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Abstract

Rationale: Elexacaftor/tezacaftor/ivacaftor (ELX/TEZ/IVA) was
shown to be efficacious and safe in patients >12 years of age with
cystic fibrosis and at least one F508del-CFTR (cystic fibrosis
transmembrane conductance regulator) allele, but it has not been
evaluated in children ,12 years of age.

Objectives: To assess the safety, pharmacokinetics, and efficacy
of ELX/TEZ/IVA in children 6 through 11 years of age with
F508del–minimal function or F508del-F508del genotypes.

Methods: In this 24-week open-label phase 3 study, children
(N5 66) weighing ,30 kg received 50% of the ELX/TEZ/IVA
adult daily dose (ELX 100 mg once daily, TEZ 50 mg once daily,
and IVA 75 mg every 12 h) whereas children weighing >30 kg
received the full adult daily dose (ELX 200 mg once daily, TEZ
100 mg once daily, and IVA 150 mg every 12 h).

Measurements and Main Results: The primary endpoint was
safety and tolerability. The safety and pharmacokinetic profiles of

ELX/TEZ/IVA were generally consistent with those observed in
older patients. The most commonly reported adverse events
included cough, headache, and pyrexia; in most of the children
who had adverse events, these were mild or moderate in severity.
Through Week 24, ELX/TEZ/IVA treatment improved the
percentage of predicted FEV1 (10.2 percentage points; 95%
confidence interval [CI], 7.9 to 12.6), Cystic Fibrosis
Questionnaire–Revised respiratory domain score (7.0 points; 95%
CI, 4.7 to 9.2), lung clearance index2.5 (21.71 units; 95% CI,
22.11 to 21.30), and sweat chloride (260.9 mmol/L; 95% CI,
263.7 to 258.2); body mass index-for-age z-score increased over
the 24-week treatment period when compared with the
pretreatment baseline.

Conclusions: Our results show ELX/TEZ/IVA is safe and
efficacious in children 6 through 11 years of age with at least one
F508del-CFTR allele, supporting its use in this patient population.

Clinical trial registered with www.clinicaltrials.gov (NCT03691779).
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At a Glance Commentary
Scientific Knowledge on the
Subject: Previous studies showed
that the CFTR (cystic fibrosis
transmembrane conductance
regulator) modulator elexacaftor/
tezacaftor/ivacaftor (ELX/TEZ/IVA)
is safe and efficacious in patients
>12 years of age with cystic fibrosis
and at least one F508del-CFTR allele.
Clinical benefits with ELX/TEZ/IVA
exceeded those seen with previous
CFTR modulators indicated for this
patient population. As the clinical
consequences of cystic fibrosis often
begin to manifest in early childhood,
it is crucial to initiate treatment as
early as possible.

What This Study Adds to the Field:
To evaluate the safety and efficacy of
ELX/TEZ/IVA treatment in younger
patients, we conducted a 24-week
phase 3 open-label study in children
6 through 11 years of age with cystic
fibrosis and at least one F508del-
CFTR allele. Our results demonstrate
that the safety and efficacy of
ELX/TEZ/IVA in these children are
consistent with those reported in
adults and adolescents with cystic
fibrosis, supporting use of
ELX/TEZ/IVA in this younger
patient population.

Cystic fibrosis (CF) is an autosomal recessive
disease caused by mutations in the CFTR (CF
transmembrane conductance regulator) gene
(1). In some regions of the world, nearly 90%
of patients with CF have at least one F508del-
CFTRmutation, resulting in decreased
quantity and function of the CFTR protein at
epithelial surfaces, including in the
respiratory tract, pancreas, gastrointestinal
system, and sweat glands (2, 3). The clinical

consequences of impaired CFTR function
generally appear in the first year of life, with
pancreatic insufficiency, impaired growth,
and progressive lung disease appearing as
early childhood manifestations of CF (4–7).
Prompt diagnosis in combination with
effective treatment starting early in life
improves clinical outcomes and life
expectancy in patients with this multisystem
disease (8, 9).

