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ELX/TEZ/IVA pivotal studies supports the favourable safety profile and durable, disease-modifying
clinical benefits of ELX/TEZ/IVA https://bit.ly/3PLRfbD
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Abstract
Background In two pivotal phase 3 trials, up to 24 weeks of treatment with elexacaftor/tezacaftor/ivacaftor
(ELX/TEZ/IVA) was efficacious and safe in patients with cystic fibrosis (CF) ⩾12 years of age who have
at least one F508del allele. The aim of this study is to assess long-term safety and efficacy of ELX/TEZ/
IVA in these patients.
Methods In this phase 3, open-label, single-arm extension study, participants with F508del–minimal
function (from a 24-week parent study; n=399) or F508del–F508del (from a 4-week parent study; n=107)
genotypes receive ELX/TEZ/IVA at the same dose (ELX 200 mg once daily, TEZ 100 mg once daily and
IVA 150 mg every 12 h). The primary end-point is safety and tolerability. A prespecified interim analysis
was conducted when the last participant reached the Week 144 visit.
Results At the Week 144 interim analysis, mean duration of exposure to ELX/TEZ/IVA in the extension
study was 151.1 weeks. Exposure-adjusted rates of adverse events (AEs) (586.6 events per 100 participant-
years) and serious AEs (22.4 events per 100 participant-years) were lower than in the ELX/TEZ/IVA
treatment group in the 24-week parent study (1096.0 and 36.9 events per 100 participant-years,
respectively); most participants had AEs classified as mild (16.4% of participants) or moderate (60.3% of
participants) in severity. 14 participants (2.8%) had AEs that led to treatment discontinuation. Following
initiation of ELX/TEZ/IVA, participants had increases in forced expiratory volume in 1 s (FEV1)
percentage predicted, Cystic Fibrosis Questionnaire-Revised respiratory domain score and body mass
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index, and had decreases in sweat chloride concentration and pulmonary exacerbation rates that were
maintained over the interim analysis period. The mean annualised rate of change in FEV1 % pred was
+0.07 (95% CI −0.12–0.26) percentage points among the participants.
Conclusions ELX/TEZ/IVA was generally safe and well tolerated, with a safety profile consistent with the
24-week parent study. Participants had sustained improvements in lung function, respiratory symptoms,
CF transmembrane conductance regulator function, pulmonary exacerbation rates and nutritional status.
These results support the favourable safety profile and durable, disease-modifying clinical benefits of
ELX/TEZ/IVA.

Introduction
Cystic fibrosis (CF), a life-shortening autosomal recessive disease that affects more than 100 000 adults
and children worldwide [1–4], is caused by mutations in the CF transmembrane conductance regulator
(CFTR) gene, which decrease the quantity and/or function of the CFTR protein, an anion channel present
at the surface of a variety of epithelial cells, leading to impaired transport of chloride and bicarbonate
[2, 3, 5]. These molecular defects manifest clinically in respiratory, pancreatic, hepatic and gastrointestinal
dysfunction [6].

Ivacaftor (IVA) is a CFTR potentiator that augments the impaired CFTR gating associated with some
CFTR mutations [7]. Treatment with IVA led to improvements in forced expiratory volume in 1 s (FEV1)
percentage predicted, Cystic Fibrosis Questionnaire-Revised (CFQ-R) respiratory domain score and sweat
chloride concentration, along with increases in weight and reductions in the rate of pulmonary
exacerbations, in patients with at least one CFTR gating mutation [8–10]. An open-label extension study of
IVA showed that improvements in lung function, weight and pulmonary exacerbations were maintained for
up to 144 weeks, and another study reported an annual rate of lung function decline nearly 50% lower in
patients receiving IVA than in those receiving only symptomatic treatment [10, 11]. These results
established that a CFTR modulator can provide effective, long-term, disease-modifying treatment for CF.

Elexacaftor (ELX) and tezacaftor (TEZ) are CFTR correctors that act via complementary mechanisms to
ameliorate the CFTR protein processing and trafficking defects intrinsic to the F508del mutation [12].
F508del is the most common CFTR mutation; up to 90% of people with CF have at least one F508del
allele [13]. The combination of TEZ and IVA improved lung function and decreased sweat chloride
concentration in patients homozygous for F508del (F/F) [14, 15]. TEZ/IVA resulted in improvements that
were generally maintained for up to 96 weeks in an open-label extension study; patients had an annual rate
of lung function decline that was 61.5% slower than that seen among patients who were not taking CFTR
modulators [16].

The efficacy and safety of the triple combination of ELX, TEZ and IVA (ELX/TEZ/IVA) were established
in two phase 3 pivotal trials in people with CF ⩾12 years of age who were heterozygous for F508del and a
minimal function mutation (F/MF) or had the F/F genotype [17–19]. In both trials, ELX/TEZ/IVA
treatment led to significant improvements in FEV1 % pred, CFQ-R respiratory domain score and sweat
chloride concentration. In patients with the F/F genotype, these improvements were superior to those seen
with TEZ/IVA. To assess the long-term safety and efficacy of extended ELX/TEZ/IVA use, a 192-week
open-label extension study was initiated in participants who completed one of these pivotal studies. Here,
we report results from the Week 144 interim analysis of this extension study.

