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Rationale: Excess mucus plays a key role in COPD pathogenesis. Cigarette smoke-induced 
cystic fibrosis transmembrane conductance regulator (CFTR) dysfunction may contribute to 
disease pathogenesis by depleting airway surface liquid and reducing mucociliary transport; 
these defects can be corrected in vitro by potentiating CFTR.
Objective: To assess the efficacy of the CFTR potentiator icenticaftor in improving airflow 
obstruction in COPD patients with symptoms of chronic bronchitis.
Methods: In this double-blind, placebo-controlled study, COPD patients were randomized 
(2:1) to either icenticaftor 300 mg or placebo b.i.d. This non-confirmatory proof of concept 
study was powered for lung clearance index (LCI) and pre-bronchodilator FEV1, with an 
estimated sample size of 90 patients. The primary endpoint was change from baseline in LCI 
for icenticaftor versus placebo at Day 29; key secondary endpoints included change from 
baseline in pre- and post-bronchodilator FEV1 on Day 29. Key exploratory endpoints included 
change from baseline in sweat chloride, plasma fibrinogen levels, and sputum colonization.
Results: Ninety-two patients were randomized (icenticaftor, n=64; placebo, n=28). At Day 
29, icenticaftor showed no improvement in change in LCI (treatment difference: 0.28 [19% 
probability of being better than placebo]), an improvement in pre-bronchodilator FEV1 

(mean: 50 mL [84% probability]) and an improvement in post-bronchodilator FEV1 (mean: 
63 mL [91% probability]) over placebo. Improvements in sweat chloride, fibrinogen and 
sputum bacterial colonization were also observed. Icenticaftor was safe and well tolerated.
Conclusion: The CFTR potentiator icenticaftor increased FEV1 versus placebo after 28 
days and was associated with improvements in systemic inflammation and sputum bacterial 
colonization in COPD patients; no improvements in LCI with icenticaftor were observed.
Keywords: chronic obstructive pulmonary disease, chronic bronchitis, cystic fibrosis 
transmembrane conductance regulator potentiator, CFTR potentiator, mucociliary 
clearance, icenticaftor; QBW251

Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive lung disease 
characterized by persistent airflow obstruction.1 Cigarette smoke exposure is con-
sidered the primary risk factor for COPD.2 While all COPD patients demonstrate 
airflow limitation, the disease is heterogeneous: at one extreme is chronic bronchitis 
(CB), and at the other is emphysema. The relative contributions of these two 
phenotypes vary from person-to-person, with many patients exhibiting features of 
both.1
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Pathologically, small airway disease is characterized by 
increased numbers of goblet cells and mucus plugging, 
with associated smooth muscle hyperplasia, airway fibro-
sis, and increased inflammation.3,4 Evidence suggests that 
small airway disease precedes emphysematous destruction 
and small airway pathologic changes correlate with the 
degree of airway obstruction and disease severity in 
COPD.3–5 Excess mucus secretion is believed to play an 
important role in COPD pathogenesis,6,7 and is associated 
with a more rapid decline in pulmonary function, an 
increased risk of exacerbations and hospitalization, and 
increased risk of mortality.8–13

Smoking-induced acquired dysfunction of the cystic 
fibrosis transmembrane conductance regulator (CFTR), 
a membrane protein and anion channel located at the 
apical surface of epithelial cells, may contribute to 
COPD pathogenesis. In vitro, induced CFTR dysfunction 
results in a reduction of airway surface liquid (ASL) and 
decreased mucociliary transport (MCT).14–17 In clinical 
studies, cigarette smokers and COPD patients exhibit 
reduced CFTR function in upper and lower airways as 
well as systemically, which is associated with CB.14,18–21 

Considering the importance of mucus hypersecretion, 
chronic airway inflammation and recurrent infections in 
both COPD and cystic fibrosis (CF), this data suggests that 
acquired CFTR dysfunction contributes to the pathophy-
siology of COPD.