CFTRmodulators are small-molecule
therapeutics that treat the underlying cause
of CF; correctors improve CFTR protein
processing and trafficking, while potentiators
enhance channel gating (10, 11). Recently,
the efficacy and safety of a triple combination
regimen composed of the CFTR correctors
elexacaftor and tezacaftor and the CFTR
potentiator ivacaftor (ELX/TEZ/IVA) was
established in patients with CF>12 years of
age with at least one F508del-CFTR allele (12,
13). In pivotal studies, treatment with
ELX/TEZ/IVA led to robust improvements
in lung function, respiratory symptoms, and
CFTR function in patients with F508del-
minimal function (F/MF) genotypes (13). As
minimal function mutations result in either a
complete absence of CFTR protein or a
protein that cannot be modulated by TEZ
and IVA, the responsiveness to
ELX/TEZ/IVA in these patients is
attributable to the single F508del allele (13).
ELX/TEZ/IVA treatment was also found to
be highly effective and provided substantially
greater efficacy compared with the dual
combination of TEZ/IVA in patients
homozygous for F508del-CFTR (F/F) (12).
These results demonstrate the ability of
ELX/TEZ/IVA to address the disease-causing
defect present in a large majority of patients
with CF> 12 years of age.

The safety and efficacy of CFTR
modulators have also been studied in
children with CF. In children,12 years of
age, the safety of CFTRmodulators is
consistent with the safety in patients>12
years of age (14–16). IVA treatment
improved percentage of predicted FEV1

(ppFEV1) and decreased sweat chloride
concentrations in children 6 through 11
years of age with CFTR gating mutations
(14). In children 6 through 11 years of age
homozygous for F508del, treatment with
either TEZ/IVA or the dual combination
modulator lumacaftor/IVA improved sweat
chloride concentration and Cystic Fibrosis
Questionnaire–Revised (CFQ-R) respiratory
domain score (15, 16). Although these
studies collectively indicate that early
intervention with CFTRmodulators in
children,12 years of age can provide
substantial clinical benefit, a critical need
remains for more effective CFTRmodulation
in children,12 years of age who have at
least one F508del allele.

Given the robust clinical improvements
observed with ELX/TEZ/IVA treatment in
patients>12 years of age, as well as the
unmet need in younger patients with at least
one F508del allele, we evaluated the safety,
pharmacokinetics (PK), and efficacy of
ELX/TEZ/IVA in children 6 through 11
years of age with F/MF or F/F genotypes. As
children in this age range who have the F/F
genotype can be treated with approved dual-
combination CFTRmodulator regimens
such as lumacaftor/IVA or TEZ/IVA, we
used an open-label study design that
prioritized safety data collection and within-
group efficacy analysis rather than a blinded,
randomized controlled trial design.

Methods

Patients, Trial Design, and Oversight
This phase 3, two-part, open-label,
multicenter trial of ELX/TEZ/IVA enrolled
children 6 through 11 years of age with CF
and either F/MF or F/F genotypes. The
CFTR genotype, part of the basis for the
diagnosis of CF, was confirmed at screening.
Qualifying minimal function mutations (see
Table E1 in the online supplement) and
other eligibility criteria are provided in the
online supplement. All patients stopped or
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remained off CFTRmodulators for>28 days
before the Day 1 visit.

Part A of the study evaluated PK, safety,
and tolerability of ELX/TEZ/IVA over a
2-week treatment period. Part B evaluated
safety, tolerability, efficacy, and PK over a
24-week treatment period (Figure E1).
Additional trial design details, including
dosing and outcomemeasures for part A and
eligibility criteria for both parts of the study,
are provided in the online supplement.

Dosing for part B was based on weight
at baseline. Children weighing,30 kg
received 50% of the adult daily dose
(ELX 100 mg once daily, TEZ 50 mg once
daily, and IVA 75 mg every 12 h), whereas
children weighing>30 kg received the full
adult daily dose (ELX 200 mg once daily,
TEZ 100 mg once daily, and IVA 150mg
every 12 h).

The trial was designed by Vertex
Pharmaceuticals in collaboration with the
authors. For each enrolled child, informed
consent was provided by a parent or legal
guardian; assent was obtained from patients
in accordance with local requirements. Safety
was monitored by an independent data safety
monitoring committee. Data collection and
analysis were performed by Vertex
Pharmaceuticals in collaboration with the
authors and the VX18-445-106 Study Group.
All authors had full access to the trial data
after final database lock, critically reviewed
the manuscript, and approved the
manuscript for submission. The 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. Confidentiality
agreements were in place between the
sponsor and each investigative site during
the trial.