Methods
Participants, trial design and oversight
Study VX17-445-105 (Study 445-105; ClinicalTrials.gov: NCT03525574) is a phase 3, multicentre,
open-label extension study that enrolled participants ⩾12 years of age with CF and either F/MF (from
Study VX17-445-102 (Study 445-102; ClinicalTrials.gov: NCT03525444)) or F/F (from Study
VX17-445-103 (Study 445-103; ClinicalTrials.gov: NCT03525548)) genotypes. To enrol in this extension
study, participants must have completed study drug treatment or completed study visits up to the last
scheduled visit of the treatment period in parent Study 445-102 or 445-103. For a complete list of
inclusion and exclusion criteria, and additional details on study design, dosing and statistical analysis, see
the supplementary material.

The extension study is designed to evaluate long-term safety and efficacy of ELX/TEZ/IVA over a
192-week treatment period (supplementary figure S1). All participants regardless of parent study
assignment receive ELX/TEZ/IVA at the same dose level that was evaluated in the parent studies (ELX
200 mg once daily, TEZ 100 mg once daily and IVA 150 mg every 12 h). An interim analysis with
prespecified analyses was conducted after the last patient completed the Week 144 visit.
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The trial was designed by Vertex Pharmaceuticals Incorporated in collaboration with the authors. Informed
consent was provided by all participants or their parent or legal guardian; assent was obtained from
patients in accordance with local requirements. Safety was monitored by an independent data safety
monitoring committee, and data collection and analysis were performed by Vertex Pharmaceuticals in
collaboration with the authors and the VX17-445-105 Study Group. All authors had full access to the trial
data, critically reviewed the manuscript and approved it for submission. Investigators vouch for the
accuracy and completeness of the data generated at their respective sites, and the investigators and Vertex
Pharmaceuticals vouch for the fidelity of the trial to the protocol.

Due to this study overlapping with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic, a global protocol addendum was implemented. Participant access to study drug therapy and
collection of safety data were prioritised. Measures were implemented in accordance with country and local
regulations, as well as site-level considerations, and included, as applicable, remote consent, shipment of
study drug to the participant’s home, virtual study visits conducted by site personnel via teleconference,
home nursing visits for blood draws, in-home assessments and remote monitoring.

The clinical trial protocol, SARS-CoV-2-related protocol addendum and informed consent forms were
approved by independent ethics committees for each region or site, as required by local regulations.

Outcome measures
The primary end-point of the study is safety and tolerability as assessed by adverse events (AEs), clinical
laboratory values, ECGs, vital signs and pulse oximetry. Secondary end-points include absolute changes in
FEV1 % pred, sweat chloride concentration, CFQ-R respiratory domain score (range 0–100; higher scores
indicate higher patient-reported quality of life with regard to respiratory symptoms) and body mass index
(BMI) from parent study baseline, as well as number of pulmonary exacerbations. The rate of lung
function change was determined by calculating the annualised rate of change of FEV1 % pred in a post
hoc analysis.

Statistical analysis
Analyses of safety and efficacy included all participants who received at least one dose of ELX/TEZ/IVA
in the extension study. For all efficacy end-points, data for participants with F/MF genotypes (parent Study
445-102) were analysed separately from those for participants with the F/F genotype (parent Study
445-103). The main analyses were based on data collected up to the date the last participant reached the
Week 144 visit (i.e. the data lock date). The main analyses of safety were based on all events collected up
to the data lock date and included both in-clinic and at-home assessments. The main analyses for the
efficacy end-points included data collected up to Week 144 and all subsequent scheduled or unscheduled
visits (Extended Week 144).

The Extended Week 144 visit is an extension to include the Week 144 visit and all subsequent scheduled
or unscheduled visits. For participants who have Week 144 visit assessments, the Week 144 assessment
was used. For participants whose Week 144 visit assessment was missing, the most recent visit assessment
beyond Week 144, if available, was used.

Analysis of FEV1 % pred, sweat chloride concentration and BMI used only in-clinic data, while CFQ-R
respiratory domain score used both in-clinic and at-home assessments.

Absolute change from baseline in FEV1 % pred, sweat chloride concentration, CFQ-R respiratory domain
score and BMI were analysed using a mixed-effects model for repeated measures. For participants
transitioning from Study 445-102, the model included treatment group (as randomised in the parent study),
visit and treatment-by-visit interaction as fixed effects with continuous baseline FEV1 % pred from the
parent study, age at screening for the parent study (<18 versus ⩾18 years) and sex (male versus female) as
covariates. For participants transitioning from Study 445-103, the analysis was similar with the exception
that sex was not a covariate in the model. Number of pulmonary exacerbations was analysed using a
negative binomial regression model, which was the same as in the respective parent study.

