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Abstract

Rationale: Previous phase 3 trials showed that treatment with
lumacaftor/ivacaftor was safe and efficacious in people aged
>2 years with cystic fibrosis (CF) homozygous for the F508del
mutation in CFTR (CF transmembrane conductance regulator)
(F/F genotype).

Objectives: To assess the safety, pharmacokinetics, and
pharmacodynamics of lumacaftor/ivacaftor in children aged 1 to
,2 years with the F/F genotype.

Methods: This open-label, phase 3 study consisted of two parts
(part A [n= 14] and part B [n= 46]) in which two cohorts were
enrolled on the basis of age (cohort 1, 18 to ,24 mo; cohort 2, 12
to ,18 mo). For the 15-day treatment period in part A, the
lumacaftor/ivacaftor dose was based on weight at screening.
Pharmacokinetic data from part A were used to determine dose-
based weight boundaries for part B (24-wk treatment period).

Measurements and Main Results: The primary endpoint of
part A was pharmacokinetics, and the primary endpoint for part B
was safety and tolerability. Secondary endpoints for part B were
absolute change in sweat chloride concentration from baseline at
Week 24 and pharmacokinetics. Analysis of pharmacokinetic data
from part A confirmed the appropriateness of part B dosing.

In part B, 44 children (95.7%) had adverse events, which for most
were either mild (52.2% of children) or moderate (39.1% of
children) in severity. The most common adverse events were
cough, infective pulmonary exacerbation of CF, pyrexia, and
vomiting. At Week 24, mean absolute change from baseline in
sweat chloride concentration was 229.1 mmol/L (95% confidence
interval, 234.8 to 223.4 mmol/L). Growth parameters (body
mass index, weight, length, and associated z-scores) were normal
at baseline and remained normal during the 24-week treatment
period. Improving trends in some biomarkers of pancreatic
function and intestinal inflammation, such as fecal elastase-1,
serum immunoreactive trypsinogen, and fecal calprotectin, were
observed.

Conclusions: Lumacaftor/ivacaftor was generally safe and well
tolerated in children aged 1 to ,2 years with the F/F genotype,
with a pharmacokinetic profile consistent with studies in older
children. Efficacy results, including robust reductions in sweat
chloride concentration, suggest the potential for CF disease
modification with lumacaftor/ivacaftor treatment. These results
support the use of lumacaftor/ivacaftor in this population.

Clinical trial registered with www.clinicaltrials.gov (NCT
03601637).
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Cystic fibrosis (CF) is an autosomal
recessive disease caused by mutations in
the CFTR (CF transmembrane conductance
regulator) gene that affects more than
80,000 people worldwide (1–3). Pathogenic
variants in the CFTR gene lead to decreases
in the quantity and function of the CFTR
protein, an anion channel found in various
epithelial cells (1, 2, 4).

Clinical manifestations of CF begin early
in life. Most infants have elevated sweat
chloride concentrations, measurable
pulmonarymanifestations, and exocrine

pancreatic insufficiency with poor growth (5),
making early treatment intervention critically
important for altering the course of CF.Most
newborns with CF have exocrine pancreatic
insufficiency from in utero pancreatic damage,
and impaired lung function and structural
airway damage can bemeasured in infants as
young as 3 months of age (6–9). The small
airway disease in infants with CF eventually
leads to progressively worsening pulmonary
dysfunction and advanced lung disease, with
pulmonary infection, inflammation, and
structural lung disease frequently observed in
school-aged children (10, 11).

