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Abstract

Background: Increased rates of respiratory adverse events have been observed in people ≥12 

years of age with cystic fibrosis homozygous for the Phe508del-CFTR mutation treated with 

lumacaftor/ivacaftor, particularly in those with percent predicted forced expiratory volume in 1 

s (ppFEV1) of <40%. We evaluated the safety, tolerability, and efficacy of tezacaftor/ivacaftor 

✩Data from this trial have been presented as a poster presentation at the Deutsche Mukoviszidose Tagung, 22–24 November 2018 in 
Wurzburg, Germany.
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in people with cystic fibrosis homozygous for Phe508del-CFTR who discontinued lumacaftor/

ivacaftor due to treatment-related respiratory signs or symptoms.

Methods: Participants ≥12 years of age with cystic fibrosis homozygous for Phe508del-CFTR 
with ppFEV1 of ≥25% and ≤90% were randomized 1:1 and treated with tezacaftor/ivacaftor or 

placebo for 56 days.

Results: Of 97 participants, 94 (96.9%) completed the study. The primary endpoint was 

incidence of predefined respiratory adverse events of special interest (chest discomfort, dyspnea, 

respiration abnormal, asthma, bronchial hyperreactivity, bronchospasm, and wheezing): tezacaftor/

ivacaftor, 14.0%; placebo, 21.3%. The adverse events were mild or moderate in severity. None 

were serious or led to treatment interruption or discontinuation. Overall, the discontinuation 

rate was similar between groups. The mean (SD) ppFEV1 at baseline was 44.6% (16.1%) with 

tezacaftor/ivacaftor and 48.0% (18.1%) with placebo. The posterior mean difference in absolute 

change in ppFEV1 from baseline to the average value of days 28 and 56 was 2.7 percentage points 

with tezacaftor/ivacaftor vs placebo.

Conclusions: Tezacaftor/ivacaftor was generally safe, well tolerated, and efficacious in people 

≥12 years of age with cystic fibrosis homozygous for Phe508del-CFTR with ppFEV1 of ≥25% and 

≤90% who previously discontinued lumacaftor/ivacaftor due to treatment-related respiratory signs 

or symptoms.
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1. Introduction

Cystic fibrosis (CF)–a rare, autosomal recessive, life-shortening disease–affects more than 

90,000 people worldwide [1]. CF is caused by mutations in the CF transmembrane 

conductance regulator (CFTR) gene that lead to decreased quantity and/or defective 

function of epithelial cell–surface CFTR proteins, resulting in reduced ion transport and 

dysfunction in numerous organ systems [2, 3]. Phe508del is the most prevalent CFTR 
mutation worldwide; approximately 45% of people with CF (pwCF) in the United States 

[4] and 38% with CF worldwide are homozygous for the Phe508del-CFTR mutation [5]. 

Addressing the underlying CFTR protein defect in pwCF homozygous for the Phe508del-

CFTR mutation has required the combination of a CFTR corrector to increase pro- cessing 

and trafficking of CFTR to the cell surface and a CFTR potentiator to increase channel 

open probability [6,7]. The corrector lumacaftor combined with the potentiator ivacaftor was 

the first CFTR modulator combination therapy approved to treat pwCF homozygous for the 

Phe508del-CFTR mutation [8,9]. Tezacaftor, an alternative CFTR corrector, in combination 

with ivacaftor, was later approved to treat pwCF ≥6 years old in the United States and ≥12 

years old in other regions with tezacaftor/ivacaftor-responsive mutations.

Lumacaftor/ivacaftor was generally well tolerated and efficacious across phase 3 clinical 

studies. However, pwCF ≥12 years of age homozygous for Phe508del-CFTR who received 

lumacaftor/ivacaftor (400 mg/250 mg every 12 hours) reported a higher incidence of certain 

respiratory adverse events (AEs) than pwCF who received placebo, including dyspnea 
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(13.0% vs 7.8%) and chest tightness (8.7% vs 5.9%) [10]. Additional studies revealed that 

these respiratory AEs occurred more frequently in pwCF with more severe lung disease 