We conducted a post hoc analysis for the annualised rate of change of FEV1 % pred in participants with
the F/MF and the F/F genotypes, as well as a pooled analysis that included all participants. The annualised
rate of change in FEV1 % pred was estimated using a linear mixed-effects model, excluding measures
during the first 21 days of ELX/TEZ/IVA treatment to avoid inclusion of acute lung function improvement.
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Results
Population
The trial was conducted at 110 sites in North America, Australia and Europe. Overall, 506 participants
(n=399 with F/MF genotypes and n=107 with F/F genotype) entered the open-label extension and
received at least one dose of ELX/TEZ/IVA, representing 99.2% of participants in the parent studies.
Additional detail on participant disposition is provided in figure 1. Participant demographics and clinical
characteristics at baseline are provided in table 1 and supplementary table S1. The mean±SD exposure to
ELX/TEZ/IVA during the interim analysis period of this trial was 151.1±33.7 weeks. A total of 433
participants were still receiving treatment with ELX/TEZ/IVA in this extension study at Week 144; 73
participants discontinued, with the majority either changing to commercial ELX/TEZ/IVA (n=24), refusing
further dosing (n=18) or having AEs that led to treatment discontinuation (n=10) (see figure 1 for all
participant dispositions).

Safety
ELX/TEZ/IVA treatment was generally safe and well tolerated. During this 144-week interim analysis
period, 98.8% of participants had at least one AE. Most participants had AEs that were classified as mild
(16.4%) or moderate (60.3%) in severity (table 2). The most common AEs reported in participants were
infective pulmonary exacerbation (44.5%), cough (41.9%), headache (32.8%), oropharyngeal pain (28.9%)
and nasopharyngitis (26.7%). Serious AEs were reported in 154 participants (30.4%). 14 participants
(2.8%) discontinued treatment. This included 10 participants with discontinuations attributed to AEs, two
participants with discontinuations attributed to physician decision due to AEs, one participant who died
during the study due to an AE of accidental oxycodone toxicity that was considered by the investigator to
be unrelated to study drug, and one participant who had an AE prior to the start of this extension study
and was not dosed in the extension study. The AEs leading to treatment discontinuation in the remaining
participants were elevated transaminases (n=6), hepatic encephalopathy in a participant with a medical
history of cirrhosis and portal hypertension (n=1), rash (n=1), depression (n=1), myalgia (n=1) and
anorexia nervosa (n=1), as well as a participant with tinnitus, sinus discomfort and dizziness (n=1), all of
which resolved, and recurrence of postural orthostatic tachycardia syndrome (n=1) in one participant with a

F/F parent Study 445-103 (4 weeks)F/MF parent Study 445-102 (24 weeks)

Randomisation (baseline)Randomisation

Enrolled in OLE

Study 445-105:

4-week run-in with TEZ/IVA

TEZ/IVA

(n=52)

ELX/TEZ/IVA

(n=55)

Placebo

(n=203)

ELX/TEZ/IVA

(n=197)

OLE Study 445-105

ELX/TEZ/IVA (n=506)

Not dosed in Study 445-105

(n=1)

Participants receiving ongoing

treatment at OLE Week 144

(n=433)

73 participants prematurely discontinued due to:

    Adverse event (n=10)

    Pregnancy (n=8)

    Commercial drug availability (n=24)

    Refusal of further dosing (n=18)

    Death (n=1)#

    Other (n=12)¶

FIGURE 1 Participant disposition diagram. F: F508del; MF: minimal function; TEZ/IVA: tezacaftor/ivacaftor; OLE: open-label extension; ELX/TEZ/IVA:
elexacaftor/tezacaftor/ivacaftor. #: one participant died during the study due to an adverse event of accidental oxycodone toxicity that was
considered by the investigator to be unrelated to study drug; ¶: other reasons for discontinuation included physician decision (n=2), requirement of
prohibited medication (n=2), loss to follow-up (n=1), noncompliance with study drug (n=1), other noncompliance (n=2) and not specified (n=4).
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prior medical history, which was not considered related to study drug and had not resolved as of the data
cut-off date for this analysis.

The exposure-adjusted rates of AEs and serious AEs in the extension study were lower than those seen in
participants with F/MF genotypes in the active arm of the 24-week parent study that forms the basis of the
ELX/TEZ/IVA safety profile (table 2 and supplementary tables S2 and S3). The overall exposure-adjusted
rate of AEs in the 144-week interim analysis was 586.6 events per 100 participant-years compared with
1288.0 events per 100 participant-years for participants in the placebo arm of the parent study.

Consistent with previous clinical trials of ELX/TEZ/IVA [17, 18], data related to aminotransferases, rash,
creatine kinase and blood pressure were reviewed. Elevated levels of alanine aminotransferase and/or
aspartate aminotransferase greater than three, five and eight times the upper limit of normal were reported
in 57 (11.3%), 32 (6.3%) and 11 (2.2%) participants, respectively (supplementary table S4). Two
participants (0.4%) had levels of alanine aminotransferase and/or aspartate aminotransferase greater than
three times the upper limit of normal concurrent with bilirubin greater than two times the upper limit of

TABLE 1 Demographics and clinical characteristics of participants at baseline#

Subgroup of participants
from parent Study 445-102

(F/MF genotypes)

Subgroup of participants
from parent Study 445-103

(F/F genotype)

All participants in
Study 445-105

Placebo
(n=203)

ELX/TEZ/IVA
(n=196)

TEZ/IVA
(n=52)

ELX/TEZ/IVA
(n=55)

ELX/TEZ/IVA
(n=506)