CFTR modulators are small-molecule
therapeutics designed to treat the
underlying causes of CF. Potentiators,
such as ivacaftor (IVA), enhance channel
gating activity, whereas correctors, such as
lumacaftor (LUM), tezacaftor, and
elexacaftor, improve CFTR protein
processing and trafficking to the cell
surface (12–15). The dual-treatment
regimen of LUM/IVA has been shown to
be safe and efficacious in children aged
>2 years and adults with CF homozygous
for the F508delmutation (F/F genotype).
In adolescents and adults aged>12 years
with CF, treatment with LUM/IVA was
associated with increased lung function
(percentage predicted FEV1) and
decreased rates of pulmonary
exacerbations over a 24-week treatment
period (16). An open-label extension
study showed that these improvements
were sustained over 96 weeks (17).
Treatment with LUM/IVA has also been
shown to be safe and to improve lung
function, growth parameters, and health-
related quality of life in children aged
6–11 years (18, 19). These results
demonstrated that LUM/IVA treatment
provides clinically meaningful and
durable benefits in people with CF aged
>6 years with the F/F genotype.

Recent studies of LUM/IVA and IVA in
children and infants support the clinical
benefits of early CFTRmodulator treatment
initiation. In children aged 2–5 years,
treatment with LUM/IVA was associated
with decreased sweat chloride concentrations
(an indicator of CFTR function), improved
biomarkers of pancreatic function (increased

fecal elastase-1 concentrations and decreased
serum immunoreactive trypsinogen
concentrations), and increased growth
parameters during a 24-week treatment
period (20). Similarly, in infants aged
4 months to,1 year and children aged 1 to
,2 years with CFTR gating mutations,
treatment with IVA was associated with
decreased sweat chloride concentrations,
improved biomarkers of pancreatic function,
and increased stable growth parameters
(21, 22). These results suggest that CFTR
modulator therapy, if initiated early in life,
can improve CFTR function, preserve
pancreatic function, and maintain growth
measures. Here, we report results from a
two-part, open-label, phase 3 trial designed
to assess the safety, pharmacokinetic (PK)
parameters, and pharmacodynamics of
LUM/IVA in children aged 1 to,2 years
with the F/F genotype, the youngest children
treated with LUM/IVA to date.

Methods

Participants, Trial Design,
and Oversight
In this phase 3, two-part, open-label trial of
LUM/IVA, children aged 1 to,2 years with
CF homozygous for the F508delmutation
(F/F genotype) were enrolled. Part A of the
study evaluated PK data and safety over a
15-day treatment period in two cohorts
enrolled sequentially: children aged 18 to,24
months (cohort 1) and those aged 12 to,18
months (cohort 2). Part B assessed safety,
tolerability, pharmacodynamics, and PK
parameters over a 24-week treatment period.
Additional details on study design (see Figure
E1 in the online supplement) and eligibility
criteria are provided in the online supplement.

Dosing for part A and part B was based
on weight at screening. Initial simulations for
children 1 to,2 years of age were used to
select LUM/IVA doses for part A that would
yield exposures comparable to those of adults
with CF. These initial simulations were based
on population PKmodels incorporating data
from children 2–11 years of age, noting that
PK data from children 1 to,2 years of age
were incorporated as they became available
to inform dose selections for subsequent

At a Glance Commentary

Scientific Knowledge on the
Subject: Previous phase 3 trials
showed that treatment with
lumacaftor/ivacaftor is safe and
efficacious in people with cystic
fibrosis (CF) aged 2 years and older
who are homozygous for the
F508del mutation in CFTR (CF
transmembrane conductance
regulator) (F/F genotype). As clinical
manifestations of CF can begin in
infancy, early treatment initiation is
critical in altering the course of CF
disease progression.

What This Study Adds to the
Field: This open-label, phase 3 study
was designed to assess the safety,
pharmacokinetics, and pharma-
codynamics of lumacaftor/ivacaftor
treatment in children 1 to ,2 years
of age with the F/F genotype, the
youngest children to be treated with
lumacaftor/ivacaftor to date.
Lumacaftor/ivacaftor was generally
safe and well tolerated, with a
pharmacokinetic profile consistent
with studies in older children.
Efficacy results, including reductions
in sweat chloride concentration,
suggest the potential for early CF
disease modification. Taken together,
these results support use of
lumacaftor/ivacaftor in children as
young as 1 year of age.
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This article has a related editorial.
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cohorts and parts of the study. For part A,
children in cohort 1 weighing 10 to,14 kg
received LUM 100 mg/IVA 125mg every
12 hours (q12h), and those weighing>14 kg
received LUM 150 mg/IVA 188mg q12h.
For cohort 2, children weighing 7 to,10 kg
received LUM 75mg/IVA 94 mg q12h,
those weighing 10 to,14 kg received LUM
100 mg/IVA 125 mg q12h, and those
weighing>14 kg received LUM 150 mg/IVA
188 mg q12h. Dosing for part B was based
on updated PKmodeling, such that
children weighing 7 to,9 kg received LUM
75mg/IVA 94 mg q12h, those weighing 9 to
,14 kg received LUM 100mg/IVA 125 mg
q12h, and those weighing>14 kg received
LUM 150mg/IVA 188 mg q12h.

