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Abstract

Rationale: The triple-combination regimen elexacaftor/tezacaftor/
ivacaftor (ELX/TEZ/IVA) was shown to be safe and efficacious in
children aged 6 through 11 years with cystic fibrosis and at least one
F508del-CFTR allele in a phase 3, open-label, single-arm study.

Obijectives: To further evaluate the efficacy and safety of ELX/TEZ/IVA
in children 6 through 11 years of age with cystic fibrosis heterozygous for
F508del and a minimal function CFTR mutation (F/MF genotypes) in a
randomized, double-blind, placebo-controlled phase 3b trial.

Methods: Children were randomized to receive either ELX/TEZ/IVA
(n=60) or placebo (n=61) during a 24-week treatment period. The
dose of ELX/TEZ/IVA administered was based on weight at screening,
with children <30 kg receiving ELX 100 mg once daily, TEZ 50 mg
once daily, and IVA 75 mg every 12 hours, and children =30 kg
receiving ELX 200 mg once daily, TEZ 100 mg once daily, and IVA
150 mg every 12 hours (adult dose).

Measurements and Main Results: The primary endpoint was
absolute change in lung clearance index; 5 from baseline through
Week 24. Children given ELX/TEZ/IVA had a mean decrease in lung
clearance index, 5 of 2.29 units (95% confidence interval [CI],
1.97-2.60) compared with 0.02 units (95% CI, —0.29 to 0.34) in

children given placebo (between-group treatment difference, —2.26
units; 95% CI, —2.71 to —1.81; P << 0.0001). ELX/TEZ/IVA treatment
also led to improvements in the secondary endpoint of sweat chloride
concentration (between-group treatment difference, —51.2 mmol/L;
95% CI, —55.3 to —47.1) and in the other endpoints of percent
predicted FEV; (between-group treatment difference, 11.0 percentage
points; 95% CI, 6.9-15.1) and Cystic Fibrosis Questionnaire-Revised
Respiratory domain score (between-group treatment difference,

5.5 points; 95% CI, 1.0-10.0) compared with placebo from baseline
through Week 24. The most common adverse events in children
receiving ELX/TEZ/IVA were headache and cough (30.0% and 23.3%,
respectively); most adverse events were mild or moderate in severity.

Conclusions: In this first randomized, controlled study of a cystic
fibrosis transmembrane conductance regulator modulator conducted in
children 6 through 11 years of age with F/MF genotypes, ELX/TEZ/
IVA treatment led to significant improvements in lung function, as well
as robust improvements in respiratory symptoms and cystic fibrosis
transmembrane conductance regulator function. ELX/TEZ/IVA was
generally safe and well tolerated in this pediatric population with no
new safety findings.

Keywords: cystic fibrosis; elexacaftor; tezacaftor; ivacaftor;
children
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At a Glance Commentary

Scientific Knowledge on the
Subject: A previous phase 3 open-
label study demonstrated the safety and
efficacy of the CFTR modulator
regimen elexacaftor/tezacaftor/ivacaftor
(ELX/TEZ/IVA) in children aged 6
through 11 years with cystic fibrosis
(CF) and at least one F508del allele.
These results supported the use of
ELX/TEZ/IVA as an effective treatment
in the early stages of CF disease.

What This Study Adds to the
Field: To further assess the efficacy and
safety of ELX/TEZ/IVA in this pediatric
population, we conducted a randomized,
controlled study in children
heterozygous for F508del and a minimal
function mutation (F/MF genotypes).
ELX/TEZ/IVA treatment led to
statistically significant improvements in
lung function, as well robust
improvements in respiratory symptoms
and CFTR function, compared with
placebo, with no new safety findings.
Our results demonstrate the ability of
ELX/TEZ/IVA treatment to alter the
natural trajectory of CF disease

in children.

Cystic fibrosis (CF) is an autosomal recessive
disease that results from mutations in the CF
transmembrane conductance regulator
(CFTR) gene (1). More than 1,000
pathogenic CFTR mutations have been
described (2, 3); the F508del-CFTR mutation
is the most common of these, being present
in nearly 90% of patients with CF in

some parts of the world (4). Patients with

F508del-CFTR mutations have decreases in
the quantity and function of the CFTR anion
channel present at epithelial cell surfaces,
leading to diverse clinical consequences that
manifest early in life and include pancreatic
insufficiency, growth impairment, and
progressive lung disease (5-9).

CFTR modulators are small-molecule
therapeutics designed to address the
underlying cause of CF (8, 9). CFTR
correctors, such as elexacaftor (ELX) and
tezacaftor (TEZ), improve CFTR processing
and trafficking to epithelial surfaces, whereas
CFTR potentiators, such as ivacaftor (IVA),
enhance CFTR channel gating (5, 10). In
adolescents and adults who are heterozygous
for F508del and a minimal function CFTR
mutation (F/MF genotypes) or homozygous
for F508del (F/F genotype), a triple
combination regimen of ELX/TEZ/IVA was
shown to be safe and efficacious (11-13).
ELX/TEZ/IVA treatment resulted in robust
and clinically meaningful improvements in
lung function (as assessed by percent
predicted FEV, [ppFEV}]), respiratory
symptoms (as assessed by Cystic Fibrosis
Questionnaire-Revised [CRQ-R] respiratory
domain score), and CFTR function (as
assessed by sweat chloride concentration) in
these patients and provided greater efficacy
than the previously approved dual
combination of TEZ/IVA in patients with
the F/F genotype. These results established
ELX/TEZ/IVA as a highly effective treatment
for adolescents and adults with CF who have
at least one F508del allele (14).

The progressive lung disease associated
with CF develops early in life, with
pulmonary infection, inflammation, and
structural lung damage occurring frequently
in school-aged children with CF; thus, early
treatment is critical to improving clinical
outcomes and life expectancy (15-19).

