) Was evaluated by a nonparametric method with trough concentrations
summarized by day and dose-level. Descriptive summary statistics are presented in terms

of arithmetic mean, standard deviation (SD), coefficient of variance (CV). For the Bayesian
analysis, data are presented as posterior mean change from baseline.
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3. Results

3.1. Study population

Healthy volunteers were enrolled in the SAD (n7=64) and MAD (= 40) parts, with all
except 3 healthy volunteers in the MAD part completing the study as planned (2 healthy
volunteers receiving placebo discontinued due to AEs and 1 volunteer was lost to follow-
up). A summary of the demographics of participants in the SAD and MAD parts is provided
in supplementary tables S1 and S2. All healthy volunteers and CF patients were male in the
SAD and MAD parts.

In the MES part, 80 patients were screened across 26 sites in 7 countries, 49 of whom

were randomized and 37 (76%) patients received icenticaftor therapy (supplementary figure
S1). All randomised patients completed this part of the study. Mutations present in CF
patients are presented in Table 1, and demographic features by mutation and dose groups are
presented in supplementary table S3. Twenty two patients had at least a Class 1V mutation,
and two patients had the S549N Class |1l mutation, whereas 25 patients were homozygous
for F508del. The total number of males (7= 30, 61%) was higher than females (7= 19,
39%) in the MES part. The mean (standard deviation [SD]) age of the study population was
30.1 (9.2) years; baseline values for efficacy endpoints (LCl, 5, FEV1, and sweat chloride)
were comparable between the icenticaftor dose groups and placebo in patients with CF
(Table 2 and supplementary table S3).

3.2. Safety outcomes

Icenticaftor was well tolerated at all exposures tested up to 1000 mg following SAD and
up to 750 mg bid following MAD in healthy volunteers. In the SAD and MAD part,
headache (14%) and dizziness (8%), and headache (20%), flatulence (15%), cough (13%),
and dizziness (8%), respectively, were the most commonly reported AEs across all doses
(supplementary tables S4, S5 and S6).

In the MES part, 150 and 450 mg bid doses of icenticaftor (across all patient sub-groups)
were well tolerated by CF patients with no unexpected events, deaths, or discontinuations.
Three patients experienced serious AEs: sinusitis (/7= 1) and pulmonary exacerbation of
CF (n=2); these events were not thought to be related to the study medication. The
overall incidence of CF patients experiencing at least 1 AE was 82% across the treatment
groups with 67% in the pooled placebo group. All AEs observed in these patients were
mild-to-moderate in intensity and resolved by the end of the study (supplementary table
S6). AEs suspected to be related to the study drug were reported in a total of 20 patients
including 3 patients from the placebo group and 17 patients from the icenticaftor treatment
groups. The most frequent AEs considered related to study drug were nausea (12.2%),
headache (10.2%), and fatigue (6.1%); these events were observed in patients receiving
icenticaftor 450 mg bid (supplementary table S7). Clinical biochemistry, hematology,
urinalysis, electrocardiogram, vital signs, and pulse oximetry results did not indicate any
clinically significant safety concerns.

J Cyst Fibros. Author manuscript; available in PMC 2022 March 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kazani et al.

Page 7

3.3. Pharmacokinetics

In the SAD and MAD parts, the absorption of icenticaftor was moderate-to-rapid following
the administration of od and bid doses. Results of PK analysis from SAD are presented

in supplementary tables S8 and S9. In the MES part, absorption of icenticaftor was rapid-to-
moderate with a median T« 0f ~2—3 h after administration of 150 or 450 mg bid doses.
Following the 150 mg twice daily doses, the mean maximum serum concentration (Cpay)
was 419 ng/mL after the first dose on Day 1 and 632 ng/mL on Day 14. After the 450

mg twice daily doses the mean Cyax Was 1950 ng/mL on Day 1 and 4080 ng/mL on Day
14, respectively. Icenticaftor had over dose-proportional exposure. At steady-state, the mean
Cmax and area under the curve (AUC) increased ~6— and 10—fold, respectively, with a 3-fold
increase in dose. Icenticaftor exposure was moderately variable within patients after both
single and multiple dosing (supplementary table S10)