The study was designed by Vertex
Pharmaceuticals Incorporated. Data
collection and analysis were performed by
Vertex in collaboration with the authors and
the VX16-809-122 Study Group. For each
enrolled child, informed consent was
provided by a parent or legal guardian in
accordance with local requirements. Safety
was monitored by an independent data and
safety monitoring committee. All authors
had full access to the trial data after final
database lock and critically reviewed 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 vouch for the fidelity of the trial to the
study protocol. Confidentiality agreements
were in place between the sponsor and each
investigative site during the trial.

During this trial, a global protocol
addendum that enabled in-home
assessments was implemented to address
travel restrictions and limitations of onsite
research procedures on the basis of
governmental and institutional mandates
resulting from the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
pandemic. Access to study drug therapy
and the collection of safety data were
prioritized. Implemented measures
included remote consent, shipment of
study drug to patients’ homes, in-home or
teleconference visits by qualified personnel,
in-home blood collection and analysis at
central or local laboratories, and remote
monitoring. The clinical trial protocol,
SARS-CoV-2–related protocol addendum,
and informed-consent forms were
approved by independent ethics
committees as required by local
regulations.

Outcome Measures
The primary endpoint for part A was PK
parameters of LUM and IVA. The primary
endpoint for part B was safety and
tolerability as assessed by adverse events
(AEs), clinical laboratory values, ECGs, vital
signs, pulse oximetry, physical examinations,
and ophthalmologic examinations.
Secondary endpoints for part B were absolute
change in sweat chloride concentration from
baseline at Week 24 and PK parameters of
LUM, IVA, and their respective metabolites.
Additional endpoints in part B included
absolute change from baseline at Week 24 in
weight-for-length z-score, body mass index
(BMI)-for-age z-score, BMI, weight-for-age
z-score, weight, length-for-age z-score,
length, fecal elastase-1 concentration, serum
immunoreactive trypsin and trypsinogen
(IRT) concentration, and fecal calprotectin
concentration, together with number of
pulmonary exacerbations and number of
CF-related hospitalizations through
Week 24. Further details are provided in the
online supplement.

Statistical Analysis
Analyses of PK parameters, safety, and
pharmacodynamic/efficacy-related endpoints
included all children who received at least
one dose of LUM/IVA. Approximately
10 children were planned for enrollment in
part A (considered sufficient to achieve the
PK objectives in part A) and 30 children in
part B (considered sufficient to achieve the
primary safety objective in part B). No
formal sample size calculations were
performed. Assuming a 10% dropout rate in
part B, 27 children would complete the
study. A total sample size of 27 children
would give a 75% chance of observing an AE
in at least one child if the true incidence rate
is 5% and a 94.2% chance of observing an AE
in at least one child if the true incidence rate
is 10%. Baseline was defined as the most
recent nonmissing measurement (scheduled
or unscheduled) collected before
administration of the first dose of LUM/IVA.
No adjustments for multiplicity were
performed and there was no hypothesis
testing. Data were analyzed using SAS
version 9.4 or higher (SAS Institute Inc.).