Given the substantial clinical benefits of
ELX/TEZ/IVA observed in adults and
adolescents with at least one F508del allele
(11, 12), an open-label phase 3 study was
conducted to assess the safety,
pharmacokinetics, and efficacy of
ELX/TEZ/IVA in pediatric patients aged 6
through 11 years with either F/MF or F/F
genotypes (20). In this trial, ELX/TEZ/IVA
was generally safe and well tolerated,
indicating a safety profile in 6- through
11-year-olds consistent with that previously
established in adults and adolescents (20).
Furthermore, ELX/TEZ/IVA treatment led to
improvements in ppFEV;, CFQ-R respiratory
domain score, lung clearance index, 5 (LCl, 5),
and sweat chloride concentration. These
results suggest that children obtain similar
clinical benefits from ELX/TEZ/IVA
treatment as older patients, despite having
higher baseline lung function and CFQ-R
respiratory domain scores than adults and
adolescents (20). Because the primary
objective of the open-label study in children
aged 6 through 11 years was to assess safety, a
placebo-controlled trial focused on efficacy
was performed to better understand the
extent to which ELX/TEZ/IVA treatment
ameliorates early airway disease and improves
lung function in this pediatric population.
Here, we report results from a 24-week
placebo-controlled trial designed to quantify
the efficacy of ELX/TEZ/IVA in children
6 through 11 years of age with CF with F/MF
genotypes. Absolute change in LCI, 5 was
designated the primary endpoint because LCI
derived from multiple-breath washout testing
is considered a highly sensitive measure for
small airway disease and lung function change
in this age group and has been shown to
detect treatment responses in children who
have normal spirometry values (ppFEV; = 80
percentage points) (19, 21-25).
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Methods

Participants, Trial Design,

and Oversight

This phase 3b, randomized, double-blind,
placebo-controlled, multicenter trial of
ELX/TEZ/IVA enrolled children aged

6 through 11 years with CF and F/MF
genotypes and LCI, 5 =7.5. The CFTR
genotype was confirmed as part of screening.
Placebo was considered the most appropriate
comparator because, at the time the study
was conducted, there was no approved CFTR
modulator for children 6 through 11 years of
age with F/MF genotypes. For additional
details on eligibility criteria, including a list of
qualifying MF mutations, see Table E1 in the
online supplement.

Children were randomized (1:1) to
receive either ELX/TEZ/IVA or a placebo
over a 24-week treatment period (Figure
E1). Randomization was stratified by LCI, 5
at screening (<10 vs. =10) and weight at
screening (<30 kg vs. =30 kg). Dosing was
based on weight at screening: children
weighing <30 kg received ELX 100 mg once
daily, TEZ 50 mg once daily, and IVA 75
every 12 hours (50% of adult dose), whereas
children weighing =30 kg received ELX
200 mg once daily, TEZ 100 mg once
daily, and IVA 150 every 12 hours (full
adult dose).

The trial was designed by Vertex
Pharmaceuticals Incorporated in
collaboration with the authors. For each child
enrolled in the study, informed consent was
provided by a parent or legal guardian; assent
was obtained from the participants in
accordance with local regulations. Safety
was monitored by an independent
data monitoring committee. Vertex
Pharmaceuticals performed data collection
and analysis in collaboration with the authors
and the VX19-445-116 Study Group.
Authors had full access to trial data after the
final database lock, critically reviewed the
manuscript, and approved it for final
submission. The investigators vouch for the
accuracy and completeness of the data
generated at their sites, and the investigators
and Vertex Pharmaceuticals vouch for the
fidelity of the trial to the protocol.

As this study was initiated during the
coronavirus disease 2019 (COVID-19)
pandemic, a global protocol addendum
provided participants with options to
minimize the risk of COVID-19
exposure that might occur through travel.

Implemented measures, as permitted

by country and local regulations,

enabled remote consent, remote monitoring
visits, in-home assessments, and shipment of
study drugs to the homes of participants.

Outcome Measures

The primary endpoint was absolute change
in LCI, 5 from baseline through Week 24.
The EcoMedics Exhalyzer-D multiple-breath
washout device with Spiroware Version 3.1.6
was used to determine individual LCI results.
Secondary endpoints were absolute change
in sweat chloride concentration from
baseline through Week 24 and safety and
tolerability as assessed by adverse events
(AEs), clinical laboratory values,
electrocardiograms, vital signs, pulse
oximetry, and ophthalmologic examinations.
Other efficacy endpoints included absolute
changes in ppFEV; and CFQ-R respiratory
domain score from baseline through

Week 24. A post hoc analysis was conducted
to assess the proportion of children achieving
sweat chloride concentrations <60 mmol/L
and <30 mmol/L.

Statistical Analysis

The primary null hypothesis tested was that
the mean absolute change in LCI, 5 from
baseline through Week 24 was the same for
the two treatment groups (ELX/TEZ/IVA
and placebo). A sample size of 49 children
completing treatment in each group (98 total
children completing treatment in the study)
had approximately 90% power for LCI, 5
hypothesis testing (assuming a within-
group standard deviation of 1.5 and a
treatment difference of —1.0 between the
ELX/TEZ/IVA and placebo groups) on the
basis of a 2-sided, 2-sample ¢ test at a
significance level of 0.05. The target for
enrollment was 108 participants, allowing for

10% dropout during the treatment period.

A mixed-effects model for repeated measures
was used to analyze absolute changes in
LCI, 5, sweat chloride concentration,
ppFEV,, and CFQ-R respiratory domain
score. The model included treatment group,
visit, and treatment-by-visit interaction as
fixed effects, with continuous baseline LCI, 5
and weight at screening visit (<30 kg vs.
=30 kg) as covariates. The primary result
obtained from the model was the estimated
treatment difference through Week 24
(defined as the average of Weeks 4, 8, 16, and
24). The main analyses for safety included all
data collected up to Week 24 in the
treatment period and included both in-clinic
and at-home assessments. Further details on
the statistical analyses are provided in the
online supplement.