CFTR potentiators, a new class of medications for 
CF, which correct underlying gating defects in mutant 
CFTR, may represent a viable therapeutic approach for 
COPD.20 In vitro, the CFTR potentiator ivacaftor 
restores CFTR-dependent chloride transport in cigarette 
smoke-exposed epithelial cells and improves the down-
stream effects of epithelial function, including MCT, 
ASL depth and ciliary beating.17,20 Preclinical data 
with roflumilast, a phosphodiesterase 4 inhibitor that 
reduces the risk of exacerbations in COPD patients 
with CB, suggest that CFTR activation may contribute 
to the roflumilast mechanism of action via phosphoryla-
tion of the CFTR regulatory domain and partial restora-
tion of CFTR-dependent chloride transport in cigarette 
smoke-exposed epithelial cells.22 Clinically, only limited 
data are available for CFTR potentiators in COPD: one 
small pilot study of 2-weeks of ivacaftor in 12 COPD 
patients revealed non-statistically significant improve-
ments in sweat chloride, nasal potential difference and 
symptoms score compared with placebo.23

Icenticaftor (QBW251), an orally bioavailable small mole-
cule CFTR potentiator, can restore CFTR function in specific 
CFTR genotypes as well as wild-type CFTR (details in supple 
mentary appendix). In an unpublished study in people with CF, 
icenticaftor improved sweat chloride and pulmonary function 
in individuals with particular CFTR mutations localized to the 
cell surface.24 This study evaluated the efficacy of 28 days of 
icenticaftor administration in 92 patients with moderate-to- 
severe COPD and CB to test the hypothesis whether CFTR 
potentiation with icenticaftor can improve pulmonary function 
and reduce air trapping in these patients.

Methods
Study Design and Participants
This was a multicenter, double-blind, randomized, pla-
cebo-controlled, Phase 2 study conducted in subjects 
with moderate-to-severe COPD (clinicaltrials.gov number: 
NCT02449018). The study included a 2-week, single- 
blind, placebo run-in period, to ensure the stability of the 
baseline COPD treatment regimen. Subjects then received 
either icenticaftor or placebo during a 4-week double-blind 
treatment period, followed by a 4-week single-blind pla-
cebo follow-up period (to assess the duration of effect), 
with a final efficacy assessment on Day 56 (Figure 1).

Patients aged ≥35 and ≤75 years with a diagnosis of 
COPD and symptoms of CB and with lung clearance index 
(LCI) ≥8 at screening were included. Patients diagnosed with 
severe bronchiectasis or significant radiographic emphysema 
were excluded. Whole lung emphysema extent <25% (TLC 
% < −950 HU) and quantitative air trapping >15% (RV 
>15% −856 HU) were assessed by high resolution computed 
tomography (HRCT) for inclusion. Additional criteria are 
provided in the supplementary material (Table E1).

The study protocol and its amendments were reviewed by 
the Independent Ethics Committee and/or Institutional 
Review Board of each study center; please refer to the 
supplementary appendix for more details on participating 
study centres and principal investigators. The study was 
conducted according to the ethical principles of the 
Declaration of Helsinki. Informed consent was obtained 
from each patient in writing before any procedure.

Data Availability
Novartis will not provide access to patient-level data, if 
there is a reasonable likelihood that individual patients 
could be re-identified. In addition, clinical data, in some 
cases, have been collected subject to contractual or 
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consent provisions that prohibit transfer to third parties. 
Such restrictions may preclude granting access under these 
provisions. Where co-development agreements or other 
legal restrictions prevent companies from sharing particu-
lar data, companies will work with qualified requestors to 
provide summary information where possible.