Results

Population
The trial was conducted at 23 sites in the
United States and Canada from September 7,

2018 to October 29, 2021. Fourteen children
were enrolled and received at least one dose
of LUM/IVA in part A (7 in cohort 1 and
7 in cohort 2) (see Figure E2). One child in
cohort 1 discontinued treatment because of
an AE of rash. Additional details on part A
enrollment and demographics and clinical
characteristics at baseline are provided in
Table E1. In part B, 46 children were enrolled
and received at least one dose of LUM/IVA;
45 children (97.8%) completed treatment
(Figure 1). One child discontinued treatment
because of AEs of increased alanine
aminotransferase and aspartate
aminotransferase concentrations. Part B
demographics and clinical characteristics at
baseline are provided in Table 1.

Safety and PK Data
Assessments of safety and tolerability for
part A are included in the online
supplement. In part B, safety and tolerability
were the primary endpoint. Overall, 44
children (95.7%) in part B had AEs, which
for most were mild (52.2%) or moderate
(39.1%) in severity and generally consistent
with manifestations of CF (Table 2). The
most common AEs (>15% of children) were
cough (34.8%), infective pulmonary
exacerbation of CF (21.7%), pyrexia (21.7%),
and vomiting (17.4%). Five children (10.9%)
had serious AEs (infective pulmonary
exacerbation of CF [n=3], post-procedural
fever [n=1], and distal intestinal obstruction
syndrome [n=1]), all of which were
considered by study investigators to be mild
or moderate in severity. The only serious AE
considered possibly related to study drug was
distal intestinal obstruction syndrome.

Elevated concentrations of alanine
aminotransferase and/or aspartate
aminotransferase that were.3 times the
upper limit of normal occurred in five
children (10.9%), two of whom had
elevations.5 times the upper limit of
normal and one of whom had an elevation
.8 times the upper limit of normal (see
Table E3). No children had total bilirubin
.2 times the upper limit of normal. Four
children (8.7%) had AEs of elevated
transaminases, most of which were mild or
moderate in severity. One child (2.2%) had
AEs of increased alanine aminotransferase
and aspartate aminotransferase
concentrations that were considered by
study investigators to be severe and related to
study drug and that led to treatment
discontinuation. One child (2.2%) had an AE
of dyspnea that occurred on Day 1, which
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was considered possibly related to study drug
and led to interruption of the Day 1 evening
dose. LUM/IVA treatment was resumed the
next day and the event did not recur. There
were no relevant safety findings in other
clinical or laboratory assessments.

Analysis of PK data from part A
confirmed the appropriateness of the dosing
regimen in part B. PK analysis incorporating
data from part B indicated that body weight

was the only covariate found to have a
clinically meaningful impact on LUM and
IVA disposition in patients>1 year of age;
no age-related effects were observed. For
part B, the plots of area under the curve
versus time for both LUM and IVA were
within the ranges of exposures previously
shown to be safe and efficacious in adults
(Figures 2A and 2B). The median area under
the curve for LUMwas close to the adult

median. The median exposure of IVA was
modestly higher than the median in adults
but was comparable to other pediatric age
groups (see Table E4).