Female 98 (48.3) 94 (48.0) 28 (53.8) 31 (56.4) 251 (49.6)
Age, years 26.8±11.3 25.7±9.7 27.9±10.8 28.8±11.5 26.7±10.7
Age group at screening visit
⩾12– <18 years 60 (29.6) 55 (28.1) 14 (26.9) 16 (29.1) 145 (28.7)
⩾18 years 143 (70.4) 141 (71.9) 38 (73.1) 39 (70.9) 361 (71.3)

Ethnicity
Hispanic or Latino 12 (5.9) 4 (2.0) 3 (5.8) 2 (3.6) 21 (4.2)
Not Hispanic or Latino 175 (86.2) 184 (93.9) 49 (94.2) 52 (94.5) 460 (90.9)
Not collected per local regulations 16 (7.9) 8 (4.1) 0 1 (1.8) 25 (4.9)

Race¶

White 184 (90.6) 183 (93.4) 52 (100.0) 54 (98.2) 473 (93.5)
Black or African American 2 (1.0) 4 (2.0) 0 (0) 0 (0) 6 (1.2)
Asian 1 (0.5) 0 (0) 0 (0) 0 (0) 1 (0.2)
American Indian or Alaska Native 1 (0.5) 0 (0) 0 (0) 0 (0) 1 (0.2)
Other 1 (0.5) 2 (1.0) 0 (0) 0 (0) 3 (0.6)
Not collected per local regulations 16 (7.9) 8 (4.1) 0 (0) 1 (1.8) 25 (4.9)

Geographical region
North America 120 (59.1) 117 (59.7) 33 (63.5) 34 (61.8) 304 (60.1)
Europe and Australia 83 (40.9) 79 (40.3) 19 (36.5) 21 (38.2) 202 (39.9)

FEV1 % pred, percentage points 61.3±15.5 61.4±14.9 60.2±14.4 61.6±15.4 61.2±15.1
FEV1 % pred category+

<40 16 (7.9) 18 (9.2) 4 (7.7) 6 (10.9) 44 (8.7)
⩾40– <70 120 (59.1) 112 (57.1) 34 (65.4) 31 (56.4) 297 (58.7)
⩾70–⩽90 62 (30.5) 65 (33.2) 14 (26.9) 18 (32.7) 159 (31.4)
>90 5 (2.5) 1 (0.5) 0 (0) 0 (0) 6 (1.2)

Sweat chloride concentration, mmol·L−1 102.9±9.8 102.4±11.9 90.0±12.3 91.4±11.0 100.1±12.0§

CFQ-R respiratory domain score, points 70.0±17.8 68.2±16.8 72.6±17.9 70.6±16.2 69.6±17.2
BMI, kg·m−2 21.31±3.14 21.53±3.08 21.88±4.12 21.75±3.19 21.50±3.23

Data are presented as n (%) or mean±SD. F: F508del; MF: minimal function; ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor; TEZ/IVA: tezacaftor/
ivacaftor; FEV1: forced expiratory volume in 1 s; CFQ-R: Cystic Fibrosis Questionnaire-Revised; BMI: body mass index. #: demographics and baseline
characteristics of the full analysis set, which was defined as all enrolled participants who received at least one dose of study drug in the open-label
extension study (Study 445-105). Baseline characteristics are based on data obtained at parent study baseline, which was defined as the most
recent nonmissing measurement before the first dose of study drug in the parent study treatment period (Study 445-102 or Study 445-103).
Baseline in Study 445-103 was assessed after a 4-week run-in period with TEZ/IVA. ¶: the race categories may sum to >100% due to participants
being able to indicate more than one race. +: although those eligible for enrolment were required to have FEV1 ⩾40% predicted at screening, there
were some participants who had decreases to <40% predicted by baseline. §: the baseline mean sweat chloride value is a composite from
participants with F/MF and F/F genotypes with different baseline values and is weighted towards the F/MF baseline due to the larger number of
participants in this genotype subgroup (n=399 F/MF; n=107 F/F ).
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TABLE 2 Adverse events (AEs)#

Parent Study 445-102¶ Study 445-105 Week 144 interim analysis

Placebo
(n=201)

Mean exposure 23.7 weeks

ELX/TEZ/IVA
(n=202)

Mean exposure 23.6 weeks

ELX/TEZ/IVA
(n=506)

Mean exposure 151.1 weeks

Participants,
n (%)

Events per 100
participant-years

Participants,
n (%)

Events per 100
participant-years

Participants,
n (%)

Events per 100
participant-years

Any AE 193 (96.0) 1287.96 188 (93.1) 1096.01 500 (98.8) 586.55
AEs by maximum severity
Mild 53 (26.4) NA 67 (33.2) NA 83 (16.4) NA
Moderate 125 (62.2) NA 102 (50.5) NA 305 (60.3) NA
Severe 14 (7.0) NA 19 (9.4) NA 106 (20.9) NA
Life threatening 1 (0.5) NA 0 (0) NA 6 (1.2) NA

Serious AEs 42 (20.9) 67.05 28 (13.9) 36.93 154 (30.4) 22.42
AEs leading to treatment discontinuation 0 (0) 0 2 (1.0) 2.99 14 (2.8) 1.82
AEs leading to death 0 (0) 0 0 (0) 0 1 (0.2)+ 0.06
AEs leading to treatment interruption 10 (5.0) 14.01 19 (9.4) 25.95 49 (9.7) 6.20
Most common AEs§