As part B of the study overlapped with
the early months of the severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic, a global protocol
addendum that enabled in-home
assessments was implemented. Patient access
to study drug therapy and collection of safety
data were prioritized. Implemented measures
were enabled based on country and local
regulations, as well as site-level
considerations, and included, as applicable,
remote consent, shipment of the study drug
to the patient’s home, virtual study visits
conducted by site personnel via
teleconference, home nursing visits for blood
draws, in-home assessments, and remote

monitoring. Additional details can be found
in the online supplement.

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 endpoint for part B was safety
and tolerability. Secondary endpoints
included absolute change from baseline
throughWeek 24 in ppFEV1, sweat chloride
concentration, and CFQ-R respiratory
domain score; absolute change from baseline
atWeek 24 in body mass index (BMI),
weight, height, and corresponding for-age
z-scores; number of pulmonary exacerbations
and CF-related hospitalizations through
Week 24; PK parameters of ELX, TEZ, and
IVA; and absolute change from baseline
throughWeek 24 in lung clearance index2.5
(LCI2.5). The proportion of patients achieving
sweat chloride concentrations,60mmol/L
and,30mmol/L was assessed as a post hoc
analysis. Additional details are provided in
the online supplement.

Statistical Analysis
Safety, efficacy, and PK analyses included
children who received>1 dose of
ELX/TEZ/IVA. The main analyses were
based on data collected up toWeek 24;
additional analyses were conducted to
account for data collected at unscheduled
visits beyondWeek 24 as detailed in the
online supplement. The main analyses for

safety were based on all data collected up to
Week 24, including both in-clinic and
at-home assessments. The main analyses for
all efficacy endpoints included only those
data that had been collected in clinic through
theWeek 24 visit.

Absolute change from baseline in
ppFEV1, sweat chloride concentration,
CFQ-R respiratory domain score, LCI2.5,
and nutritional parameters were analyzed
using a mixed-effects model for repeated
measures. Post hoc analyses of genotype
subgroups were performed in a similar
manner to the main efficacy analysis. Details
of the analysis, including management of
missing data resulting from the SARS-CoV-2
pandemic, are provided in the online
supplement.

Results

Population
Part A enrollment details and baseline
characteristics are provided in Table E2;
there were 16 participants and all completed
the 2-week treatment period. Part B of the
trial was conducted at 21 sites in five
countries from August 5, 2019, to August 7,
2020. Overall, 66 children were enrolled and
received>1 dose of ELX/TEZ/IVA; 64
children (97.0%) completed the treatment
period (Figure 1). Two children discontinued
treatment (one adverse event [AE] of
erythematous rash and one withdrawal of
consent). Baseline characteristics were
similar between the F/MF (n5 37, 56.1%)
and F/F genotype groups (n5 29, 43.9%)
(Tables 1 and E3).

69 patients screened

66 patients enrolled and dosed

3 patients excluded

2 discontinuations
• Adverse event (n=1)*
• Consent withdrawal (n=1)

64 patients completed study

Figure 1. Patient disposition diagram for part B. *Patient discontinued treatment because of
erythematous rash.
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Safety and Pharmacokinetics
Safety and tolerability were the primary
endpoints for part B of the study. Sixty-five
children (98.5%) had AEs, which for most
were mild (54.5%) or moderate (42.4%) in
severity and generally consistent with
manifestations of CF or common childhood
infections (Table 2). The most commonly
reported AEs included cough, headache, and
pyrexia. One child experienced serious AEs
in the study; these were concurrent events of
rhinovirus infection, metapneumovirus
infection, and pneumonia (which was
resolved with intravenous antibiotics).