Pharmacodynamic Results
Treatment with LUM/IVA led to a mean
absolute change from baseline in sweat
chloride concentration of229.1 mmol/L
(95% confidence interval [CI],234.80 to
223.40 mmol/L) at Week 24 (Table 3).
Reductions in sweat chloride were seen by
Week 4 and maintained over the 24-week
treatment period (Figure 3). In an
additional prespecified analysis, the absolute
change from baseline in sweat chloride
through Week 24 (defined as the average of
sweat chloride measurements at Weeks 4,
12, and 24) was 231.3 mmol/L (95% CI,
235.8 to 226.9 mmol/L), similar to the
observed change from baseline at Week 24
and indicating consistency in LUM/IVA
treatment effect across the study period. At
baseline, mean BMI-for-age z-score (0.86;
95% CI, 0.63 to 1.09), weight-for-length
z-score (0.79; 95% CI, 0.56 to 1.01), weight-
for-age z-score (0.46; 95% CI, 0.23 to 0.70),
and length-for-age z-score (20.25; 95% CI,
20.54 to 0.03) were all within normal
ranges (Table 3). Mean absolute change
from baseline at Week 24 in BMI-for-age
z-score was 0.04 (95% CI, 20.14 to 0.22),
in weight-for-length z-score was 0.04 (95%
CI, 20.13 to 0.22), in weight-for-age
z-score was 0.06 (95% CI, 20.05 to 0.17),
and in length-for-age z-score was 0.07 (95%
CI, 20.11 to 0.24) (Table 3). Markers of
pancreatic function and intestinal
inflammation showed trends toward
improvement with LUM/IVA treatment.
The mean absolute change from baseline at
Week 24 in fecal elastase-1 concentrations
was 73.1 μg/g (95% CI, 29.40 to 116.80 μg/g),
in serum IRTwas2295.50 μg/L (95% CI,
2416.60 to2174.50 μg/L), and in fecal
calprotectin was2106.63mg/kg (95% CI,
2180.60 to232.66mg/kg) (Table 3 and
Figures 4A–4C). At baseline, all children
had fecal elastase-1 values,200 μg/g,
indicative of exocrine pancreatic
insufficiency. AtWeek 24, 4 of 28 children
(14.3%) with both baseline andWeek 24
values had fecal elastase-1 concentrations
>200 μg/g (Figure 4D). AfterWeek 24,
fecal elastase-1, serum IRT, and fecal
calprotectin concentrations showed a rapid
reversal during the 2-week washout period
(Figures 4A–4C). ThroughWeek 24, nine
children (19.6%) experienced pulmonary

47 children enrolled

1 child not dosed

46 children received �1 dose of study drug

1 child discontinued due to an AE*

45 children (97.8%) completed study drug

Figure 1. Participant disposition diagram for part B. *This child had an AE of increased alanine
aminotransferase and aspartate aminotransferase concentrations that led to treatment
discontinuation. AE=adverse event.

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

Baseline Parameter LUM/IVA (n=46)†

Female sex, n (%) 24 (52.2)
Age at baseline, mo, mean (SD) 18.1 (3.50)
Race, n (%)‡

White 36 (78.3)
Black or African American 1 (2.2)
Asian 1 (2.2)
American Indian or Alaska Native 3 (6.5)
Native Hawaiian or other Pacific Islander 1 (2.2)
Other 1 (2.2)
Not collected per local regulations 7 (15.2)

Dosing group at enrollment, n (%)
LUM 75 mg/IVA 94 mg q12h 1 (2.2)
LUM 100 mg/IVA 125 mg q12h 44 (95.7)
LUM 150 mg/IVA 188 mg q12h 1 (2.2)

Weight, kg, mean (SD) 11.3 (1.30)
Weight-for-age z-score, mean (SD) 0.46 (0.79)
Length, cm, mean (SD) 81.1 (4.1)
Length-for-age z-score, mean (SD) 20.25 (0.97)
BMI kg/m2, mean (SD) 17.17 (1.22)
BMI-for-age z-score, mean (SD) 0.86 (0.77)
Weight-for-length-for-age z-score, mean (SD) 0.79 (0.77)
Sweat chloride concentration, mmol/L, mean (SD) 104.2 (7.70)

Definition of abbreviations: BMI=body mass index; IVA= ivacaftor; LUM= lumacaftor;
q12h=every 12 hours.
*Baseline was defined as the most recent nonmissing measurement before administration of
the first dose of study drug.
†All patients in the safety set received at least one dose of study drug in part B.
‡The race categories may sum to .100% because each patient was able to indicate more
than one race.
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exacerbations; themean rate of pulmonary
exacerbations among all participants in
part B was 0.6 (SD=1.5) per patient-year
(seeTable E5). ThroughWeek 24, three
children (6.5%) had CF-related
hospitalizations; the mean rate of CF-related
hospitalizations was 0.2 (SD=0.7) per
patient-year (see Table E6). There were no
notable changes in respiratorymicrobiology
observed between baseline andWeek 24.