Infective pulmonary exacerbation of cystic fibrosis 95 (47.3) 181.13 44 (21.8) 64.88 225 (44.5) 37.40
Cough 77 (38.3) 113.08 34 (16.8) 38.93 212 (41.9) 30.63
Headache 30 (14.9) 42.03 35 (17.3) 48.91 166 (32.8) 18.29
Oropharyngeal pain 25 (12.4) 26.02 20 (9.9) 26.95 146 (28.9) 16.85
Nasopharyngitis 26 (12.9) 34.03 22 (10.9) 29.95 135 (26.7) 17.04
Pyrexia 19 (9.5) 25.02 17 (8.4) 17.97 134 (26.5) 12.59
Sputum increased 39 (19.4) 47.03 40 (19.8) 46.91 120 (23.7) 12.09
Upper respiratory tract infection 22 (10.9) 26.02 24 (11.9) 29.95 111 (21.9) 11.65
Nasal congestion 15 (7.5) 18.01 19 (9.4) 20.96 106 (20.9) 10.08
Fatigue 20 (10.0) 22.02 9 (4.5) 8.98 104 (20.6) 11.21
COVID-19 0 (0) 0 0 (0) 0 99 (19.6) 7.70
Nausea 14 (7.0) 17.01 16 (7.9) 15.97 84 (16.6) 7.77
Diarrhoea 14 (7.0) 23.02 26 (12.9) 31.94 80 (15.8) 6.64
Haemoptysis 28 (13.9) 42.03 11 (5.4) 11.98 78 (15.4) 12.03
Vaccination complication 0 (0) 0 0 (0) 0 78 (15.4) 9.52

Data are presented as n (%). ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor; COVID-19: coronavirus disease 2019; NA: not applicable. #: a participant with multiple events within a category was
counted only once in that category; ¶: the safety profile of ELX/TEZ/IVA was based on the 24-week, placebo-controlled, F508del–minimal function parent study; +: there was one death in the
144-week interim analysis of Study 445-105 which was due to accidental oxycodone toxicity and was not considered to be related to study drug; §: the most common AEs that occurred in ⩾15%
of participants in Study 445-102 or the interim analysis of Study 445-105 (listing is according to the preferred term; Medical Dictionary for Regulatory Activities version 24.1 (www.meddra.org)).
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normal: one participant had Gilbert’s syndrome and elevated total bilirubin (mostly indirect) throughout the
study, and the other participant had concurrent elevations that resolved with study drug discontinuation. 82
participants (16.2%) had AEs of elevated transaminases; in six participants (1.2%) the AE was considered
serious. 21 participants (4.2%) interrupted treatment due to AEs of elevated transaminases and six
participants (1.2%) discontinued. 82 participants (16.2%) had rash events, of whom 33 were male and 49
were female. Two participants (0.4%) had rash events that were considered serious (supplementary table
S5). One participant discontinued due to an AE of rash. 65 participants (12.8%) had AEs of blood creatine
phosphokinase increased, one of whom had a serious AE that resolved without change in study drug
dosing (supplementary table S6). Three participants (0.6%) had AEs of rhabdomyolysis that presented with
blood creatine kinase elevations; none had symptoms consistent with rhabdomyolysis syndrome, and
before onset, all three participants had exercised. One participant (0.2%) discontinued due to an AE of
blood creatine phosphokinase increased and alanine aminotransferase increased. The exposure-adjusted
rates of AEs of transaminase elevations, rash and creatine kinase elevations were lower than those in the
24-week parent study. The mean±SD systolic and diastolic blood pressures increased by 3.9±12.5 and 2.6
±9.0 mmHg, respectively, from initiation of ELX/TEZ/IVA treatment (supplementary table S7).
16 participants (3.2%) had AEs related to elevated blood pressure. One participant with type 2 diabetes,
chronic kidney disease and a history of hypertension had a serious AE of hypertensive urgency which was
not considered related to study drug and did not require change in ELX/TEZ/IVA dosing. All other AEs of
elevated blood pressure were nonserious and did not require change in ELX/TEZ/IVA dosing; seven of the
16 participants required medication for elevated blood pressure (supplementary table S8). Other clinical or
laboratory assessments did not reveal any notable safety findings.

Efficacy
F508del–minimal function genotypes
At Extended Week 144, there was a mean absolute increase in FEV1 % pred from parent study baseline of
14.8 (95% CI 13.3–16.3) percentage points for participants who previously received placebo in the parent
study (n=161) and 14.1 (95% CI 12.6–15.6) percentage points for participants who previously received
ELX/TEZ/IVA (n=166) (table 3 and figure 2a). The annualised rate of pulmonary exacerbations was 0.20
(95% CI 0.16–0.24) (table 3). At Extended Week 144, the mean absolute change in sweat chloride
concentration from parent study baseline was −50.5 (95% CI −53.4–−47.7) mmol·L−1 for participants
who previously received placebo in the parent study (n=146) and −47.2 (95% CI −49.9–−44.4) mmol·L−1

for participants who previously received ELX/TEZ/IVA (n=160) (table 3 and figure 2b). The mean
absolute change in CFQ-R respiratory domain score from parent study baseline was 17.6 (95% CI 14.9–
20.2) points for participants who previously received placebo in the parent study (n=175) and 19.1 (95%
CI 16.4–21.8) points for participants who previously received ELX/TEZ/IVA (n=171) (table 3 and figure
2c). The mean absolute change in BMI was 1.76 (95% CI 1.48–2.05) kg·m−2 from parent study baseline
for participants who previously received placebo in the parent study (n=167) and 1.61 (95% CI 1.32–
1.90) kg·m−2 for participants who previously received ELX/TEZ/IVA (n=169) (table 3 and figure 2d).