Results

Population

The trial was conducted at 34 sites in
Australia, Canada, Denmark, France,
Germany, Israel, Netherlands, Spain,
Switzerland, and the United Kingdom from
19 June 2020 to 17 May 2021. Overall, 121
children were randomized and received 1 or
more doses of either ELX/TEZ/IVA or
placebo in the 24-week treatment period:

60 children received ELX/TEZ/IVA, and

61 children received placebo (Figure 1). One
child (1.7%) discontinued ELX/TEZ/IVA
because of an AE of rash. The baseline
demographics and clinical characteristics
were similar between the two treatment
groups (Tables 1 and E2).

Efficacy
The primary endpoint of this study was
absolute change in LCI, 5 from baseline

121 children met eligibility criteria
and were enrolled

61 children randomized to
placebo group and dosed

60 children randomized to
ELX/TEZ/IVA group and dosed

________________

1 child discontinued
due to an AE of rash

________________

61 children completed
treatment period

59 children completed
treatment period

Figure 1. Participant disposition diagram. AE = adverse event; ELX/TEZ/IVA = elexacaftor/

tezacaftor/ivacaftor.
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Table 1. Demographics and Clinical Characteristics of the Participants at Baseline*

Placebo ELX/TEZ/IVA
n=61 n=60
Female sex, n (%) 35 (57.4) 35 (58.3)
Age at baseline, mean (SD), y 9.2 (1.7) 9.1 (1.8)
Race, n (%)'
White 42 (68.9) 45 (75.0)
Black or African American 0 (0) 1(1.7)
Asian 0 (0) 1(1.7)
American Indian or Alaska Native 0 (0) 1(1.7)
Native Hawaiian or other Pacific Islander 0 (0) 0 (0)
Other 1(1.6) 0 (0)
Not collected per local regulations 18 (29.5) 11 (18.3)
Ethnicity, n (%)
Hispanic or Latino 0 (0) 1(1.7)
Not Hispanic or Latino 42 (68.9) 48 (80.0)
Not collected per local regulations 19 (31.1) 11 (18.3)
Geographic region, n (%)
Europe 49 (80.3) 43 (71.7)
Other countries (Australia, Canada, Israel) 12 (19.7) 17 (28.3)
Weight, mean (SD), kg 29.8 (8.6) 29.1 (7.6)
Weight distribution, n (%)
<30 kg 38 (62.3) 39 (65.0)
=30 kg 23 (37.7) 21 (35.0)
Weight-for-age z-score, mean (SD) —0.29 (0.96) —0.27 (0.99)
Height, mean (SD), cl 134.6 (13.3) 132.3 (11.7)
Height-for-age z- score mean (SD) 0.01 (1.26) -0.17 (1.02)
BMI, mean (SD), kg/m? 16.11 (2.32) 16.33 (1.84)
BMI-for-age z-score, mean (SD) —0.39 (0.92) —0.17 (0.85)
LCly 5, mean (SD), units 9.75 (1.95) 10.26 (2.22)
Sweat chloride concentration, mean (SD), mmol/L 102.6 (8.6) 102.8 (10.0)
ppFEV4, mean (SD) 87.2 (15.8) 91.4 (13.8)
ppFEV, category, n (%)
<70 10 (16.4) 4 (6.7)
=70 to <90 23 (37.7) 20 (33.3)
>90 28 (45.9) 36 (60.0)
CFQ-R respiratory domaln score (child’s version), 82.7 (14.1) 85.7 (11.7)

mean (SD) points¥

Definition of abbreviations: BMI

=body mass index; CFQ-R = Cystic Fibrosis Questionnaire

Revised; ELX/TEZ/IVA = elexacaftor/tezacaftor/ivacaftor; LCl, s = lung clearance indexs s;

ppFEV4 = percent predicted FEV;.

*Baseline was defined as the most recent nonmissing measurement before the first dose of the

study drug in the treatment period.

TThe race categories may sum to more than 100% because each participant could indicate

more than 1 race.

*Child’s version of CFQ-R was used in the assessment. Scores for the CFQ-R respiratory
domain range from 0 to 100, with higher scores indicating a higher patient-reported quality of

life with regard to respiratory status.

through Week 24. Mean LCI, 5 at baseline
was 10.26 units (standard deviation [SD],
2.22) in the ELX/TEZ/IVA group and
9.75 units (SD, 1.95) in the placebo group
(Table 1). Children who received
ELX/TEZ/IVA had a mean change in LCI, 5
of —2.29 units (95% confidence interval [CI],
—2.60 to —1.97), whereas children who
received placebo had a mean change of
—0.02 units (95% CI, —0.34 to 0.29); the
between-group treatment difference was
—2.26 units (95% CI, —2.71 to —1.81;
P <0.0001) (Table 2 and Figure 2A).

An ad hoc subgroup analysis showed
the mean between-group treatment

1364

difference in LCI, 5 was —1.69 (95% CI,
—2.12 to —1.26) in children with LCI, 5 <10
at screening and —2.79 (95% CI, —3.68 to
—1.90) in children with an LCI, 5 =10 at
screening (Table E3). Absolute changes in
sweat chloride concentration (secondary
endpoint), ppFEV; (other endpoint), and
CFQ-R respiratory domain score (other
endpoint) were also assessed. Mean sweat
chloride concentration at baseline was
102.8 mmol/L (SD, 10.0) in the
ELX/TEZ/IVA group and 102.6 mmol/L
(SD, 8.6) in the placebo group (Table 1).
Children given ELX/TEZ/IVA had a mean
change in sweat chloride concentration of

—52.1 mmol/L (95% CI, —55.0 to —49.2)
compared with a mean change of —0.9
mmol/L (95% CI, —3.8 to 2.0) in children
given placebo (between-group treatment
difference, —51.2 mmol/L; 95% CI, —55.3 to
—47.1; nominal P < 0.0001) from baseline
through Week 24 (Table 2 and Figure 2B).
Mean ppFEV, at baseline was 91.4
percentage points (SD, 13.8) in the
ELX/TEZ/IVA group and 87.2 percentage
points (SD, 15.8) in the placebo group