On the basis of previous experience with
ELX/TEZ/IVA, including the phase 3 trials
(12, 13), data related to aminotransferases,
rash events, creatine kinase, and blood
pressure were reviewed. Elevated levels of
alanine aminotransferase and/or aspartate
aminotransferase that were greater than
three times the upper limit of the age-specific
normal range occurred in seven children
(10.6%); among these, only one child (1.5%)
had an elevation that was greater than five
times the upper limit, and no child had an
elevation that was greater than eight times
the upper limit (Table E4). No children had

an elevated aminotransferase level greater
than three times the upper limit of the
normal range concurrent with an elevated
bilirubin level greater than two times the
upper limit of the normal range. Seven
children had AEs of transaminase elevations,
all of which were mild or moderate in
severity. There were no study drug
interruptions or discontinuations due to
elevated transaminases.

Sixteen children (24.2%) had rash
events (Table E5). Rash events constitute a
group AE term that includes the preferred
term of rash (Table 2) and other rash-related

Table 1. Demographics and Clinical Characteristics of the Patients at Baseline in Part B

ELX/TEZ/IVA

All Patients (N5 66)* F/MF (N537) F/F (N5 29)

Sex, F, n (%) 39 (59.1) 22 (59.5) 17 (58.6)
Age at baseline, mean (SD), yr 9.3 (1.9) 9.7 (1.8) 8.8 (1.9)
Race, n (%)†

White 58 (87.9) 33 (89.2) 25 (86.2)
Black or African American 0 0 0
Asian 1 (1.5) 1 (2.7) 0
American Indian or Alaska Native 0 0 0
Native Hawaiian or other Pacific Islander 0 0 0
Other 0 0 0
Not collected per local regulations 8 (12.1) 4 (10.8) 4 (13.8)

Geographic region, n (%)
North America 47 (71.2) 27 (73.0) 20 (69.0)
Europe and Australia 19 (28.8) 10 (27.0) 9 (31.0)

Weight, mean (SD), kg 30.0 (7.7) 31.4 (7.9) 28.2 (7.3)
Weight distribution, n (%)
,30 kg 36 (54.5) 20 (54.1) 16 (55.2)
>30 kg 30 (45.5) 17 (45.9) 13 (44.8)

Weight-for-age z-score, mean (SD) 20.22 (0.76) 20.20 (0.87) 20.23 (0.59)
Height, mean (SD), cm 134.1 (12.3) 136.9 (12.0) 130.4 (11.9)
Height-for-age z-score, mean (SD) 20.11 (0.98) 20.01 (1.03) 20.23 (0.91)
BMI, mean (SD), kg/m2 16.39 (1.69) 16.50 (1.77) 16.26 (1.61)
BMI-for-age z-score, mean (SD) 20.16 (0.74) 20.21 (0.84) 20.10 (0.61)
ppFEV1, mean (SD)‡ 88.8 (17.7) 89.8 (17.5) 87.3 (18.3)
ppFEV1 category, n (%)
,70 10 (15.2) 5 (13.5) 5 (17.2)
>70–<90 22 (33.3) 15 (40.5) 7 (24.1)
.90 30 (45.5) 17 (45.9) 13 (44.8)
Missing data 4 (6.1) 0 4 (13.8)

Sweat chloride concentration, mean (SD), mmol/L§ 102.2 (9.1) 104.4 (7.2) 99.3 (10.8)
CFQ-R respiratory domain score, mean (SD) pointsk 80.3 (15.2) 79.1 (17.3) 81.8 (12.0)
LCI2.5, mean (SD), units¶ 9.77 (2.68) 9.34 (1.82) 10.26 (3.36)