Procedures and Outcomes
The primary endpoint was the change from baseline in LCI, 
which represents the cumulative expired volume required to 
wash out nitrogen to 2.5% of the starting concentration, 
normalized to the functional residual capacity of the 
lung.25 Key secondary endpoints included the mean change 
from baseline in pre- and post-bronchodilator FEV1 at Day 
29, as well as additional spirometry and lung volumes 
measurements. Spirometry was performed according to 
American Thoracic Society (ATS) guidelines.26

Key exploratory endpoints were changed from baseline 
to Day 29 in sweat chloride (to assess CFTR activity), 
peripheral biomarkers including plasma fibrinogen and 

C-reactive protein (CRP) levels, whole lung and regional 
air trapping quantification from expiratory phase (RV) 
HRCT scans, and sputum colonization. The collection of 
spontaneous sputum samples was attempted at all study 
visits, and sputum was sent to a central vendor for quanti-
fication of colony-forming units (CFUs) for key COPD 
pathogens.

Safety assessments included collecting all adverse 
events (AEs), serious AEs (SAEs), along with their severity 
and relationship to the study drug. The study also assessed 
the pharmacokinetics (PK) of icenticaftor in these patients 
and patient-reported outcome (PRO) questionnaires 
(St. George’s Respiratory Questionnaire (SGRQ) and 
Baseline/Transition Dyspnea Index [BDI/TDI]); full details 
are provided in the supplementary appendix.

Statistical Analysis
Efficacy data were analyzed in patients who received 
any treatment and had available pharmacodynamic data 
with no major relevant protocol deviations (see 

Icenticaftor 300 mg b.i.d.**

Placebo b.i.d.

Day 1 Day 14 Day 29 Day 56 

Figure 1 Study design. *Primary efficacy assessments on Day 29–12 hours after the last dose of icenticaftor. **A total of 92 patients were randomized. The first 4 patients in 
the study received icenticaftor 450 mg b.i.d. or placebo, prior to the protocol amendments reducing the dose to icenticaftor 300 mg b.i.d. #Patients continued on 
background COPD therapy throughout the study. During the entire study duration, subjects were maintained on stable baseline COPD therapy. 
Abbreviations: b.i.d., twice daily; EOS, end of study.
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Supplementary appendix). The safety set included all the 
patients who received any study drug.

Statistical analysis of all continuous endpoints was per-
formed for the comparison of icenticaftor versus placebo on 
Day 29 using a Bayesian model for repeated measures.27 The 
model included effects for age, GOLD status (GOLD 2013), 
smoking status, treatment-by-time interaction, and baseline- 
by-time interaction. Contrasts for treatment differences and 
time point were provided together with 90% two-sided cred-
ible intervals (CrI) under Bayesian framework and the pos-
terior probability that the treatment effect with icenticaftor is 
better than the placebo was derived. Posterior probabilities 
≥90% were considered as a statistically significant signal of 
efficacy. For prebronchodilator FEV1, a meta-analysis of 
similar Novartis COPD trials gave previous knowledge 
about week 4 placebo response (ie mean of 0.02 L worse 
with SD=0.05). The impact of using this weakly informative 
prior in a Bayesian analysis meant that 14 fewer placebo 
subjects were required. Non-informative priors were used 
otherwise. Except for Week 4 pre-bronchodilator FEV1, non- 
informative priors were used throughout the analysis. All 
efficacy analyses used SAS 9.4 PROC MCMC.

Results
Patients
From April 30th 2015 through November 30th 2016, 331 
patients were screened for eligibility at 16 clinics in 2 
countries (USA and Poland). Ninety-two patients were 