(Table 1). ELX/TEZ/IVA treatment resulted
in a mean change in ppFEV; of 9.5
percentage points (95% CI, 6.6-12.4),
whereas there was a mean change in ppFEV,
of — 1.5 percentage points (95% CI, —4.4 to
1.4) in children given placebo (between-
group treatment difference, 11.0 percentage
points; 95% CI, 6.9-15.1; nominal

P <0.0001) from baseline through Week 24
(Table 2 and Figure 2C). The mean CFQ-R
respiratory domain score at baseline was 85.7
points (SD, 11.7) in the ELX/TEZ/IVA group
and 82.7 points (SD, 14.1) in the placebo
group (Table 1). ELX/TEZ/IVA treatment
resulted in a mean increase in CFQ-R
respiratory domain score of 5.9 points

(95% CI, 2.8-9.1) compared with a mean
increase of 0.5 points (95% CI, —2.7 to 3.6)
in children receiving placebo (between-group
treatment difference, 5.5; 95% CI, 1.0-10.0;
nominal P=0.0174) from baseline through
Week 24 (Table 2 and Figure 2D). Mean
sweat chloride concentrations after treatment
of <60 mmol/L and <30 mmol/L through
Week 24 were assessed as a post hoc analysis.
Overall, 49 of 60 children (81.7%) treated
with ELX/TEZ/IVA had sweat chloride
concentrations <60 mmol/L, and 2 of

60 children (3.3%) had sweat chloride
concentrations <30 mmol/L through Week 24;
no children who received placebo had sweat
chloride concentrations <60 mmol/L through
Week 24 (Figure E2 and Table E4).

Safety

Overall, 48 children (80%) who received
ELX/TEZ/IVA and 57 children (93.4%) who
received placebo had AEs (Table 3). The
majority had AEs that were mild or
moderate in severity and generally consistent
with manifestations of CF. The most
common AEs (=15% of children) in the
ELX/TEZ/IVA group were headache (30%)
and cough (23.3%) and in the placebo group
were cough (42.6%), abdominal pain
(27.9%), infective pulmonary exacerbation of
CF (26.2%), headache (19.7%), and
oropharyngeal pain (19.7%). Serious AEs

American Journal of Respiratory and Critical Care Medicine Volume 206 Number 11 | December 1 2022



Table 2. Primary, Secondary, and Other Efficacy Endpoints

Primary endpoint: absolute change in LCl, s, units

Baseline, mean (SD)*

Absolute change through Week 24, LS mean (95% ClI) -

Between-group difference (95% ClI)

Placebo ELX/TEZ/IVA
n=61 n=60
.75 (1.95) 10.26 (2.22)

7
.02 (—0.34 to 0.29)

—2.29 (—2.60 to —1.97)

—2.26 (—2.71 to —1.81) P <0.0001

Secondary endpoint: absolute change in sweat chloride, mmol/L

Baseline, mean (SD)*

Absolute change through Week 24, LS mean (95% CI)

Between-group difference (95% ClI)

102.6 (8.6)
—0.9 (—3.8 t0 2.0)

102.8 (10.0)
—52.1 (~55.0 to —49.2)

—-51.2 (-55.3 to —47.1) P<0.0001"

Other endpoint: absolute change in ppFEV,, percentage points

Baseline, mean (SD)*

Absolute change through Week 24, LS mean (95% Cl)

Between-group difference (95% ClI)

87.2 (15.8)
—1.5 (—4.4 to0 1.4)

11.0 (6.9 to 15.1) P < 0.0001"

Other endpoint: absolute change in CFQ-R respiratory domain score, points

Baseline, mean (SD)*

Absolute change through Week 24, LS mean (95% ClI)

Between-group difference (95% ClI)

~

(14.
0.5 (—2.7 t0 3.6)
5.5 (1.0 to 10.0) P=0.0174"

91.4 (13.8)
9.5 (6.6 to 12.4)

85.7 (11.7)
5.9 (2.8 10 9.1)

Definition of abbreviations: CFQ-R = Cystic Fibrosis Questionnaire Revised; Cl = confidence interval; ELX/TEZ/IVA = elexacaftor/tezacaftor/
ivacaftor; LCl, s =lung clearance index, s; LS = least-squares; ppFEV4 = percent predicted FEV;; SD = standard deviation.
*Baseline was defined as the most recent nonmissing measurement before the first dose of the study drug in the treatment period.

TP values are considered to be nominal.

occurred in 4 children (6.7%) receiving
ELX/TEZ/IVA and in 9 children (14.8%)
receiving a placebo. One child (1.7%) who
received ELX/TEZ/IVA had a serious AE of
rash that resolved after treatment
discontinuation.

On the basis of previous experience with
ELX/TEZ/IVA, including phase 3 trials in
participants 12 years of age or older and in
children 6 through 11 years of age (11, 12, 20),
data related to aminotransferases, rash
events, blood pressure, and creatine kinase
were reviewed. Among children who
received ELX/TEZ/IV A, elevated
concentrations of alanine aminotransferase
and/or aspartate aminotransferase more
than three times the upper limit of normal
(ULN) occurred in eight children (13.6%),
with three (5.1%) having concentrations
more than five times the ULN and one
(1.7%) having concentrations more than
eight times the ULN. Among children who
received placebo, three (4.9%) had elevated
concentrations of alanine aminotransferase
and/or aspartate aminotransferase more
than three times the ULN, with one child
(1.6%) having concentrations more than five
times the ULN and no children having
concentrations more than eight times the
ULN (Table E5). No children had alanine
aminotransferase and/or aspartate
aminotransferase concentrations more than

three times the ULN concurrent with total
bilirubin concentrations more than two
times ULN. Adverse events of elevated
aminotransferases were reported in six
children (10.0%) who received
ELX/TEZ/IVA and in three children (4.9%)
who received placebo, all of which were mild
or moderate in severity and none of which
were considered serious or led to treatment
discontinuation.