Definition of abbreviations: BMI5body mass index; CFQ-R5Cystic Fibrosis Questionnaire–Revised; CFTR5 cystic fibrosis transmembrane
conductance regulator; ELX/TEZ/IVA5 elexacaftor/tezacaftor/ivacaftor; F/F5homozygous for the F508del-CFTR mutation; F/MF5heterozygous
for the F508del-CFTR mutation and a minimal function CFTR mutation; LCI2.55 lung clearance index2.5; ppFEV15percentage of predicted FEV1.
Baseline was defined as the most recent nonmissing measurement before the first dose of study drug.
*All patients in the full analysis set.
†The race categories may sum to .100% because each patient was able to indicate more than one race.
‡n562 for all patients; n5 37 for F/MF; n525 for F/F.
§n562 for all patients; n5 36 for F/MF; n526 for F/F.
kn5 65 for all patients; n5 37 for F/MF; n5 28 for F/F. Scores on the CFQ-R range from 0 to 100, with higher scores indicating a higher patient-
reported quality of life with regard to respiratory status.
¶n553 for all patients; n528 for F/MF; n525 for F/F.
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preferred terms (e.g., rash erythematous, rash
maculopapular, rash papular, skin
exfoliation, and urticaria). All rash events
were mild or moderate in severity. Among
these 16 children, 1 child had an
erythematous rash that developed after the
first dose of ELX/TEZ/IVA and led to study
drug discontinuation; the rash was moderate
in severity and resolved 2 days after study
drug discontinuation. All other rash events
resolved without change in study drug
dosing. For eight of the children, the rash
events were assessed as unlikely to be related
or not related to the study drug. Of the
remaining children with rash events, four
had associated symptoms suggestive of an
alternative etiology (e.g., concurrent infection
or heat rash).

No children had creatine kinase levels
greater than five times the upper limit of the
age-specific normal range (Table E6), and

two children had AEs related to creatine
kinase. The mean change from baseline for
systolic blood pressure through 24 weeks of
ELX/TEZ/IVA treatment ranged from21.4
mmHg to 0.4 mmHg, and that for diastolic
blood pressure ranged from20.3 mmHg to
1.0 mmHg (Table E7); no AEs related to
blood pressure were reported. There were no
relevant safety findings in other clinical or
laboratory assessments.

Preliminary analysis of PK data from
part A (online supplement) confirmed the
planned part B dosing scheme. In part B,
definitive population PK analyses for 6-
through 11-year-old children with CF
revealed that the area under the
concentration-versus-time curve (AUC)
values for ELX, TEZ, and IVAwere within
the range of exposures previously seen in
those>12 years of age (Figure 2), as were the
mean observed trough and peak

concentrations. These PK simulations
confirmed that 30 kg was the optimal
weight threshold for the transition from
50% of the adult daily dose to the full adult
daily dose of ELX/TEZ/IVA.

Efficacy

Overall. Treatment with ELX/TEZ/IVA led
to a mean absolute change from a baseline of
10.2 percentage points in ppFEV1 through
Week 24 (95% confidence interval [CI], 7.9
to 12.6) (Table 3), with robust improvements
seen as soon as 2 weeks after initiation
(Figure 3A). Similarly, rapid and sustained
improvements were seen in CFQ-R
respiratory domain scores (mean absolute
change from baseline of 7.0 points; 95% CI,
4.7 to 9.2) (Figure 3B and Table 3), LCI2.5
(mean absolute change from baseline of
21.71 units; 95% CI,22.11 to21.30)
(Figure 3C and Table 3), and sweat chloride
concentration (mean absolute change from
baseline of260.9 mmol/L throughWeek 24;
95% CI,263.7 to258.2) (Figure 3D and
Table 3). BMI, BMI-for-age z-score, weight,
weight-for-age z-score, and height increased
over the 24-week treatment period without
reaching a plateau, whereas height-for-age z-
score was maintained (Figure 4 and
Table E8).
Subgroup analysis. The F/MF and F/F

genotype groups showed similar
improvements in ppFEV1, CFQ-R
respiratory domain score, and LCI2.5 (Table
3). In contrast, the decrease in mean sweat
chloride concentration was greater in the F/F
genotype group (270.4 mmol/L; 95% CI,
275.6 to265.3) than in the F/MF genotype
group (255.1 mmol/L; 95% CI,259.0 to
251.2) (Table 3). The distribution of
individual changes from baseline in sweat
chloride concentration showed clear
separation by genotype, consistent with
greater reductions among those with the F/F
genotype (Figure E2). At baseline, no
children had sweat chloride concentrations
below the diagnostic threshold for CF of 60
mmol/L (Table E9) (5). For both the F/MF
and F/F genotype groups, mean sweat
chloride concentrations fell to below the
diagnostic threshold of 60 mmol/L by Day
15, and for the F/F group, concentrations
approached 30 mmol/L (Figure E3).
Reductions in sweat chloride
concentrations to,60 mmol/L and,30
mmol/L in response to ELX/TEZ/IVA
treatment were assessed as a post hoc analysis