(percent predicted forced expiratory volume in 1 s [ppFEV1] of <40%) [11,12]. A subgroup 

analysis of pooled data from phase 3 studies of lumacaftor/ivacaftor therapy in pwCF ≥12 

years of age homozygous for the Phe508del-CFTR mutation showed an increased incidence 

of respiratory AEs, most notably in pwCF with a ppFEV1 of <40% at baseline [13]. In 

an observational study, all 12 pwCF with a ppFEV1 of < 40% at screening treated with 

lumacaftor/ivacaftor experienced an acute decline in ppFEV1 from baseline to 2 hours 

that persisted at 24 hours but resolved in most pwCF after 1 month [14]. Because the 

respiratory AE profile may limit the use of lumacaftor/ivacaftor in pwCF homozygous for 

the Phe508del-CFTR mutation–particularly pwCF ≥12 years of age with a ppFEV1 of < 

40%–alternative CFTR modulator therapies have been evaluated.

The efficacy, safety, and tolerability of tezacaftor/ivacaftor were previously established in 

a randomized controlled clinical trial in pwCF ≥12 years of age homozygous for the 

Phe508del-CFTR mutation with a ppFEV1 between 40% and 90% [15]. The primary 

objective of this phase 3b study was to evaluate the respiratory safety of tezacaftor/ivacaftor 

in pwCF ≥12 years of age homozygous for the Phe508del-CFTR mutation with a ppFEV1 of 

≥25% and ≤90% who previously discontinued lumacaftor/ivacaftor due to respiratory signs 

or symptoms considered related to treatment with lumacaftor/ivacaftor. Some of the results 

of this study have been previously reported in the form of a poster [16].

2. Methods

2.1. Study design

This was a phase 3b, randomized, double-blind, placebo-controlled, parallel-group, 

multicenter study (study VX16–661-114; ClinicalTrials.gov identifier, NCT03150719; 

EudraCT number, 2017–000540-18). The study included a screening period (days –28 

through −1), a treatment period (days 1 through 56 ± 5 days), and a safety follow-up period 

(28 ± 7 days after the last dose of study drug). The treatment-emergent period included the 

time from the first dose of the study drug to the safety follow-up contact. Participants were 

stratified by age (<18 vs ≥18 years), sex, and ppFEV1 severity (<40% vs ≥40%) at screening 

and then randomized 1:1 to receive either placebo or the fixed-dose combination tablet of 

tezacaftor 100 mg/ivacaftor 150 mg in the morning and an ivacaftor 150-mg tablet in the 

evening for 56 days ( Supplementary Fig. 1 ). European participants who completed the day 

56 visit were able to enroll in a long-term, open-label safety study of tezacaftor/ivacaftor if 

they met eligibility criteria, and participants in the United States were given the opportunity 

to receive tezacaftor/ivacaftor through an expanded access program.

2.2. Study oversight

The protocol was approved by the institutional review board or ethics committee at each site. 

Written informed consent was obtained from each participant or caregiver before screening. 

Safety data were reviewed by an independent data monitoring committee.
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2.3. Study participants

People ≥12 years of age with CF homozygous for the Phe508del-CFTR mutation and 

a ppFEV1 of ≥25% and ≤90% who previously discontinued treatment with lumacaftor/

ivacaftor due to ≥1 respiratory sign or symptom considered related to treatment were 

eligible. Participants were required to have resolution or stabilization of respiratory signs 

and symptoms >28 days prior to screening. Additionally, any person with a history of any 

comorbidity (eg, liver cirrhosis with portal hypertension, cardiovascular or cerebrovascular 

disease) that, in the opinion of the investigator, might confound the results of the study or 

pose an additional risk in administering study drug to the participant was excluded. See the 

online supplement for full inclusion and exclusion criteria.

2.4. Endpoints

The primary endpoint was the incidence of 7 predefined respiratory AEs of special interest 

(RAESIs) throughout the treatment-emergent period. RAESIs were chest discomfort, 

dyspnea, respiration abnormal, asthma, bronchial hyperreactivity, bronchospasm, and 

wheezing. The key secondary endpoint was the absolute change in ppFEV1 from baseline 

to the average value of days 28 and 56. Secondary endpoints included tolerability based 

on drug discontinuation through day 56 and additional safety assessments based on 

AEs, clinical laboratory values (hematology, serum chemistry, coagulation studies, and 

urinalysis), vital signs, pulse oximetry, and postdose spirometry on day 1.