Eight children (13.3%) who received
ELX/TEZ/IVA and three children (4.9%)
who received placebo had rash events
(Table E6). Rash events comprised a group
AE term that included preferred terms of
rash, rash erythematous, rash maculopapular,
rash papular, skin exfoliation, and urticaria.
Among children who had rash events, most
had events that were mild or moderate in
severity. One child (1.7%) had a serious AE
of rash that developed on Day 8 of
ELX/TEZ/IVA treatment. This AE resolved
after study drug discontinuation and
treatment with antihistamines and topical
steroids. No other children discontinued
treatment because of rash events.

In children who received ELX/TEZ/IVA,
the mean change from baseline in systolic
blood pressure (mm Hg) ranged from
0.1 (Day 15) to 2.6 (Week 8), and in diastolic
blood pressure ranged from —2.1 (Day 15) to
1.1 (Week 8) (Table E7). In children who
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received placebo, the mean change from
baseline in systolic blood pressure ranged
from 0.0 (Week 4) to 2.6 (Week 16), and in
diastolic blood pressure ranged from —0.3
(Week 4) to 1.3 (Week 8). No children had
AEs of blood pressure increased. No
children had creatine kinase concentrations
more than five times the ULN (Table ES8).
There were no notable safety findings in
other clinical or laboratory assessments.

Discussion

The efficacy and safety of ELX/TEZ/IVA
were evaluated in a 24-week randomized,
double-blind, placebo-controlled trial in
children 6 through 11 years of age with F/MF
genotypes. Treatment with ELX/TEZ/IVA
resulted in significant improvements in
LCL, 5 as well as robust improvements in
ppFEV,, CFQ-R respiratory domain score,
and sweat chloride concentration compared
with placebo. Safety data were consistent
with the established safety profile for
ELX/TEZ/IV A, with no new safety concerns
observed.

Impaired lung function is a hallmark of
CF disease progression that begins early in
life (17). In adults and adolescents with CF,
lung function impairment is typically
assessed using spirometry. However, in
children with CF, baseline FEV is often
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Figure 2. Efficacy results by visit. (A) Absolute change in LCl, 5 from baseline at each visit. Lower values indicate decreased airway obstruction
and improved homogeneity of ventilation. (B) Absolute change in sweat chloride concentration from baseline at each visit; lower values indicate
increased CFTR function. (C) Absolute change in ppFEV4 from baseline at each visit. (D) Absolute change in the respiratory domain score on
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within the normal range (26), as was seen in
the children enrolled in this study. LCL, 5, a
measure of ventilation inhomogeneity
derived from the multiple-breath washout
test, can detect early changes in lung function
and small airway disease and is therefore
considered a more sensitive predictor of lung
disease progression than FEV in children
with CF (27, 28). A longitudinal natural
history study showed that children 6 through
11 years of age with CF who were not treated
with a CFTR modulator had an annual
increase in LCI, 5 of 0.21 units (29).
Treatment with the CFTR modulators
TEZ/TVA (within-group change —0.51 units
at Week 8) and LUM/IVA (within-group
change —0.88 at Week 24) was associated
with improved LCI, 5 in children 6 through
11 years (30, 31). In the current study,
abnormal LCI, 5 (=7.5) values were an
inclusion criterion, indicating the presence of
early small airway disease in these children.
In contrast to the natural history data, as well
as the TEZ/IVA and LUM/IVA data
described above, ELX/TEZ/IVA treatment
resulted in a statistically significant
improvement in LCI, 5 of —2.26 units from
baseline through Week 24 compared with
placebo, which was rapid (occurring by
Day 15) and sustained. Although the
minimal clinically important difference for
LCIL, 5 has not been defined, our results
indicate ELX/TEZ/IVA treatment is
associated with a robust and sustained
improvement in small airway function and
pulmonary ventilation in children with CF.
After the data from this clinical trial had
been analyzed, the software for the
EcoMedics Exhalyzer-D multiple-breath
washout device, used for LCI, 5 assessment in
the current study, was updated to correct for
cross-sensitivity in the device’s oxygen and
carbon dioxide sensors that would otherwise
result in overestimation of the nitrogen
concentration (32). The effect of this
software update on the interpretation of LCI
results was assessed in a recent report that
reanalyzed data sets from six previous studies
involving 1,036 multiple-breath washout
tests (33). As expected, the correction
algorithm resulted in somewhat lower LCI
values but did not change their interpretation

Table 3. Adverse Events*

Any AE

AE by maximum severity
Mild
Moderate
Severe

Serious AE

Serious related AE

AE leading to death

AE leading to discontinuation

Most prevalent AEs®
Headache
Cough
Nasopharyngitis
Productive cough
Rhinorrhea
Rash
Abdominal pain
Oropharyngeal pain

Infective pulmonary exacerbation of cystic fibrosis

Placebo ELX/TEZ/IVA
n=61, n (%) n=60, n (%)
57 (93.4) 48 (80.0)
26 (42.6) 30 (50.0)
29 (47.5) 16 (26.7)

2 (3.3) 2 (3.3)

9 (14.8) 4 (6.7)

1 (1.6) 1(1.7)

0 (0) 0 (0)

0 (0) 1(1.7)*
12 (19.7) 18 (30.0)
26 (42.6) 14 (23.3)

9 (14.8) 7 (11.7)

6 (9.8) 7 (11.7)

7 (11.5) 7 (11.7)

3 (4.9) 6 (10.0)
17 (27.9) 5 (8.3)
12 (19.7) 3 (5.0)

16 (26.2) 1(1.7)

Definition of abbreviations: AE = adverse event; ELX/TEZ/IVA = elexacaftor/tezacaftor/ivacaftor.
*A participant with multiple events within a category was counted only once in that category.
TSeverity was determined by the investigator observing the event.

*One child had a serious AE of rash that was considered possibly related to ELX/TEZ/IVA and

resolved after study discontinuation.