3.4. Efficacy

3.4.1. Patients with Class Ill and IV mutations—Since both Class Ill and 1V
mutations reside at the cell surface and respond robustly to icenticaftor /n vitro, they were
pooled for the efficacy analysis. In the icenticaftor 450 mg bid group, the difference in
posterior mean change from baseline relative to pooled placebo for LCl, 5 was —1.13 (90%
credible interval (Crl): —2.60, 0.28) and for % predicted FEV1 was 6.46 (90% Crl: 2.19,
10.68). These results indicate a beneficial treatment effect with icenticaftor as compared

to placebo with a probability of 90.2% for LCl, 5 and 99.3% for FEV1. The difference

in posterior mean change from baseline for sweat chloride relative to pooled placebo

was —8.36 (90% Crl: —19.53, 2.76) mmol/L with icenticaftor 450 mg bid, indicating a
beneficial treatment effect with icenticaftor compared to placebo, with a probability of
89.3% (Table 3). The 150 mg bid group showed a smaller effect on both endpoints.
Clinically meaningful improvements in mean CFQ-R scores were observed in the respiratory
domain in icenticaftor 450 mg bid group (6.06, range —66.7 to 33.3) compared with the
pooled placebo group (-1.85, range —22.2 to 22.2) and known MCID of 4 (Fig. 2).

All patients returned to baseline for all efficacy endpoints at Day 28 following the end of
treatment on Days 14/15 (supplementary figures S2 and S3).

3.4.2. Patients with homozygous F508del mutation—The icenticaftor 450 mg
bid group with patients homozygous for the F508de/ mutation was stopped at an interim
analysis because the posterior probability of demonstrating meaningful changes in any
efficacy endpoint was low. The mean change in LCl, 5 was 0.48 (90% Crl: -1.82, 0.86) and
for FEV1 was 0.53 (90% Crl: —2.19, 3.20). Other endpoints were similarly unaffected by
icenticaftor therapy (Table 3, Fig. 2).

4. Discussion

In this first-in-human trial, icenticaftor was well tolerated in both healthy volunteers and CF
patients. Icenticaftor was well tolerated at all exposures tested up to 750 mg bid in healthy
volunteers and up to 450 mg bid in CF patients (with both Class 11 and 1V or homozygous
F508del mutations) with no unexpected AEs or deaths. Furthermore, the multi-dose efficacy
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study (MES) showed that monotherapy with icenticaftor was associated with clinically
important improvements in lung function and overall health status and a reduction in sweat
chloride in patients with Class 111 and IV mutations. However, initial clinical data from CF
patients homozygous for the £F508de/ mutation did not demonstrate evidence of efficacy with
icenticaftor monotherapy.

Discovery and development of icenticaftor was driven by the objective of providing a

CFTR potentiator that is effective in improving lung function and patient symptoms, as a
monotherapy or as part of a combination CFTR modulator therapy for patients with CF.
Patients with Class I1l and IV CFTR mutations are known to respond to monotherapy with

a CFTR potentiator [5,18]; hence, CF patients with these mutations were recruited in this
study and evaluated in dose response. We observed a clinically beneficial improvement in
sweat chloride and in FEV4 and LCls 5 in these patients compared with placebo. The results
were comparable in similar populations tested with ivacaftor, although the magnitude did
vary according to the CFTR mutation and its relative responsiveness [18,19,21]. Longer term
studies would be needed to confirm these findings, but based on changes in sweat chloride
and FEV1, we would expect similar long term clinical benefits with CFTR potentiation. This
group also demonstrated clinically significant improvements in CFQ-R, thus substantiating
the efficacy of icenticaftor in this subgroup of CF patients with the 450 mg bid regimen.
Effect sizes observed in this group were similar to those demonstrated with ivacaftor in
patients with Class IV mutations [19]. While the 150 mg bid regimen showed a lesser

effect, the heterogeneity of the mutations across the two active cohorts complicates firm
conclusions regarding dose response. Due to this genetic heterogeneity and the overall small
sample size, further studies are needed to better describe the efficacy profile of icenticaftor
in CF patients with Class 11l & 1V mutations.

Icenticaftor did not demonstrate efficacy in patients homozygous for the more complex
F508del mutation, which is associated with a processing and trafficking defect of the CFTR
protein that reduces protein resident at the cell surface requisite for a pharmacological
benefit. These observations suggest that, similar to ivacaftor, monotherapy with icenticaftor,
is not clinically sufficient in this subgroup of patients [17,19,20] and that combination
therapy of icenticaftor with a corrector is required to observe a clinical benefit [15]. Since
icenticaftor demonstrated bioactivity in patients with Class 111 and IV mutations, icenticaftor
has the potential to be useful when used in a combination therapeutic with CFTR correctors
in patients.