Table 2. Adverse Events in Part B

ELX/TEZ/IVA (N5 66)

Any AE 65 (98.5)
AE by maximum relatedness*
Not related 16 (24.2)
Unlikely related 16 (24.2)
Possibly related 29 (43.9)
Related 4 (6.1)

AE by maximum severity*
Mild 36 (54.5)
Moderate 28 (42.4)
Severe 1 (1.5)

Serious AE 1 (1.5)
AE leading to death 0
AE leading to discontinuation 1 (1.5)
AE leading to interruption 1 (1.5)†

Most common AEs‡

Cough 28 (42.4)
Headache 16 (24.2)
Pyrexia 14 (21.2)
Oropharyngeal pain 12 (18.2)
Upper respiratory tract infection 11 (16.7)
Nasal congestion 10 (15.2)
Rash 8 (12.1)
Abdominal pain 8 (12.1)
Rhinorrhea 8 (12.1)
Viral upper respiratory tract infection 8 (12.1)
Alanine aminotransferase increased 7 (10.6)
Diarrhea 7 (10.6)
Influenza 7 (10.6)
Vomiting 7 (10.6)

Definition of abbreviations: AE5adverse event; ELX/TEZ/IVA5 elexacaftor/tezacaftor/ivacaftor.
Data are presented as n (%).
A patient with multiple events within a category was counted only once in that category.
*Relatedness to the trial regimen and severity were determined by the investigator observing
the event.
†The one AE leading to study drug interruption was because of diarrhea, vomiting, and fever.
‡Only AEs that occurred in >10% of the patients are listed; listing is according to the preferred
term (Medical Dictionary for Regulatory Activities version 23.0).
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and found to be more prevalent among
children with the F/F genotype (100.0% and
42.9%, respectively) as compared with
children with F/MF genotypes
(80.0% and 5.7%, respectively) (Figure 5
and Table E9).

Discussion

We evaluated the safety and efficacy of
ELX/TEZ/IVA in children 6 through
11 years of age with CF and at least one
F508del-CFTR allele, the youngest patients
treated with a three-drug CFTRmodulator
regimen to date. Treatment with
ELX/TEZ/IVAwas generally safe and well
tolerated; the most common reported AEs
were consistent with manifestations of
CF or common childhood infections.
The safety profile in children 6 through 11
years of age was consistent with the
established profile in patients>12 years of
age with CF.

As ELX/TEZ/IVA is likely to be a long-
term therapy in children with CF,
understanding the incidence of laboratory
and clinical events that may occur during
drug exposure is important. Children in this

study were found to have an incidence of
aminotransferase elevation that was similar
to the incidence previously observed in
patients>12 years of age treated with
ELX/TEZ/IVA for 24 weeks (13) and in
children aged 6 through 11 years treated with
TEZ/IVA for 24 weeks (15). The rashes
observed during this study were mild to
moderate in severity, and the vast majority
were transient and resolved with continued
ELX/TEZ/IVA treatment.

Pharmacokinetic and clinical evaluation
confirmed the appropriateness of a dose
that is 50% of the adult daily dose of
ELX/TEZ/IVA for children 6 through 11
years of age who are,30 kg and of the full
adult dose for those>30 kg. For these weight
subgroups of children aged 6 through 11
years, exposures to ELX, TEZ, and IVA were
within similar AUC ranges as those seen in
patients>12 years of age with CF.

Children in this study had substantially
higher mean baseline lung function (ppFEV1,
88.8 percentage points) and CFQ-R
respiratory domain scores (80.3 points) than
seen in the phase 3 pivotal studies in adults
and adolescents (ppFEV1,�62 percentage
points; CFQ-R respiratory domain scores,
�70 points) (12, 13). Despite these higher
baselines, ELX/TEZ/IVA treatment of these