SOnly AEs that occurred in =10% of participants are listed; the listing is according to the
preferred term (Medical Dictionary for Regulatory Activities version 24.0).

or the significance of treatment effects (33).
In light of the robust LCIL, 5 treatment effect
seen with ELX/TEZ/IVA in the current study
and the results of the reanalysis performed
with updated software in the study above, it
is highly unlikely that a reanalysis of the LCI
data would alter the interpretation of the
results obtained with the prespecified
analysis as reported here.

Children in this study also had
substantial improvements in both ppFEV,
and CFQ-R respiratory domain score.
Decreases in FEV are a sensitive indicator of
airflow limitation in larger conducting
airways that are often seen in adolescents and
adults with CF, corresponding to the degree
of airway obstruction determined by wall
thickening and mucus plugging (34). In this
study, despite preserved spirometry at
baseline, children given ELX/TEZ/IVA had a
mean increase of 11.0 percentage points in
PpFEV, compared with placebo from
baseline through Week 24, similar to the

improvement observed in older patients with
F/MF genotypes treated with ELX/TEZ/IVA
who had substantially lower baseline ppFEV,
values as well as in the open-label study of
ELX/TEZ/IVA in this age group (11, 20).
This result indicates that, in addition to the
substantial improvement in small airway
function seen on the basis of the
improvement in LCI, 5 with ELX/TEZ/IVA
treatment, these children also had improved
large airway function, further confirming the
robust clinical benefit of ELX/TEZ/IVA
treatment on lung function in this pediatric
population. Furthermore, children given
ELX/TEZ/IVA also had a mean increase of
5.5 points in CFQ-R respiratory domain
score compared with placebo, reflecting
improved respiratory symptoms and
exceeding the minimal clinically important
difference of four points (35). These findings
corroborate the marked improvement in
respiratory status indicated by improved
LCI, 5 as the primary endpoint.

Figure 2. (Continued). the CFQ-R (child’s version) from baseline at each visit; scores normalized to a 100-point range, with higher scores
indicating a higher patient-reported quality of life with regard to respiratory symptoms. Data are least-squares means based on a mixed-effects
model for repeated measures; |-bars indicate the standard error of the mean, and the dashed horizontal line corresponds to the baseline. The
sample size shown below the x-axis is the number of children at the time point with evaluable in-clinic data. CFQ-R = Cystic Fibrosis Questionnaire
Revised; ELX/TEZ/IVA = elexacaftor/tezacaftor/ivacaftor; LCl, 5 =lung clearance index, s; ppFEV; = percent predicted FEV;.
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Sweat chloride concentration provides
a direct measure of systemic CFTR function
(6). A recent observational study in
adolescents and adults with CF and at least
one F508del allele showed improvements in
sweat chloride concentration achieved with
ELX/TEZ/IVA treatment were associated
with improvements in CFTR function
in airway and intestinal epithelia (36).
As pediatric patients with CF often have
clinical manifestations of the disease beyond
the lung, including exocrine pancreatic
insufficiency and malabsorption, it is
important to understand the systemic
impact of modulator therapies on CFTR
function. In the previous open-label study in
children 6 through 11 years of age, a
subgroup analysis showed ELX/TEZ/IVA
treatment improved sweat chloride
concentrations in children with F/MF
genotypes, with a mean change of —55.1
mmol/L from baseline through Week 24
(20). In addition, 80% of children achieved
sweat chloride concentrations <60 mmol/L
and 5.7% achieved sweat chloride
concentrations <30 mmol/L (20). In this
study, treatment with ELX/TEZ/IVA
resulted in similar rapid and robust
reductions in sweat chloride concentration
through Week 24 compared with placebo
(treatment difference, —51.2 mmol/L); no
children in the placebo group achieved sweat
chloride concentrations <60 mmol/L,
whereas 81.7% of children treated with ELX/
TEZ/IV A achieved sweat chloride
concentrations <60 mmol/L (nominal
P <0.0001 vs. placebo) and
3.3% achieved sweat chloride concentrations
<30 mmol/L (nominal P < 0.2438 vs.
placebo). These results demonstrate that
ELX/TEZ/IVA treatment substantially
improves CFTR function in this age group.

Treatment with ELX/TEZ/IVA was
generally safe and well tolerated, with a

safety profile consistent with the previous
open-label study in children 6 through 11
years of age, as well as studies in
adolescents and adults (11, 12, 20). The
incidence of transaminase elevation and
rash events associated with ELX/TEZ/IVA
treatment was consistent with the open-
label study in children 6 through 11 years
of age, and as seen previously, children
had no meaningful changes in blood
pressure.

One potential limitation of the current
study, as well as other clinical studies in
participants with F508del-CFTR mutations,
is the relative paucity of individuals from
minority groups, a consequence of the
F508del-CFTR mutation being less common
in these populations and individuals from
minority groups being more likely to have
an unknown CFTR mutation or a deletion
or duplication mutations that can be missed
on DNA panels (37). In addition, in the
current study, up to 31.1% of participants
in the placebo group and 18.3% of
participants in the ELX/TEZ/IVA group
were from areas where race and/or ethnicity
information was not collected as per local
regulations. Although unknown, these
participants may have been from different
racial backgrounds, including minority
groups. However, it is also important to
consider that entering clinical trials may be
more challenging for minority groups
because of critical barriers that have been
identified, such as mistrust, lack of comfort
and information on the clinical trial
process, time and resource constraints, and
lack of awareness of clinical trials (38).
Finally, part of this study took place during
the COVID-19 pandemic, in which social
distancing, limitations on social interactions,
and mask use could have contributed to a
decrease in the background rate of
pulmonary exacerbations (39).