2.5. Statistical analyses

Safety and efficacy were assessed in all participants who received ≥1 dose of study drug. 

Descriptive summary statistics were provided for safety endpoints, including the primary 

endpoint.

The key secondary endpoint of absolute change in ppFEV1 from baseline to the average 

value of days 28 and 56 measurements was considered successfully met if the Bayesian 

posterior probability of the treatment difference being >0 was ≥80%. Assuming a mean 

treatment difference of 3.0 percentage points between tezacaftor/ivacaftor and placebo, an 

SD of 6.0 percentage points, and a dropout rate of 5%, a sample size of 90 participants 

would provide approximately 93% probability to demonstrate a positive treatment effect of 

tezacaftor/ivacaftor over placebo using a noninformative prior distribution. For analysis, the 

posterior mean for the treatment difference and its associated 95% credible intervals were 

provided.

3. Results

Ninety-eight participants were randomized, and 97 received ≥1 dose of tezacaftor/ivacaftor 

(n = 50) or placebo (n = 47) (Fig. 1). One participant who was randomized to the tezacaftor/

ivacaftor group was judged not clinically stable by the investigator at the Day 1 visit and 

did not receive tezacaftor/ivacaftor. Ninety-four participants completed the study, and 93 

completed study treatment, 48 (96.0%) in the tezacaftor/ivacaftor group and 45 (95.7%) in 

the placebo group). Baseline characteristics were generally similar between the treatment 

groups ( Table 1 ). The mean (SD) ppFEV1 at baseline was 44.6% (16.1%) in the tezacaftor/
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ivacaftor group and 48.0% (18.1%) in the placebo group; overall, 49.5% of participants had 

a ppFEV1 of <40% at baseline.

3.1. Respiratory safety

Seventeen participants (17.5%) experienced ≥1 RAESI (Table 2): 7 participants (14.0%) 

in the tezacaftor/ivacaftor group and 10 (21.3%) in the placebo group. RAESIs in both 

arms were mild or moderate in severity; no severe or life-threatening RAESIs occurred, 

and none were considered to be serious AEs (SAEs) or led to treatment interruption or 

discontinuation. The most common RAESI was dyspnea (tezacaftor/ivacaftor: 5 [10.0%]; 

placebo: 5 [10.6%]). The only RAESI that occurred more frequently in the tezacaftor/

ivacaftor group compared with the placebo group was respiration abnormal (reported 

as respiratory chest tightness; tezacaftor/ivacaftor: 3 [6.0%]; placebo: 1 [2.1%]). Five 

participants (5.2%) experienced RAESIs considered related or possibly related to treatment 

by the investigator, including 1 (2.0%) in the tezacaftor/ivacaftor group (respiration 

abnormal) and 4 (8.5%) in the placebo group (dyspnea [n=2], asthma [n=1], and chest 

discomfort [n=1]). RAESIs occurred most frequently within the first 2 weeks of treatment.

On day 1, the mean (SD) absolute change in ppFEV1 from predose to 2 and 4 hours 

postdose was −0.6 (2.1) and −0.8 (4.3) percentage points in the tezacaftor/ivacaftor group 

(n = 45) and 0.3 (1.9) and 0.0 (1.9) percentage points in the placebo group (n = 43), 

respectively. No participant in either treatment group had a decline in ppFEV1 of ≥10 

percentage points at 2 hours postdose. One participant treated with tezacaftor/ivacaftor 

had a 21.3 percentage point absolute decline in ppFEV1 4 hours postdose on day 1. This 

participant’s other spirometric parameters–including forced vital capacity, FEV1 to forced 

vital capacity ratio, and flow-volume loop–did not demonstrate an obstructive pattern but 

rather a sub-optimal inspiratory effort. On the same day, the participant had a mild AE 

of respiratory chest tightness that resolved by day 6 without treatment. The participant 

subsequently completed the study with an improvement in ppFEV1 from baseline.