TABLE 3 Secondary efficacy end-points (F508del–minimal function (F/MF) genotypes)

Parent Study 445-102 (F/MF genotypes)
through Week 24

Study 445-105 at Extended Week 144
(F/MF genotypes)

Placebo
(n=203)

ELX/TEZ/IVA
(n=200)

Placebo
→

ELX/TEZ/IVA
(n=203)

ELX/TEZ/IVA
→

ELX/TEZ/IVA
(n=196)

Absolute change in FEV1 % pred, percentage points −0.4 (−1.5–0.7) 13.9 (12.8–15.0) 14.8 (13.3–16.3)
n=161

14.1 (12.6–15.6)
n=166

Absolute change in sweat chloride concentration, mmol·L−1 −0.4 (−2.2–1.4) −42.2 (−44.0–−40.4) −50.5 (−53.4–−47.7)
n=146

−47.2 (−49.9–−44.4)
n=160

Absolute change in CFQ-R respiratory domain score, points −2.7 (−4.6 to −0.8) 17.5 (15.6–19.5) 17.6 (14.9–20.2)
n=175

19.1 (16.4–21.8)
n=171

Absolute change in BMI, kg·m−2 0.09 (−0.05–0.22)# 1.13 (0.99–1.26)# 1.76 (1.48–2.05)
n=167

1.61 (1.32–1.90)
n=169

Estimated pulmonary exacerbation event rate per 48 weeks 0.98 0.37 0.20 (0.16–0.24)¶

Date are presented as least squares mean absolute change (95% CI) from baseline of the parent study, except for pulmonary exacerbation event
rate (95% CI). ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor; FEV1: forced expiratory volume in 1 s; CFQ-R: Cystic Fibrosis Questionnaire-Revised;
BMI: body mass index. #: for BMI, parent study result represents mean absolute change from baseline at Week 24; ¶: calculated from cumulative
ELX/TEZ/IVA exposure in the parent study (Study 445-102) and in the extension study (Study 445-105).
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F508del–F508del genotype
At Extended Week 144, the mean absolute change in FEV1 % pred from parent study baseline was 12.0
(95% CI 9.5–14.5) percentage points for participants who previously received TEZ/IVA in the parent study
(n=44) and 11.6 (95% CI 9.1–14.0) percentage points for participants who previously received ELX/TEZ/
IVA (n=48) (table 4 and figure 3a). The annualised rate of pulmonary exacerbations was 0.18 (95% CI
0.12–0.26) (table 4). At Extended Week 144, the mean absolute change in sweat chloride concentration
from parent study baseline was −53.4 (95% CI −57.7–−49.0) mmol·L−1 for participants who previously
received TEZ/IVA in the parent study (n=42) and −49.9 (95% CI −54.1–−45.7) mmol·L−1 for
participants who previously received ELX/TEZ/IVA (n=47) (table 4 and figure 3b). The mean absolute
change in CFQ-R respiratory domain score from parent study baseline was 13.9 (95% CI 9.2–18.6) points
for participants who previously received TEZ/IVA in the parent study (n=45) and 18.2 (95% CI 13.6–22.7)
points for participants who previously received ELX/TEZ/IVA (n=48) (table 4 and figure 3c). The mean
absolute change in BMI was 1.50 (95% CI 1.11–1.89) kg·m−2 from parent study baseline in participants
who previously received TEZ/IVA in the parent study (n=44) and 1.74 (95% CI 1.36–2.12) kg·m−2 in
participants who previously received ELX/TEZ/IVA (n=48) (table 4 and figure 3d).

Annualised rate of change in FEV1 % pred
In an analysis assessing lung function change over time, the annualised rate of change in FEV1 % pred
was +0.08 (95% CI −0.14–0.30) percentage points for participants with F/MF genotypes and +0.03 (95%
CI −0.33–0.39) percentage points for participants with the F/F genotype (supplementary table S9). As the
rate of change was similar for both genotype groups, a pooled analysis of the annualised rate of change in
FEV1 % pred that included all participants was conducted. In this pooled analysis, the annualised rate of
change in FEV1 % pred was +0.07 (95% CI −0.12–0.26) percentage points (supplementary table S9).