Conclusions

In this first randomized controlled study of
a CFTR modulator in children 6 through
11 years of age with the F/MF genotypes,
treatment with ELX/TEZ/IVA led to rapid,
statistically significant, and clinically
meaningful improvements in lung function
compared with placebo. Improvements in
respiratory symptoms and CFTR function,
similar to those seen in adolescents and
adults (11, 12), were observed in children
given ELX/TEZ/IVA compared with
placebo. ELX/TEZ/IVA was generally safe
and well tolerated in this pediatric
population with no new safety findings.
Taken together, these results demonstrate
the ability of ELX/TEZ/IVA treatment to
ameliorate early airway disease in CF and
alter the natural trajectory of CF disease in
children.

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

Acknowledgments: The authors thank the
patients and their families for participating in
this trial; all site trial investigators and
coordinators; the members of the Cystic
Fibrosis Foundation Therapeutics Development
Network and the European Cystic Fibrosis
Society Clinical Trials Network for their support
of the trial sites; Swati Thorat, Ph.D., an
employee of Vertex Pharmaceuticals, who may
own stock or stock options in the company, for
providing editorial coordination and support;
Nathan Blow, Ph.D., an employee of Vertex
Pharmaceuticals, who may own stock or stock
options in the company, for providing medical
writing and editorial support under the guidance
of the authors; and Hossein Heidari Torkabadi,
Pharm.D., Ph.D., of ArticulateScience, LLC, for
providing editorial assistance under the
guidance of the authors and with support from
Vertex Pharmaceuticals. J.C.D. is supported by
the National Institutes of Health Research
through a Senior Investigator Award, the
Imperial Biomedical Research Centre, and the
Brompton Clinical Research Facility.

References

1. Riordan JR, Rommens JM, Kerem B, Alon N, Rozmahel R, Grzelczak Z,
et al. Identification of the cystic fibrosis gene: cloning and
characterization of complementary DNA. Science 1989;245:1066—1073.

2. Cystic Fibrosis Mutation Database (CFTR1); 2011 [accessed 2022 Jan
13]. Available from: http://www.genet.sickkids.on.ca/.

3. The Clinical and Functional TRanslation of CFTR (CFTR2); 2011
[accessed 2022 Jan 13]. Available from: https://cftr2.org/.

4. Riordan JR. CFTR function and prospects for therapy. Annu Rev Biochem

2008;77:701-726.

5. Bell SC, Mall MA, Gutierrez H, Macek M, Madge S, Davies JC, et al. The
future of cystic fibrosis care: a global perspective. Lancet Respir Med

2020;8:65-124.

6. Elborn JS. Cystic fibrosis. Lancet 2016;388:2519-2531.

1368

7. Anderson MP, Gregory RJ, Thompson S, Souza DW, Paul S, Mulligan RC,
et al. Demonstration that CFTR is a chloride channel by alteration of its

anion selectivity. Science 1991;253:202—205.

8. Ratjen F, Bell SC, Rowe SM, Goss CH, Quittner AL, Bush A. Cystic
fibrosis. Nat Rev Dis Primers 2015;1:15010.

9. Mall MA, Mayer-Hamblett N, Rowe SM. Cystic fibrosis: emergence of
highly effective targeted therapeutics and potential clinical implications.
Am J Respir Crit Care Med 2020;201:1193-1208.

10. Van Goor F, Hadida S, Grootenhuis PD, Burton B, Cao D, Neuberger T,

et al. Rescue of CF airway epithelial cell function in vitro by a CFTR

potentiator, VX-770. Proc Natl Acad Sci USA 2009;106:18825-18830.

11. Middleton PG, Mall MA, Drevinek P, Lands LC, McKone EF, Polineni D,
et al.; VX17-445-102 Study Group. Elexacaftor-tezacaftor-ivacaftor for

cystic fibrosis with a single Phe508del allele. N Engl J Med 2019;381:

1809-1819.

American Journal of Respiratory and Critical Care Medicine Volume 206 Number 11 | December 1 2022


http://www.atsjournals.org/doi/suppl/10.1164/rccm.202202-0392OC/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://www.genet.sickkids.on.ca/
https://cftr2.org/

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
283.
24.

25.

Mall, Brugha, Gartner, et al.. ELX/TEZ/IVA in Children with F/MF Genotypes

Heijerman HGM, McKone EF, Downey DG, Van Braeckel E, Rowe SM,
Tullis E, et al.; VX17-445-103 Trial Group. Efficacy and safety of the
elexacaftor plus tezacaftor plus ivacaftor combination regimen in
people with cystic fibrosis homozygous for the F508del mutation: a
double-blind, randomised, phase 3 trial. Lancet 2019;394:1940-1948.

Sutharsan S, McKone EF, Downey DG, Duckers J, MacGregor G, Tullis E,
et al.; VX18-445-109 Study Group. Efficacy and safety of elexacaftor
plus tezacaftor plus ivacaftor versus tezacaftor plus ivacaftor in people
with cystic fibrosis homozygous for F508del-CFTR: a 24-week,
multicentre, randomised, double-blind, active-controlled, phase 3b trial.
Lancet Respir Med 2022;10:267-277.

Middleton PG, Taylor-Cousar JL. Development of elexacaftor - tezacaftor
- ivacaftor: highly effective CFTR modulation for the majority of people
with cystic fibrosis. Expert Rev Respir Med 2021;15:723-735.

Farrell PM, Kosorok MR, Rock MJ, Laxova A, Zeng L, Lai HC, et al.;
Wisconsin Cystic Fibrosis Neonatal Screening Study Group. Early
diagnosis of cystic fibrosis through neonatal screening prevents severe
malnutrition and improves long-term growth. Pediatrics 2001;107:1-13.

Lopes-Pacheco M. CFTR modulators: the changing face of cystic fibrosis
in the era of precision medicine. Front Pharmacol 2020;10:1662.

Ranganathan SC, Hall GL, Sly PD, Stick SM, Douglas TA; Australian
Respiratory Early Surveillance Team for Cystic Fibrosis (AREST-CF).
Early lung disease in infants and preschool children with cystic fibrosis.
What have we learned and what should we do about it? Am J Respir
Crit Care Med 2017;195:1567—-1575.