3.2. Other safety assessments

Treatment-emergent AEs, including RAESIs, occurred in 37 participants (74.0%) receiving 

tezacaftor/ivacaftor and 39 (83.0%) receiving placebo (Table 3). The most commonly 

observed AEs (≥10% incidence in either group) were cough, pulmonary exacerbation of 

CF, headache, dyspnea, nasopharyngitis, constipation, abdominal upper pain, and sputum 

increased. Fourteen participants (14.4%) had an SAE: 5 (10.0%) in the tezacaftor/ivacaftor 

group and 9 (19.1%) in the placebo group. No SAE was considered related to tezacaftor/

ivacaftor. The only SAE that occurred in >1 participant was pulmonary exacerbation 

(tezacaftor/ivacaftor group, n = 3 [6.0%]; placebo group, n = 7 [14.9%]). One participant 

in the tezacaftor/ivacaftor group had 2 SAEs considered unrelated to study drug that led 

to treatment discontinuation and death (multiple organ dysfunction syndrome and sepsis 

in the setting of influenza infection). Treatment discontinuation due to AEs occurred in 2 

participants (4.0%) in the tezacaftor/ivacaftor group (1 with malaise, 1 with the 2 SAEs 

mentioned above) and 1 participant (2.1%) in the placebo group (pleuritic pain). Treatment 

interruptions due to AEs occurred in 1 participant in the TEZ/IVA group (distal intestinal 
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obstruction syndrome and abdominal pain) and 1 participant in the placebo group (nausea 

and fatigue).

There were no clinically meaningful trends in laboratory values (hematology, serum 

chemistry, coagulation studies, and urinalysis), vital signs, or pulse oximetry that 

were attributable to treatment with tezacaftor/ivacaftor. No participant had alanine 

aminotransferase or aspartate aminotransferase levels of >3 times the upper limit of normal 

during the treatment-emergent period.

3.3. Efficacy

The Bayesian posterior probability that tezacaftor/ivacaftor resulted in a larger absolute 

change in ppFEV1 from baseline to the average value of days 28 and 56 compared with 

placebo was >99%, exceeding the 80% probability threshold and therefore demonstrating 

a positive treatment effect on ppFEV1 with tezacaftor/ivacaftor treatment. The posterior 

mean difference with tezacaftor/ivacaftor vs placebo in the absolute change in ppFEV1 from 

baseline to the average value of days 28 and 56 was 2.7 percentage points, and its associated 

95% credible interval was 1.0 to 4.4 percentage points. The mean absolute within-group 

change in ppFEV1 from baseline to the average value of days 28 and 56 measurements 

was 2.2 percentage points in participants receiving tezacaftor/ivacaftor and −0.6 percentage 

points in those receiving placebo.

4. Discussion

In this phase 3b, randomized, double blind, placebo-controlled clinical study, tezacaftor/

ivacaftor did not result in an in- creased incidence of RAESIs compared with placebo in 

pwCF ≥12 years of age homozygous for the Phe508del -CFTR mutation with a ppFEV1 of 

≥25% and ≤90% who previously discontinued lumacaftor/ivacaftor due to treatment-related 

respiratory signs or symptoms. Among the RAESIs observed in the tezacaftor/ivacaftor 

group, most were considered not related to treatment, and none were serious or led 

to treatment interruption or discontinuation. The respiratory safety profile of tezacaftor/

ivacaftor observed in this lumacaftor/ivacaftor–intolerant population of pwCF is consistent 

with that seen in previous clinical studies of tezacaftor/ivacaftor in pwCF homozygous for 

Phe508del-CFTR [15]. Additionally, the rate of discontinuation due to treatment-emergent 

AEs was low (4%), and the incidence of SAEs was lower in the tezacaftor/ivacaftor 

group than in the placebo group. No new safety concerns were identified, and AEs 

seen were consistent with CF disease manifestations and the known safety profile of 

tezacaftor/ivacaftor. Tezacaftor/ivacaftor treatment also led to improvements in lung function 

compared with placebo. Thus, the results support tezacaftor/ivacaftor as a generally safe, 

well-tolerated, and efficacious treatment in the study population at risk for respiratory AEs 

due to prior occurrence of these events.