randomized, 64 to icenticaftor and 28 to placebo. Fourteen 
patients (placebo, n=2; icenticaftor, n=12) discontinued the 
study (Figure 2). Six patients (1 [4%] in placebo and 5 [8%] 
in icenticaftor) discontinued the study due to adverse events 
or meeting individual stopping rules (including COPD 
exacerbation). The placebo discontinuation was due to diar-
rhea (n=1), and the icenticaftor discontinuations were due to 
the following: (1) CVA (n=1) during placebo follow-up 
period (2) vomiting and diarrhea (n=1), and the remaining 
(n=3) were due to COPD exacerbations. Of note, the first 4 
patients randomized in this study received icenticaftor 
450 mg (n=2) or placebo (n=2) b.i.d., prior to an amendment 
reducing the dose to icenticaftor 300 mg b.i.d. The dose was 
reduced to 300 mg b.i.d. when pharmacokinetic data became 
available from two ongoing icenticaftor studies suggesting 
exposure with the 450 mg b.i.d. dose may exceed initial 
assessments of safe exposure coverage from short-term tox-
icology studies; however, subsequent assessments including 
long-term toxicology studies indicate that 450 mg b.i.d. is 
a safe dose and this dose is being studied in an ongoing 
Phase 2b study (see supplemental appendix for more details 
Figures E2, E3 and Tables E5, E6).

Baseline demographics and clinical characteristics were 
balanced between the groups (Table 1). Patients were pre-
dominantly Caucasian (97%) with a mean age of 64 years 
and a baseline FEV1 of 1.5 L (51% predicted). At baseline, 
mean sweat chloride was 23 mmol/l, reflecting an element of 
acquired CFTR dysfunction in some individuals.19 Subjects 

Figure 2 Patient disposition.
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continued background COPD therapy during the study. 
LABA/LAMA use was balanced between the groups; 
a minor imbalance was observed in ICS use, with 64% of 
placebo subjects receiving ICS versus 41% of active subjects.

Efficacy
For LCI, icenticaftor showed no improvement in the change 
from baseline to Day 29 compared with placebo, with 
a treatment difference in posterior mean change from base-
line of 0.28 (90% CrI: −0.24, 0.79). The probability of the 
icenticaftor effect being better than placebo was 19%. For 
pre- and post-bronchodilator FEV1, icenticaftor demon-
strated an improvement in the change from baseline to Day 

29 compared with placebo, with a treatment difference in 
posterior mean change from baseline of 0.05 L (90% CrI: 
−0.03, 0.13) for pre-bronchodilator FEV1 and 0.06 L (90% 
CrI: −0.02, 0.14) for post-bronchodilator FEV1. The 
observed 4-week placebo response for pre-bronchodilator 
FEV1 was consistent with assumptions made during the 
statistical design stage. The probability of the icenticaftor 
effect being better than placebo was 84% for pre- 
bronchodilator FEV1 and 91% for post-bronchodilator 
FEV1 with the raw mean data depicted in Figure 3 and the 
statistical model presented in Table 2. During the placebo 
follow-up period, there was a trend back towards baseline 
values for both the pre- and post-bronchodilator FEV1 

Table 1 Patient Demographics and Clinical Characteristics at Baseline (Safety Set)

Parameters Placebo 
N=28

Icenticaftor 
N=64

Total 
N = 92

Age (years) 64.9 ± 7.55 63.6 ± 6.61 64.0 ± 6.89

Gender, n (%)
Male 19 (67.9%) 33 (51.6%) 52 (56.5%)

Female 9 (32.1%) 31 (48.4%) 40 (43.5%)

Country, n (%)
USA 28 (100%) 61 (95.3%) 89 (96.7%)

Poland 0 (0%) 3 (4.7%) 3 (3.3%)

Caucasian, n (%) 28 (100%) 61 (95%) 89 (97%)
BMI (kg/m2) 28.0 ± 4.86 27.7 ± 3.77 27.8 ± 4.11

Smoking status, n (%)
Current 16 (57%) 37 (58%) 53 (58%)

Former 12 (43%) 27 (42%) 39 (42%)

Severity of airflow obstruction, n (%)
2 – Moderate 15 (54%) 33 (52%) 48 (52%)

3 – Severe 13 (46%) 29 (45%) 42 (46%)
4 – Very severe – 2 (3%) 2 (2%)

Background treatment, n (%)
LABA 17 (61%) 27 (42%) 44 (48%)