Stahl M, Steinke E, Graeber SY, Joachim C, Seitz C, Kauczor HU, et al.
Magnetic resonance imaging detects progression of lung disease and
impact of newborn screening in preschool children with cystic fibrosis.
Am J Respir Crit Care Med 2021;204:943-953.

Stahl M, Wielputz MO, Ricklefs |, Dopfer C, Barth S, Schlegtendal A,
et al. Preventive inhalation of hypertonic saline in infants with cystic
fibrosis (PRESIS). A randomized, double-blind, controlled study. Am J
Respir Crit Care Med 2019;199:1238-1248.

Zemanick ET, Taylor-Cousar JL, Davies J, Gibson RL, Mall MA,

McKone EF, et al. A phase 3 open-label study of elexacaftor/tezacaftor/
ivacaftor in children 6 through 11 years of age with cystic fibrosis and at
least one F508del allele. Am J Respir Crit Care Med 2021;203:1522—
1532.

Ratjen F, Hug C, Marigowda G, Tian S, Huang X, Stanojevic S, et al.;
VX14-809-109 Investigator Group. Efficacy and safety of lumacaftor
and ivacaftor in patients aged 6-11 years with cystic fibrosis
homozygous for F508del-CFTR: a randomised, placebo-controlled
phase 3 trial. Lancet Respir Med 2017;5:557-567.

Gustafsson PM, De Jong PA, Tiddens HA, Lindblad A. Multiple-breath
inert gas washout and spirometry versus structural lung disease in
cystic fibrosis. Thorax 2008;63:129-134.

Robinson PD, Goldman MD, Gustafsson PM. Inert gas washout:
theoretical background and clinical utility in respiratory disease.
Respiration 2009;78:339-355.

Amin R, Subbarao P, Jabar A, Balkovec S, Jensen R, Kerrigan S, et al.
Hypertonic saline improves the LCI in paediatric patients with CF with
normal lung function. Thorax 2010;65:379-383.

Amin R, Subbarao P, Lou W, Jabar A, Balkovec S, Jensen R, et al. The
effect of dornase alfa on ventilation inhomogeneity in patients with
cystic fibrosis. Eur Respir J 2011;37:806—812.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lombardi E, Gambazza S, Pradal U, Braggion C. Lung clearance index in
subjects with cystic fibrosis in ltaly. /tal J Pediatr 2019;45:56.

Kraemer R, Blum A, Schibler A, Ammann RA, Gallati S. Ventilation
inhomogeneities in relation to standard lung function in patients with
cystic fibrosis. Am J Respir Crit Care Med 2005;171:371-378.

Stahl M, Wielpltz MO, Graeber SY, Joachim C, Sommerburg O,

Kauczor HU, et al. Comparison of lung clearance index and
magnetic resonance imaging for assessment of lung disease in
children with cystic fibrosis. Am J Respir Crit Care Med 2017;195:
349-359.

Frauchiger BS, Binggeli S, Yammine S, Spycher B, Kriiger L, Ramsey KA,
et al. Longitudinal course of clinical lung clearance index in children with
cystic fibrosis. Eur Respir J 2021;58:2002686.

Milla CE, Ratjen F, Marigowda G, Liu F, Waltz D, Rosenfeld M; VX13-
809-011 Part B Investigator Group. Lumacaftor/ivacaftor in patients
aged 6-11 years with cystic fibrosis and homozygous for F508del-
CFTR. Am J Respir Crit Care Med 2017;195:912-920.

Davies JC, Sermet-Gaudelus I, Naehrlich L, Harris RS, Campbell D,
Ahluwalia N, et al. A phase 3, double-blind, parallel-group study to
evaluate the efficacy and safety of tezacaftor in combination with
ivacaftor in participants 6 through 11 years of age with cystic
fibrosis homozygous for F508del or heterozygous for the F508del-
CFTR mutation and a residual function mutation. J Cyst Fibros
2021;20:68-77.

Wyler F, Oestreich MA, Frauchiger BS, Ramsey KA, Latzin P. Correction
of sensor crosstalk error in Exhalyzer D multiple-breath washout device
significantly impacts outcomes in children with cystic fibrosis. J App/
Physiol 2021;131:1148-1156.

Robinson PD, Jensen R, Seeto RA, Stanojevic S, Saunders C, Short C,
et al. Impact of cross-sensitivity error correction on representative
nitrogen-based multiple breath washout data from clinical trials. J Cyst
Fibros 2022;21:€204—e207.

Kotodziej M, de Veer MJ, Cholewa M, Egan GF, Thompson BR. Lung
function imaging methods in cystic fibrosis pulmonary disease. Respir
Res 2017;18:96.

Quittner AL, Modi AC, Wainwright C, Otto K, Kirihara J, Montgomery AB.
Determination of the minimal clinically important difference scores
for the Cystic Fibrosis Questionnaire-Revised respiratory symptom scale
in two populations of patients with cystic fibrosis and chronic
Pseudomonas aeruginosa airway infection. Chest 2009;135:
1610-1618.

Graeber SY, Vitzthum C, Pallenberg ST, Naehrlich L, Stahl M, Rohrbach A,
et al. Effects of elexacaftor/tezacaftor/ivacaftor therapy on CFTR
function in patients with cystic fibrosis and one or two F508del alleles.
Am J Respir Crit Care Med 2022;205:540-549.

McGarry ME, McColley SA. Cystic fibrosis patients of minority race and
ethnicity less likely eligible for CFTR modulators based on CFTR
genotype. Pediatr Pulmonol 2021;56:1496—1503.

Clark LT, Watkins L, Pina IL, ElImer M, Akinboboye O, Gorham M, et al.
Increasing diversity in clinical trials: overcoming critical barriers. Curr
Probl Cardiol 2019;44:148-172.

Patel S, Thompson MD, Slaven JE, Sanders DB, Ren CL.
Reduction of pulmonary exacerbations in young children with
cystic fibrosis during the COVID-19 pandemic. Pediatr Pulmonol
2021;56:1271-1273.

1369