In the PK analyses of the SAD and MAD parts of the study, following oral administration
of icenticaftor, the median time taken to reach the maximum systemic concentration ranged
from 0.8-4 h. Overall, the mean half-life of icenticaftor was 10-13 h in healthy volunteers.
In the MES part, icenticaftor was absorbed rapidly after administration to CF patients.

The PK profile for icenticaftor showed variability between single and multiple dosing in
heterozygous (F508del mutation) CF patients with a gating or residual function mutation
(Class Il and 1V).

This was a first-in-human study, which also explored proof-of-concept in the clinical
development program of icenticaftor. The design enabled the assessment of icenticaftor
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tolerability and PK in healthy volunteers and a rapid transition into CF patients for the
assessment of additional selected pharmacodynamic effects. However, the relatively mixed
and small number of specific genotypes together with the limitation to only 2 weeks of
treatment potentially affected the breadth of clinical experience gathered in this study.
Therefore, results of this study need to be interpreted with caution and additional studies
are required to fully appreciate the safety and efficacy profile of icenticaftor across multiple
CF populations and possibly other indications that may benefit from the potentiation of the
CFTR channel.

5. Conclusions

Icenticaftor, a potentiator of membrane-associated CFTR, was safe and well tolerated in
healthy volunteers and patients with CF over a 2-week treatment period. Furthermore,
icenticaftor demonstrated efficacy (improvement in FEV4, CFQ-R, LCl, 5, and decrease in
sweat chloride) in CF patients heterozygous for Class 1V mutations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The first-in-human, multi-part, multi-cohort, randomized, double-blind, placebo-controlled,
dose-escalation study of ascending single and multiple oral doses of icenticaftor over 14 days

Part 1: Part 2:
Single ascending dose Multiple ascending dose
(SAD)t , (MAD)"

Icenticaftor 10 mg Icenticaftor 150 mg od Icenticaftor 150 mg bid

Icenticaftor 25 mg Icenticaftor 400 mg od Icenticaftor 450 mg bid
Icenticaftor 450 mg" bid
(F508del/F508del

mutation)

Icenticaftor 75 mg Icenticaftor 750 mg od

Icenticaftor 150 mg Icenticaftor 450 mg bid
Icenticaftor 300 mg Icenticaftor 750 mg bid
Icenticaftor 500 mg*
Icenticaftor 750 mg

Icenticaftor 1000 mg

Fig. 1. Overall study overview and patient disposition.
T Healthy volunteers were randomized in to (3:1 ratio) for 14 days to icenticaftor (7=

6) or placebo (7= 2); ¥ Following completion of dosing, 5 out of 6 subjects received an
additional dose for preliminary evaluation of effect of food on icenticaftor pharmacokinetics.
Hence, the total number subjects remains 64; Sicenticaftor was administered to patients with
cystic fibrosis (Class 11 and 1V or F508del/F508del mutation) for 14 days; icenticaftor

150 mg bid (n7= 6), Placebo (n= 2); icenticaftor 450 mg bid(n = 12), Placebo (n = 4);
icenticaftor 450 mg bid (F508del/F508del mutation, n= 19), Placebo (7= 6); TThe planned
enrolment in icenticaftor 450 mg bid was 32 patients who were homozygous for the F508del
mutation; however, study enrolment was discontinued in this cohort based on results of
interim analysis of 16 of 25 enrolled patients which suggested futility

bid, twice daily; DMC, data monitoring committee, MAD, multiple ascending dose; MES,
multi-dose efficacy study; od, once daily; SAD, single ascending dose.
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Fig. 2.

-= |centicaftor 450 mg bid

Icenticaftor 150 mg bid

-= Icenticaftor 450 mg bid

-« |centicaftor 450 mg bid F508del -v- Pooled Placebo

The Shaded grey area represent 14 days of treatment period

Arithmetic mean (SD) change from baseline for PD endpoints (LCl, 5, FEV1 % of predicted,
sweat chloride mmol/L and respiratory domain score of the CFQ-R) at Day 14 or 15 by time

point, groups and treatment in MES.

bid, twice daily; CFQ-R, cystic fibrosis questionnaire-revised; FEV1, forced expiratory
volume in one second; LCI, lung clearance index; MAD, multiple ascending dose; MES,
multi-dose efficacy study; PD, pharmacodynamics; SAD, single ascending dose; SD,

standard deviation.
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