LAMA 6 (21%) 22 (34%) 28 (30%)

ICS 18 (64%) 26 (41%) 44 (48%)
LABA and/or LAMA 17 (61%) 38 (59%) 55 (60%)

LCI-2.5a 9.9 ± 1.29 10.6 ± 1.40 10.4 ± 1.40
FEV1 pre-bronchodilator (L)b 1.5 ± 0.48 1.4 ± 0.41 1.4 ± 0.43

FEV1 post-bronchodilator (L)b 1.6 ± 0.47 1.5 ± 0.45 1.5 ± 0.45

FEV1% predicted post-bronchodilator (%)b 52.0 ± 12.02 50.6 ± 10.67 51.1 ± 11.06
Sweat chloride (mmol/L)c 22.8 ± 17.70 23.2 ± 14.34 23.0 ± 15.40

Fibrinogen (g/L)d 3.1 ± 0.76 3.3 ± 0.70 3.2 ± 0.72

Notes: Data presented as mean ± SD, unless otherwise specified. GOLD 2: 50%≤FEV1<80% predicted; GOLD 3: 30%≤FEV1<50% predicted; GOLD 4: FEV1<30% predicted. 
Data on LCI, FEV1, sweat chloride and fibrinogen were analyzed in efficacy set: an=25 in placebo group; n=52 in icenticaftor group; bn=25 in placebo group; n=53 in 
icenticaftor group; cn=16 in placebo group; n=30 in icenticaftor group; dn=24 in placebo group; n=51 in icenticaftor group. 
Abbreviations: b.i.d., twice daily; BMI, body mass index; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, 
inhaled corticosteroids; LABA, long-acting beta-2 agonist; LAMA, long-acting muscarinic antagonist; LCI, lung clearance index.
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improvements. This met predefined criteria for treatment 
success based on the Bayesian analysis employed

The results for additional pulmonary function assess-
ments are presented in Table E2. On Day 29, the differ-
ence of icenticaftor to placebo in estimated mean change 
from baseline suggests numerical improvement for multi-
ple endpoints, including FVC, forced expiratory volume in 
6 seconds (FEV6), forced expiratory flow (FEF25–75) and 
inspiratory capacity (IC) measured pre- and post- 
bronchodilator, with the FEF25–75 post-bronchodilator 
reaching statistical significance. There was no improve-
ment in RV. Two patient-reported outcomes were included 
in this study (BDI/TDI and SGRQ) and no improvement 
was seen with icenticaftor as compared to placebo (supple 
mentary appendix).

Icenticaftor decreased sweat chloride levels, a reflection of 
improved CFTR activity, with the estimated differences (icen-
ticaftor [n=19] vs placebo [n=11]) in posterior mean change 
from baseline of −5.04 mmol/L (90% CrI: −11.12, 0.94), with 
a 92% probability that the icenticaftor effect is better than 
placebo on Day 29. This change reverted upon cessation of 
the study drug (Figure 4A). Fibrinogen (icenticaftor [n=48] vs 
placebo [n=23]) and CRP (icenticaftor [n=51] vs placebo 
[n=24]) were measured to assess icenticaftor impact on sys-
temic inflammation. Icenticaftor decreased fibrinogen levels, 
an acute phase reactant, from baseline to Day 29 versus 
placebo with an estimated difference in posterior mean change 
from baseline of −0.39 g/L (90% CrI: −0.65, −0.13) with 
a 99% probability of the icenticaftor effect being better than 
placebo (Figure 4B). While the baseline CRP was elevated in 

these patients, the treatment effect of icenticaftor on CRP was 
not meaningfully different compared with placebo (difference: 
−1.20 mg/L; 90% CI: −6.19, 3.79).