Discussion

Here, we report results from a phase 3, open-
label trial of LUM/IVA in children aged 1 to
,2 years with CF homozygous for F508del,
the youngest patient population to be treated
with LUM/IVA to date. Treatment with
LUM/IVAwas generally safe and well
tolerated, with most AEs mild or moderate in
severity. Overall, the safety profile was
consistent with the established profile of
LUM/IVA in older children, adolescents, and
adults. Analysis of PK data showed that the
exposure of LUM/IVA in these children was
comparable to that in adult patients. LUM/
IVA treatment resulted in robust and
clinically meaningful decreases in sweat
chloride concentration and improvements in
biochemical measures of exocrine pancreatic
function and intestinal inflammation.
Growth parameters, which were on average

Table 2. Adverse Events in Part B

LUM/IVA (n=46)

Any AE 44 (95.7)
AE by maximum relatedness*
Not related 15 (32.6)
Unlikely related 13 (28.3)
Possibly related 14 (30.4)
Related 2 (4.3)

AE by maximum severity
Mild 24 (52.2)
Moderate 18 (39.1)
Severe 2 (4.3)

Serious AE† 5 (10.9)
AE leading to death 0
AE leading to discontinuation 1 (2.2)
AE leading to interruption 2 (4.3)
Most common AEs‡

Cough 16 (34.8)
Infective pulmonary exacerbation of CF 10 (21.7)
Pyrexia 10 (21.7)
Vomiting 8 (17.4)
Upper respiratory tract infection 6 (13.0)
Constipation 5 (10.9)
Ear infection 5 (10.9)
Positive Pseudomonas test result 5 (10.9)
Rhinorrhea 5 (10.9)
Viral upper respiratory tract infection 5 (10.9)

Definition of abbreviations: AE=adverse event; CF=cystic fibrosis; IVA= ivacaftor;
LUM= lumacaftor.
Data are expressed as n (%). All events in the table are treatment-emergent AEs.
*Relatedness to the trial regimen is as determined by the investigator observing the event.
†Serious AEs were infective pulmonary exacerbation of CF (n=3), post-procedural fever
(n=1), and distal intestinal obstruction syndrome (n=1).
‡Only AEs that occurred in >10% of the patients are presented; the table is according to the
Medical Dictionary of Regulatory Activities Version 24.1 and preferred term.
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Figure 2. Predicted areas under the curve (AUCs) for LUM (A) and IVA (B) at steady state for children in part B. In each boxplot, the median is
represented by the horizontal line and the box represents the interquartile range. The whiskers represent the largest and smallest values within
1.5 times the interquartile range. Gray bars represent the adult dose exposure, with the upper line of the gray box indicating the 95th percentile
of adult AUC values and the lower line of the gray box indicating the 5th percentile. The horizontal dotted lines represent the adult median AUC.
Blue dots represent AUC values from individual patients. IVA= ivacaftor; L75/I94= lumacaftor 75 mg/ivacaftor 94 mg; L100/I125= lumacaftor 100
mg/ivacaftor 125 mg; L150/I188= lumacaftor 150 mg/ivacaftor 188 mg; LUM= lumacaftor.
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normal at baseline, remained normal over
the 24-week treatment period.

Children in this study had AEs that
were generally consistent with
manifestations of CF observed in this age
group. The incidence of transaminase
elevations in this population was
consistent with the incidence observed in
older children and adults (16, 19, 20). One
child discontinued LUM/IVA because of
AEs of increased alanine aminotransferase
and aspartate aminotransferase
concentrations. Respiratory AEs were
uncommon (2.2%), with a lower incidence
than that reported in children aged 2–5
years (10%), children aged 6–11 years
(18%), and adolescents and adults aged
.12 years (26%) (16, 19, 20).