Discussion
In this extension study of ELX/TEZ/IVA in participants ⩾12 years of age with at least one F508del allele,
ELX/TEZ/IVA treatment was generally safe and well tolerated, and led to sustained and clinically

FIGURE 2 Absolute change from baseline in a) forced expiratory volume in 1 s (FEV1) percentage predicted, b) sweat chloride concentration,
c) Cystic Fibrosis Questionnaire-Revised (CFQ-R) respiratory domain score and d) body mass index (BMI) in participants with F508del–minimal
function genotypes by study visit, each based on a mixed-effects model for repeated measures. Data presented are least squares means, with
I-bars indicating standard error of the mean. White shading corresponds to the parent study (Study 445-102) and grey shading corresponds to the
extension study. CFQ-R respiratory domain scores (c) are normalised to a 100-point range, with higher scores indicating higher patient-reported
quality of life with regard to respiratory symptoms. The minimal clinically important difference for CFQ-R respiratory domain score is 4 points.
ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor.

TABLE 4 Secondary efficacy end-points (F508del–F508del (F/F ) genotype)

Parent Study 445-103 (F/F genotype)
at Week 4#

Study 445-105 at Extended Week 144
(F/F genotype)

TEZ/IVA
(n=52)

ELX/TEZ/IVA
(n=55)

TEZ/IVA
→

ELX/TEZ/IVA
(n=52)

ELX/TEZ/IVA
→

ELX/TEZ/IVA
(n=55)

Absolute change in FEV1 % pred, percentage points 0.4 (−1.4–2.3) 10.4 (8.6–12.2) 12.0 (9.5–14.5)
n=44

11.6 (9.1–14.0)
n=48

Absolute change in sweat chloride concentration, mmol·L−1 1.7 (−1.9–5.3) −43.4 (−46.9– −40.0) −53.4 (−57.7–−49.0)
n=42

−49.9 (−54.1–−45.7)
n=47

Absolute change in CFQ-R respiratory domain score, points −1.4 (−5.4–2.6) 16.0 (12.1–19.9) 13.9 (9.2–18.6)
n=45

18.2 (13.6–22.7)
n=48

Absolute change in BMI, kg·m−2 −0.07 (−0.21–0.06) 0.53 (0.39–0.66) 1.50 (1.11–1.89)
n=44

1.74 (1.36–2.12)
n=48

Estimated pulmonary exacerbation event rate per 48 weeks¶ NA NA 0.18 (0.12–0.26)

Date are presented as least squares mean absolute change (95% CI) from baseline of the parent study, except for pulmonary exacerbation event
rate (95% CI). TEZ/IVA: tezacaftor/ivacaftor; ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor; FEV1: forced expiratory volume in 1 s; CFQ-R: Cystic Fibrosis
Questionnaire-Revised; BMI: body mass index; NA: not available. #: participants in Study 445-103 had a 4-week TEZ/IVA run-in period prior to
baseline; ¶: calculated from cumulative ELX/TEZ/IVA exposure in the parent study (Study 445-103) and in the extension study (Study 445-105).
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meaningful improvements in lung function, respiratory symptoms, CFTR function and nutritional status.
Participants also had lower rates of pulmonary exacerbations than seen with previous CFTR modulator
regimens. Because people with CF are likely to require long-term treatment with ELX/TEZ/IVA or similar
CFTR modulator regimens, safety and efficacy data spanning several years, as demonstrated in this study,
are crucial for making informed patient care decisions.

At the time of this interim analysis, 433 participants of the 506 originally enrolled remained in the study; 73
participants discontinued, with the majority either changing to commercial ELX/TEZ/IVA (n=24), refusing
further dosing (n=18) or having AEs that led to treatment discontinuation (n=10). Overall, participants had a
mean exposure to ELX/TEZ/IVA of 151.1 weeks. For most participants, AEs were mild or moderate in
severity and generally consistent with common manifestations of CF. The overall exposure-adjusted rates of
AEs and serious AEs were lower than those in the 24-week parent study. Data related to transaminase
elevations, rash events, creatine kinase elevations and blood pressure, as well as AEs leading to treatment
discontinuation, were generally consistent with the established safety profile based on the 24-week parent
study. Rash events were mainly nonserious, manageable and occurred more frequently in female
participants than male participants. Consistent with the 24-week parent study, participants had small
increases in both systolic and diastolic blood pressure. In the current extension study, one participant with a
medical history of depression had a nonserious AE of depression that resolved after treatment
discontinuation. Overall, the incidences of AEs of depression and anxiety were 7.1% and 6.3%,
respectively, during this 144-week treatment period, equal to 2.69 and 2.63 events per 100 participant-years,
respectively, and were generally consistent with the rates seen in previous interim analyses as well as in the
pivotal 24-week parent study. In an integrated analysis of clinical trials of CFTR modulators, the
exposure-adjusted rate of depression-related AEs was 3.32 events per 100 participant-years in the pooled
ELX/TEZ/IVA group (n=1711; 3857 participant-years of exposure) and 3.24 events per 100
participant-years in the pooled placebo group (n=1369; 709 participant-years of exposure) (supplementary
table S10). It is important to note that previous studies found symptoms of depression were elevated in
people with CF, with QUITTNER et al. [20] reporting that among 6088 patients with CF, 5–19% of
adolescents and 13–29% of adults had elevated symptoms of depression. Our results suggest that
participants taking ELX/TEZ/IVA in these clinical trials have rates of depression-related AEs consistent with
background. The overall safety results demonstrate a favourable long-term safety profile for ELX/TEZ/IVA.