Sputum CFU analysis suggested that a higher proportion 
of patients with evidence of colonization at baseline were 
able to clear detectable bacterial colonization in the icenti-
caftor group on Day 29 (23% icenticaftor vs 13% placebo) 
and at EOS (38% icenticaftor vs 20% placebo). At EOS, the 
predicted odds of response (ie, no pathogen) for icenticaftor 
was 2.6 times that of placebo, with a 90% CrI of 0.6 (placebo 
better than active) to 14 (a 14-fold increase in bacterial 
clearance). The posterior probability that this treatment effect 
is better than that of placebo was 89% (See supplemental 
Table E3 for details on specific pathogens).

From the quantitative image analysis of volumetric 
HRCT RV scans, measures of whole lung image intensity 
below −856 HU at Day 29 compared to the screening value 
suggested a numerical improvement in global air trapping 
percentage [(estimated mean difference for icenticaftor 
[n=49] vs placebo [n=22]) of −0.50 (90% CrI: −3.74, 
2.75)]. This data suggests a decrease in air trapping after 4 
weeks of treatment but was not statistically significant. Lobar 
regional analysis did not reveal any significant local reduc-
tions in air trapping, and the range across the lobes varied 
from 15% to 100% suggesting regional heterogeneity despite 
the global threshold set for inclusion of >15%.

The overall effects of icenticaftor on different end points 
are presented in a radar plot (Figure E1); overall, this sug-
gested an improvement in several domains of COPD lung 
disease with icenticaftor treatment as compared to placebo.

Figure 3 Raw mean change from baseline per treatment arm over time for pre-bronchodilator FEV1, post-bronchodilator FEV1, and lung clearance index (LCI). Numbers at 
each data point represent number of patients; error bars are indicative of standard error. 
Abbreviations: EOS, end of study; FEV1, forced expiratory volume in 1 second; LCI, lung clearance index.
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Figure 4 Mean change from baseline for sweat chloride (A) and fibrinogen (B) over time. Numbers at each data point represent number of patients; error bars are 
indicative of standard error.

Table 2 Modeled Data on Change from Baseline of LCI and FEV1 Pre- and Post-Bronchodilator (Efficacy Set)

Visit Treatment Raw Posterior Distribution Posterior Distribution of Treatment Difference versus Placebo (Icenticaftor– 
Placebo

N Mean ± SD Mean ± SD Mean ± SD 90% CrI Probability (Icenticaftor Better Than Placebo)

LCI–2.5

Day 14 Placebo 25 0.18 ± 1.01 0.11 ± 0.22 −0.49 ± 0.26 −0.92, −0.05 0.97

Icenticaftor 49 −0. 40 ± 1.08 −0.38 ± 0.15

Day 29 Placebo 24 −0.16 ± 1.15 −0.29 ± 0.26 0.28 ± 0.31 −0.24, 0.79 0.19

Icenticaftor 50 −0.03 ± 1.28 −0.01 ± 0.18

FEV1 pre-bronchodilator (L)

Day 14 Placebo 25 −0.06 ± 0.16 −0.06 ± 0.04 0.09 ± 0.05 0.01, 0.17 0.97

Icenticaftor 52 0.04 ± 0.23 0.03 ± 0.03

Day 29 Placebo 23 −0.02 ± 0.23 −0.01 ± 0.04 0.05 ± 0.05 −0.03, 0.13 0.84

Icenticaftor 51 0.04 ± 0.24 0.04 ± 0.03

FEV1 post-bronchodilator (L)