This study was conducted because previous clinical and real-world studies demonstrated an 

increased incidence of certain respiratory AEs, such as dyspnea and abnormal respiration, 

with lumacaftor/ivacaftor compared with placebo in pwCF ≥12 years of age homozygous for 

Phe508del-CFTR, especially in pwCF with more severe lung disease (ppFEV1 <40%). [10–

13]. In addition, lumacaftor/ivacaftor has been associated with an acute postdose decline in 
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ppFEV 1 in these pwCF with more severe lung damage [14]. A phase 3 study of tezacaftor/

ivacaftor in pwCF ≥12 years of age homozygous for the Phe508del-CFTR mutation with a 

ppFEV1 of ≥40% and ≤90% demonstrated that the combination was not associated with an 

increased incidence of RAESIs compared with placebo or with an acute postdose decline in 

ppFEV1 [15]. In the current study, in which 48 of 97 participants (49.5%) had a baseline 

ppFEV1 of <40%, there was no increased incidence of RAESIs in participants receiving 

tezacaftor/ivacaftor compared with participants receiving placebo. Furthermore, this study 

did not demonstrate an acute postdose decline in ppFEV1 considered to be related to 

tezacaftor/ivacaftor treatment.

The rate of treatment discontinuation due to treatment-emergent AEs was low in both the 

tezacaftor/ivacaftor and placebo arms in this study. The most commonly reported AEs across 

both groups were cough, infective pulmonary exacerbation of CF, headache, and dyspnea, 

which were generally consistent with AEs reported in the pivotal phase 3 studies [15,17]. 

The overall safety profile was consistent with that in the previous tezacaftor/ivacaftor studies 

[ 15,17], although the participants in this study had a lower mean ppFEV1 at baseline. 

In addition, treatment with tezacaftor/ivacaftor improved lung function in this study, as 

demonstrated by the positive effect on ppFEV1.

It should be noted that tezacaftor/ivacaftor is the foundation of a triple combination 

CFTR therapy (elexacaftor/tezacaftor/ivacaftor). A recent Phase 3 study confirmed that 

the combination of elexacaftor, tezacaftor, and ivacaftor resulted in significant and 

clinically meaningful improvements in ppFEV1, sweat chloride levels, CF Questionnaire-

Revised respiratory domain scores, and nutritional parameters compared with tezacaftor/

ivacaftor dual combination therapy in participants ≥12 years of age with CF who 

were homozygous for the Phe508del-CFTR mutation [18]. Elexacaftor/tezacaftor/ivacaftor 

combination therapy was recently approved in the United States to treat pwCF ≥12 years of 

age with ≥1 copy of the Phe508del-CFTR mutation. The present data provide an important 

basis for the future use of elexacaftor/tezacaftor/ivacaftor in pwCF who have had respiratory 

adverse events with LUM/IVA.

One limitation of this study was that analyses of subgroups such as participants with a 

ppFEV1 of <40% vs ≥40% or participants <18 years vs ≥18 years could not be performed 

due to sample size. In addition, the 8-week duration of the study limited the ability to 

further assess long-term safety and efficacy in this population. However, respiratory AEs 

with lumacaftor/ivacaftor predominantly occurred within the first few weeks of treatment 

initiation in clinical studies and real-world settings [19]; therefore, the study was considered 

to be of sufficient duration to evaluate the primary objective of respiratory safety with 

tezacaftor/ivacaftor in pwCF who discontinued lumacaftor/ivacaftor due to respiratory signs 

or symptoms. Future studies will provide additional information on the longer-term safety, 

tolerability, and efficacy of tezacaftor/ivacaftor in pwCF.

In conclusion, tezacaftor/ivacaftor was not associated with an increased incidence of 

RAESIs in this study, and discontinuations in this population were low and not associated 

with RAESIs. In addition, tezacaftor/ivacaftor improved lung function compared with 

placebo. These data support the use of tezacaftor/ivacaftor in pwCF ≥12 years of age 
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homozygous for the Phe508del-CFTR mutation with a ppFEV1 of ≥25% and ≤90% who 

were unable to tolerate lumacaftor/ivacaftor due to treatment-related respiratory signs or 

symptoms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SAE serious adverse event

TEZ tezacaftor
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Fig. 1. 
Participant disposition. a Participant was randomized but never received treatment because 

the participant was judged not clinically stable at the day 1 visit by the investigator. IVA, 

ivacaftor; TEZ, tezacaftor.
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