In the pivotal Studies 445-102 and 445-103, participants who received ELX/TEZ/IVA had rapid and
statistically significant increases in FEV1 % pred and CFQ-R respiratory domain score along with significant
decreases in sweat chloride concentration [17, 18]. For participants who received the control regimen in these
parent studies, ELX/TEZ/IVA treatment in the extension study led to increases in FEV1 % pred and CFQ-R
respiratory domain scores and decreases in sweat chloride concentration that were consistent with those seen
in participants who received ELX/TEZ/IVA in the parent studies. Crucially, all these improvements in
efficacy outcome measures were sustained through the end of the 144-week interim analysis period,
establishing the durability of treatment response and disease-modifying benefits with ELX/TEZ/IVA.

Given the robust and durable improvements in FEV1 % pred seen in this interim analysis, we sought to
further quantify the impact of ELX/TEZ/IVA treatment on CF lung disease progression by conducting an
analysis of the rate of change in lung function over time. Previous studies with IVA and TEZ/IVA showed
that lung function declines more slowly in people with CF treated with IVA or TEZ/IVA than in those not
taking CFTR modulators (by nearly 50% and 61.5%, respectively), indicating that these therapies can
modify CF disease progression by slowing lung function decline [11, 16]. In contrast, through Week 144
of this extension study, the pooled participant population had a mean annual increase in FEV1 % pred of
0.07 (95% CI −0.12–0.26) percentage points, indicating that across a CF population with at least one
F508del allele, there was no mean loss of pulmonary function over 144 weeks of ELX/TEZ/IVA treatment.
These results raise for the first time the potential that a CFTR modulator therapy could halt loss of lung
function in patients with CF over an extended period of time.

FIGURE 3 Absolute change from baseline in a) forced expiratory volume in 1 s (FEV1) percentage predicted, b) sweat chloride concentration,
c) Cystic Fibrosis Questionnaire-Revised (CFQ-R) respiratory domain score and d) body mass index (BMI) in participants with the F508del–F508del
genotype by study visit, each based on a mixed-effects model for repeated measures. Data presented are least squares means, with I-bars
indicating standard error of the mean. White shading corresponds to the parent study (Study 445-103) and grey shading corresponds to the
extension study. CFQ-R respiratory domain scores (c) are normalised to a 100-point range, with higher scores indicating higher patient-reported
quality of life with regard to respiratory symptoms. The minimal clinically important difference for CFQ-R respiratory domain score is 4 points.
TEZ/IVA: tezacaftor/ivacaftor; ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor.
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Participants taking ELX/TEZ/IVA in the parent studies had steady and sustained increases in BMI [17, 18].
While the mean BMI for each genotype group was within the normal range at the respective parent study
baselines, it is important to understand long-term impacts of ELX/TEZ/IVA on nutritional status [21].
Overall, the mean BMI increased rapidly during the first 24 weeks of treatment with ELX/TEZ/IVA with
smaller increases and slight variations during the remainder of the interim analysis period. Importantly, at
Week 144 mean BMI remained in the normal range. This result suggests ELX/TEZ/IVA generally leads to
rapid improvement in nutritional status which is then maintained over time.

Reducing the number of pulmonary exacerbations is critical to averting the progressive lung function
decline seen in patients with CF [22]. During the first 144 weeks of this extension study, the estimated
pulmonary exacerbation rate for patients with F/MF genotypes (0.20) was lower than in the ELX/TEZ/IVA
arm of the 24-week parent study (0.37) [18] and the rate of pulmonary exacerbations for participants in
both genotype groups was lower than in the previous 24-week interim analysis of this extension study
(0.19 versus 0.30) [23]. Because this study overlapped with the SARS-CoV-2 pandemic, restrictions on
social interactions might have also reduced the incidence of pulmonary exacerbation among the study
participants [24]. Nonetheless, it is clear that the reduction in pulmonary exacerbations observed in the
parent study was maintained in this 144-week extension, supporting the durable benefits of ELX/TEZ/IVA.

One limitation of the current extension study is lack of direct comparator group, which limits the
interpretation of safety and efficacy data. For this reason, safety and efficacy results were compared with
the placebo treatment group in the parent Study 445-102. Additionally, it should be noted the participants
in this extension study had to meet specific inclusion criteria for enrolment into the pivotal trials and
therefore extrapolation of these results to all people with CF will likely require studies of real-world usage
of ELX/TEZ/IVA. However, results from studies on the safety and efficacy of real-world use of ELX/TEZ/
IVA have been consistent with the results reported here [25].

In conclusion, ELX/TEZ/IVA was generally safe and well tolerated through Week 144 of this extension
study, with a safety profile consistent with the pivotal 24-week parent study. The clinically meaningful
improvements in measures of lung function, respiratory symptoms, CFTR function, pulmonary
exacerbation rates and nutritional status reported for patients treated with ELX/TEZ/IVA in the two pivotal
phase 3 studies were maintained through this longer-term analysis period. These results, along with the
finding of no mean loss in pulmonary function over 144 weeks of treatment, further support the durable
and disease-modifying benefits of ELX/TEZ/IVA.
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