Day 14 Placebo 25 −0.01 ± 0.12 −0.01 ± 0.03 0.05 ± 0.04 −0.02, 0.11 0.89

Icenticaftor 52 0.04 ± 0.18 0.04 ± 0.02

Day 29 Placebo 24 −0.02 ± 0.16 −0.02 ± 0.04 0.06 ± 0.05 −0.02, 0.14 0.91

Icenticaftor 51 0.05 ± 0.21 0.04 ± 0.03

Note: Icenticaftor administered at a dose of 300 mg b.i.d. orally. 
Abbreviations: b.i.d., twice daily; Crl, credible intervals; FEV1, forced expiratory volume in 1 second.
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Safety
Icenticaftor was well tolerated in the study population and 
did not lead to any safety signals. Overall, 40.6% and 
39.3% of patients in the icenticaftor and placebo groups, 
respectively, reported ≥1 AE. Most frequently observed 
AEs in both icenticaftor- and placebo-treated patients 
were COPD exacerbation and diarrhea (Table E4). Most 
AEs were of mild-to-moderate intensity with comparable 
incidences between the groups. Six patients discontinued 
the study drug due to AEs. Six SAEs were reported in four 
patients in the icenticaftor group, of which two SAEs 
(vomiting and hypokalemia) in one patient were consid-
ered possibly related to study drug. No deaths were 
reported during the study.

Discussion
Goblet cell hyperplasia, mucus hypersecretion, and small 
airway disease are central to the pathogenesis of COPD, 
with recent evidence suggesting that smoking-induced 
acquired CFTR dysfunction contributes to airway dehy-
dration and mucus dysfunction in COPD. In this study, the 
CFTR potentiator icenticaftor increased FEV1 relative to 
placebo after 28 days of treatment by potentiating CFTR 
in patients with moderate-to-severe COPD and was asso-
ciated with improvements in systemic inflammation and 
sputum bacterial colonization as assessed by the Bayesian 
analysis employed in this study.

The primary endpoint in this study was LCI, derived 
from MBNW. With heterogeneous small airway obstruc-
tion, a greater expired volume is required for nitrogen 
washout resulting in increased LCI. LCI has been used 
effectively in CF clinical trials, primarily in patients with 
early-stage disease and minimal airway obstruction, and is 
believed to be more sensitive in detecting disease in per-
ipheral airways not detected with a measure such as 
FEV1.

28 LCI has been shown to be elevated in COPD 
patients,29 but has not been used previously in COPD 
clinical trials to evaluate efficacy. LCI was selected as 
the primary endpoint assuming that variability in LCI is 
lower than FEV1, given the short treatment period (28 
days), the icenticaftor mechanism of action (larger effect 
expected on small airways, which would theoretically be 
better reflected in LCI), and past experience with LCI with 
CFTR potentiator therapy in cystic fibrosis.30,31 However, 
icenticaftor did not demonstrate a clinically nor statisti-
cally important improvement in LCI versus placebo at the 
end of the 4-week treatment period.

Given the uncertainties in LCI as a primary endpoint, the 
study was also prospectively designed and powered to assess 
the effects of icenticaftor on FEV1. A Bayesian approach was 
employed for pre-bronchodilator FEV1, using a weakly 
informative prior based on existing placebo data in the 
literature;32 this approach allowed for a smaller placebo 
sample size. For pre- and post-bronchodilator FEV1, efficacy 
with icenticaftor over placebo was observed as early as on 
Day 14, and at the EOS, the mean FEV1 had returned to 
baseline, suggesting washout of potentiator efficacy. The 
magnitude of improvement in pre- and post-bronchodilator 
FEV1 are within the range of improvements noted for roflu-
milast, an oral phosphodiesterase-4 inhibitor with an anti- 
inflammatory mechanism of action (38 mL to 80 mL with 6 
months’ to 1-year treatment duration), and was considered as 
evidence of a clinically relevant effect.22,33–36

Additional spirometry and lung volume secondary and 
exploratory efficacy endpoints also demonstrate numerical 
improvement for icenticaftor over placebo. Improvement 
was not observed in RV, but this was measured using 
MBNW; unlike plethysmography, MBNW cannot be 
effectively used to assess “trapped air” which may explain 
the discordance between IC and RV.37

At baseline, the sweat chloride analysis suggests CFTR 
dysfunction (mean 23 mmol/L), within the range of what 
has been reported previously in COPD patients;23 how-
ever, the sample size was lower than expected as not all 
patients provided samples. Despite low severity CFTR 
dysfunction at baseline, the sweat chloride data demon-
strated significant improvement in CFTR activity on Day 
29, indicating icenticaftor potentiates wild-type CFTR and 
confirming the mechanism of action.