children for 24 weeks led to a
10.2–percentage point improvement in mean
ppFEV1 and a 7.0-point improvement in
mean CFQ-R respiratory domain score.
Rapid improvements in ppFEV1 were seen
within 2 weeks of ELX/TEZ/IVA initiation,
consistent with results from other CFTR
modulator studies (12, 13, 17–19). The
improvements in ppFEV1 were corroborated
by rapid and sustained improvements in
LCI2.5, a measure of ventilation
inhomogeneity that may be more sensitive
than spirometry in detecting lung function
changes during childhood. LCI2.5 has also
previously been shown to improve with
CFTRmodulator treatment in children
homozygous for the F508del allele (20).
ELX/TEZ/IVA treatment over 24 weeks led
to an LCI2.5 improvement of21.71 units. In
contrast, a longitudinal natural history study
of children with CF not being treated with
CFTRmodulators showed an increase in
LCI2.5 of 0.21 units per year (higher values of
LCI2.5 reflect worse lung function) in
children 6 through 11 years of age (21).
Registry data have shown that long-term use
of IVA slows lung function decline and
lowers the risk of death (22, 23). Thus, early
initiation of ELX/TEZ/IVA in children with
CF is likely to improve lung function and
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minimize worsening of ppFEV1 and LCI2.5
associated with disease progression (7).

Maintaining or improving nutritional
status is associated with better lung
function and increased survival rates in
patients with CF (24, 25). During this
24-week study, increases in both BMI-for-
age and weight-for-age z-scores were seen,
whereas height-for-age z-score was
maintained. The improvements in BMI
and weight, as well as their corresponding
for-age z-scores, were greater than those
observed in a previous 24-week trial of a
dual-combination modulator regimen in
children who were 6 through 11 years
old and homozygous for F508del-CFTR

(16), indicating ELX/TEZ/IVA may confer
nutritional benefits greater than those of
CFTR modulators that are currently
approved for use in children.

Beyond respiratory and nutritional
outcomes, changes in sweat chloride
concentration provide a direct indicator of
systemic CFTR function (3). In this study,
ELX/TEZ/IVA treatment of children with CF
led to greater improvements in sweat
chloride than those previously seen in adults
and adolescents (12, 13). Children
homozygous for F508del-CFTR had a greater
decrease in sweat chloride than those with a
single F508del-CFTR allele, consistent with
genotype-related differences seen in

adolescents and adults (12, 13) and likely
attributable to increased abundance of the
F508del-CFTR protein that can be targeted
for CFTRmodulation in homozygotes.
Reductions of sweat chloride concentrations
to,60 mmol/L (the threshold for definitive
diagnosis of CF [5]) and to,30 mmol/L
(matching levels generally seen in the
population of asymptomatic carriers with a
single mutant CFTR allele [26], and a level
below which a diagnosis of CF is unlikely
[27]) were more prevalent in children with
the F/F genotype than in those with F/MF
genotypes. In a natural history study, sweat
chloride concentrations,60 mmol/L were
associated with improved survival in patients
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with CF (28), suggesting that substantial
improvements in sweat chloride in response
to CFTRmodulator therapy may presage
improvements in long-term clinical
outcomes.

Because this study did not include a
placebo group, the incidence of safety
events attributable to the underlying
disease process was not ascertained.
Furthermore, the small sample size of this
study limited the ability to detect
uncommon and rare AEs. However,
placebo groups in trials with similar
populations provide perspective on safety
and tolerability (20, 29), and the safety of
ELX/TEZ/IVA is well established in
children and adolescents>12 years of age
(12, 13). In addition, the ongoing 96-week
open-label extension study
(NCT04183790) will assess the long-term
safety and durability of efficacy of ELX/
TEZ/IVA in children who began treatment
at 6 through 11 years of age. Another
potential limitation of this and other CF
clinical studies is that patients from
minority groups are less likely to be eligible
because the F508del-CFTRmutation that

was the focus of this study is less common
in these populations (30).

As this study overlapped with the early
months of the SARS-CoV-2 pandemic, a
global protocol addendumwas implemented
that enabled in-home assessments. The safety
results reported here were based on both
in-clinic and in-home safety assessments.
However, only a small number of in-home
efficacy assessments were performed, and the
efficacy results presented here were based
solely on in-clinic assessments. Additional
sensitivity analyses that pooled in-clinic and
in-home efficacy data gave results consistent
with the main efficacy analyses.