Analysis of PK data across age groups
showed that the ranges of LUM and IVA
exposure in children 1 to,2 years of
age were consistent with exposure
concentrations previously shown to be safe
and efficacious in adults with CF taking
LUM/IVA. Although themedian IVA
exposure was higher than in adults, it was
comparable to other pediatric groups and
was lower than IVA exposure in children 1 to
,2 years of age receiving IVAmonotherapy.
It is acknowledged that part B included only
one child in the 7 to,9 kg weight group and
one child in the>14 kg weight group.
However, exposures for these weight groups
were further supported by two children in
part A weighing 7 to,9 kg as well as in a
prior study conducted in children 2–5 years

of age weighing>14 kg (20), noting that no
age-related effects affected the PK
parameters. Taken together, these results
confirm the appropriateness of the weight-
based dose selection used in this study.

Sweat chloride concentration is a clinical
indicator of CFTR function that is directly
related to CF disease severity (23, 24).
Children in this study had amean reduction
in sweat chloride concentration of
29.1mmol/L, from amean baseline value
of 104.2mmol/L to amean value of
73.1mmol/L atWeek 24. This decrease in
sweat chloride concentration with LUM/IVA
treatment is consistent with the decrease
reported in children aged 2–5 years
(31.7 mmol/L) and is larger than the
decreases reported in placebo-controlled and
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Figure 3. Mean absolute change from baseline in sweat chloride concentration by study visit in part B. Mean absolute changes from baseline
are presented with 95% CIs, with numbers of children assessed at each study visit indicated on the x-axis. After the 2-week washout period
(Weeks 24–26), mean sweat chloride concentrations returned to baseline at safety follow-up visits. CI =confidence interval.

Table 3. Secondary and Other Pharmacodynamic Endpoints from Part B

Baseline,* Mean (SD)
Mean Absolute Change at Week 24

(SD; 95% CI)

Secondary endpoint
Sweat chloride concentration, mmol/L 104.20 (7.70); n=35 229.10 (13.50; 234.80 to 223.40); n=24

Other endpoints
Weight, kg 11.30 (1.3); n=46 1.30 (0.60; 1.10 to 1.50); n=38
Length, cm 81.10 (4.1); n=46 5.10 (1.70; 4.50 to 5.70); n=38
BMI, kg/m2 17.17 (1.22); n=46 20.20 (0.84; 20.47 to 0.08); n=38
Weight-for-age z-score 0.46 (0.79); n=46 0.06 (0.33; 20.05 to 0.17); n=38
Weight-for-length z-score 0.79 (0.77); n=46 0.04 (0.53; 20.13 to 0.22); n=38
BMI-for-age z-score 0.86 (0.77); n=46 0.04 (0.55; 20.14 to 0.22); n=38
Length-for-age z-score 20.25 (0.97); n=46 0.07 (0.52; 20.11 to 0.24); n=38
Fecal elastase-1 concentration, μg/g

(normal range >200 μg/g)
9.70 (8.10); n=45 73.1 (112.60; 29.40 to 116.80); n=28

Serum IRT concentration, μg/L
(normal range 115–350 μg/L)

647.50 (452.60); n=42 2295.50 (329.90; 2416.60 to 2174.50); n=31

Fecal calprotectin concentration, mg/kg
(normal range 0–162.9 mg/kg)

226.06 (279.26); n=45 2106.63 (186.98; 2180.60 to 232.66); n=27

Definition of abbreviations: BMI=body mass index; CI =confidence interval; IRT= immunoreactive trypsinogen.
*Baseline was defined as the most recent nonmissing measurement before administration of the first dose of study drug.
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open-label studies in children aged 6–11
years (21.7 and 24.8mmol/L, respectively)
(18–20). The reduction in sweat chloride
concentration occurred byWeek 4, was
sustained throughWeek 24, and was reversed
after a 2-week washout period without LUM/
IVA treatment. These results show that
treatment with LUM/IVA improves CFTR
function in people with CF and the F/F
genotype as young as 1 year of age.

Poor growth has been associated with
CF disease progression in children; however,
studies have shown that early intervention
aimed at improving or maintaining normal
growth can positively affect later pulmonary
function (25, 26). In a previous clinical trial
in children aged 2–5 years with CF, normal
growth was maintained during a 24-week
LUM/IVA treatment period (20). In the
present study, children on average had
normal BMI, weight, and length z-scores at
baseline. After 24 weeks of LUM/IVA
treatment, no z-scores were found to increase
or decrease, a result that is consistent with
the result seen in older children and that
suggests that normal growth was maintained
during the treatment period.