Inclusion thresholds for emphysema and air trapping 
based on HRCT were used in this study to enrich for moder-
ate to severe COPD subjects with small airway disease who 
may be more likely to demonstrate improvement with icenti-
caftor after 4-weeks of treatment. Despite the global thresh-
olds applied for inclusion, significant regional heterogeneity 
was observed in both the emphysema and air trapping lobar 
quantitative analysis. For the assessment of whole lung air 
trapping after 4-weeks of treatment, the mean change in 
HRCT suggests an overall numerical reduction in air trapping 
for patients who received icenticaftor versus placebo, con-
sistent with the hypothesis that icenticaftor will improve 
small airway obstruction.

Analysis of inflammatory biomarkers revealed 
a statistically significant decrease in fibrinogen with icenticaf-
tor. Fibrinogen has been approved as a prognostic biomarker 
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of COPD patients at high risk for exacerbations and/or all- 
cause mortality.38 While the clinical significance of 
a icenticaftor-induced decrease in fibrinogen is unclear, the 
change in fibrinogen supports a potential indirect anti- 
inflammatory effect for icenticaftor.

The exploratory analysis of bacterial colonization sug-
gests that icenticaftor may be associated with clearance of 
potential pathogens. Increasing evidence suggests that bac-
terial colonization is associated with airway inflammation, 
increased symptoms, and increased risk of exacerbation in 
COPD patients;39 the trend towards decreased colonization 
supports the hypothesis that icenticaftor may be able to 
impact this aspect of disease pathophysiology. Improved 
bacterial clearance has been reported with ivacaftor in some 
but not all CF studies.40–42 The mechanisms for bacterial 
colonization clearance may be related to icenticaftor- 
mediated improvements in MCC; in addition, CFTR also 
regulates bicarbonate secretion, whose effect on airway sur-
face liquid pH is important in the fight against pathogens,43 

and macrophages exposed to cigarette smoke demonstrate 
altered CFTR lipid rafts, resulting in impaired bacterial pha-
gocytosis and clearance.44 Together, these data suggest that 
in addition to improving MCC, icenticaftor may exert both 
direct and indirect host defense benefits.

This study has several limitations related to the small 
sample size and short treatment duration. While icenticaftor 
demonstrated no improvement in PROs (SGRQ and TDI) 
versus placebo (results presented in supplementary appendix), 
with only 28 days of exposure and small sample size, the 
usefulness of these assessments is limited. It is unknown 
whether longer duration icenticaftor treatment could improve 
PROs. Second, to maximize the ability to detect a signal with 
a small sample size, this study enriched the patient population 
specifically for symptoms of CB and absence of significant 
emphysema; the impact of icenticaftor in COPD subjects 
without these enrichment criteria is unknown. Lastly, it was 
not possible to collect information about exacerbations with 
this short study. As bacterial colonization is a risk factor for 
COPD exacerbations,39,45 the sputum CFU analysis is promis-
ing, but the impact of icenticaftor on exacerbations will need 
to be further assessed in future studies.

In summary, icenticaftor resulted in significant improve-
ment in FEV1 over placebo in patients with moderate-to- 
severe COPD and CB. Analysis of the inflammatory 
biomarker fibrinogen demonstrated a statistically signifi-
cant improvement in systemic inflammation, and explora-
tory analysis of sputum CFUs supported a reduction in 
bacterial colonization. Icenticaftor was well tolerated in 

these patients with a similar overall incidence of AEs 
between the icenticaftor and placebo groups. These results 
suggest that CFTR potentiation with icenticaftor represents 
a potential novel therapeutic approach in COPD and may 
provide a clinically relevant benefit on top of standard-of- 
care therapy, which will be further investigated in future 
clinical trials.
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