The efficacy and safety of ELX/TEZ/IVA
in children are consistent with those
reported in the controlled phase 3 pivotal
studies in adults and adolescents with CF
(12, 13) and further confirm the ability of
ELX/TEZ/IVA to modulate a single
F508del-CFTR allele in patients with CF.
Taken together, these results strongly
support the use of ELX/TEZ/IVA in
children 6 through 11 years of age with at
least one F508del-CFTR allele to provide
effective treatment of CF at an early stage

of disease when serious long-term
complications may be averted.�

Author disclosures are available with the
text of this article at www.atsjournals.org.

Acknowledgment: The authors thank the
patients and their families for participating in
this trial; all site trial investigators and
coordinators; the Australian, North American,
and European Lung Clearance Index Central
Over-Reading Centres teams for their
contributions to the trial; the Cystic Fibrosis
Foundation Therapeutics Development Network
and the European Cystic Fibrosis Society
Clinical Trials Network for their support of the
trial sites; Emily Poulin, Ph.D., an employee of
Vertex Pharmaceuticals, who may own stock or
stock options in the company, for providing
editorial coordination and support; Fanuel
Hagos, Ph.D., an employee of Vertex
Pharmaceuticals, who may own stock or stock
options in the company, for providing support
with the clinical pharmacological analysis; and
Nathan Blow, Ph.D., of Vertex Pharmaceuticals,
who may own stock or stock options in the
company, and JoAnna Anderson, Ph.D.,
CMPP, of ArticulateScience LLC for providing
editorial assistance under the guidance of the
authors and with support from Vertex
Pharmaceuticals.

Table 3. Secondary Efficacy Endpoints from Part B

ELX/TEZ/IVA

All Patients (N566)* F/MF (N5 37) F/F (N5 29)

ppFEV1, percentage points
Baseline, mean (SD)† 88.8 (17.7) 89.8 (17.5) 87.3 (18.3)
Absolute change through Week 24,

LS mean (95% CI)
10.2 (7.9 to 12.6)‡ 9.1 (6.3 to 11.9)‡ 11.2 (7.2 to 15.2)‡

CFQ-R respiratory domain score, points
Baseline, mean (SD)† 80.3 (15.2) 79.1 (17.3) 81.8 (12.0)
Absolute change through Week 24,

LS mean (95% CI)
7.0 (4.7 to 9.2)‡ 6.9 (3.2 to 10.6)‡ 7.0 (3.9 to 10.1)‡

LCI2.5, units
Baseline, mean (SD)† 9.77 (2.68) 9.34 (1.82) 10.26 (3.36)
Absolute change through Week 24,

LS mean (95% CI)
21.71 (22.11 to 21.30)‡ 21.72 (22.11 to 21.33)‡ 21.64 (22.34 to 20.94)‡

Sweat chloride, mmol/L
Baseline, mean (SD)† 102.2 (9.1) 104.4 (7.2) 99.3 (10.8)
Absolute change through Week 24,

LS mean (95% CI)
260.9 (263.7 to 258.2)‡ 255.1 (259.0 to 251.2)‡ 270.4 (275.6 to 265.3)‡

Definition of abbreviations: CFQ-R5Cystic Fibrosis Questionnaire–Revised; CFTR5cystic fibrosis transmembrane conductance regulator;
CI5 confidence interval; ELX/TEZ/IVA5elexacaftor/tezacaftor/ivacaftor; F/F5 homozygous for the F508del-CFTR mutation; F/MF5 heterozygous
for the F508del-CFTR mutation and a minimal function CFTR mutation; LCI2.55 lung clearance index2.5; LS5 least squares; ppFEV15percent-
age of predicted FEV1.
N indicates the total number of patients in each population; LS means were based on mixed-effects model for repeated measures; absolute
changes through Week 24 were averages of the visits between Weeks 4 and 24 (inclusive).
*All patients in the full analysis set.
†Baseline was defined as the most recent nonmissing measurement before the first dose of study drug.
‡Nominal P value ,0.001.
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Figure 4. Absolute change from baseline at each visit in (A) BMI, (B) BMI-for-age z-score, (C) weight, (D) weight-for-age z-score, (E) height,
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