The impaired growth associated with
CF is explained in part by early
development of exocrine pancreatic
insufficiency in infants and children, with
subsequent macronutrient malabsorption
and continued poor growth (26). Most
children who have the F/F genotype are
pancreatic insufficient at diagnosis (27).
In the present study, all children had
abnormal exocrine pancreatic function at
baseline, as indicated by low mean fecal
elastase-1. Improvements in fecal elastase-1
concentrations were seen across 24 weeks of
LUM/IVA treatment, with a mean absolute
increase of 73.1 μg/g. Notably, four children
(14.3%) who were pancreatic insufficient at
baseline had fecal elastase-1 concentrations
in the normal range (>200 μg/g) at
Week 24. This increase in fecal elastase-1
concentration at Week 24 is larger than the
increase reported in children aged 2–5 years
after receiving 24 weeks of LUM/IVA
treatment (52.6 μg/g) (20), suggesting that
earlier intervention could lead to improved
pancreatic function. This hypothesis of
improved pancreatic outcomes with early
CFTR modulator intervention is further
supported by studies that looked at

increases in fecal elastase-1 concentration
with IVA treatment in infants aged
4 months to ,1 year (166 μg/g) and in
children aged 1 to ,2 years (164.7 μg/g)
and 2–5 years (99.8 μg/g) (21, 22, 28).
Improvements were also seen in serum IRT
concentrations in the present study, with a
mean absolute decrease in serum IRT
concentration of 295.5 μg/L at Week 24.
Lipase and amylase concentrations were
collected as part of safety assessments and
are indicators of pancreatic inflammation
and injury. Lipase concentrations, which
were elevated at baseline, showed a mean
absolute change from baseline at Week 24
of 226.77 (SD=53.92) U/L. Total amylase
and pancreatic amylase concentrations were
generally stable during the 24 weeks of
LUM/IVA treatment (mean absolute
change from baseline 24.6 [SD=27.5] U/L
and 22.1 [SD=5.3] U/L at Week 24,
respectively). Markers of intestinal
inflammation, such as fecal calprotectin,
also improved during the 24 weeks of
LUM/IVA treatment. These results suggest
that LUM/IVA treatment can improve
pancreatic function in children with CF as
young as 1 year of age who may already
have substantial pancreatic damage.

In the present study, children aged 1 to
,2 years treated with LUM/IVA had a rate
of pulmonary exacerbations of 0.6 per
patient-year and a rate of CF-related
hospitalizations of 0.2 per patient-year. These
results are consistent with, or lower than,
previous observations in children aged
2–5 years treated with LUM/IVA, who had
rates of pulmonary exacerbations of 0.9 per
patient-year and CF-related hospitalizations
of 0.2 per patient-year (20).

A limitation of this study is the lack
of a direct comparator group, together with
the small sample size, which limits the
interpretation of safety and efficacy data.
It is important to note, however, that the
safety profile of LUM/IVA in the present
trial is generally consistent with the safety
profile reported in other randomized
controlled trials of LUM/IVA treatment in
adolescents and adults (29). In addition,
the PK exposure of LUM/IVA in these
children was consistent with patients aged
>12 years, suggesting that efficacy in this
population may be extrapolated from
placebo-controlled studies in patients

with CF >12 years old that showed
improvements in lung function and CFTR
function and decreases in pulmonary
exacerbations. Consistent with this,
children in the present study had
improvements in sweat chloride
concentration together with improving
trends in markers of pancreatic function
and intestinal inflammation (fecal elastase-
1, serum IRT, and fecal calprotectin), both
of which showed rapid reversals during the
2-week washout period after the LUM/IVA
treatment period, returning to baseline or
near baseline concentrations. Finally, it
should be noted that parts of the present
study occurred during the SARS-CoV-2
pandemic, when the enforcement of mask
wearing and social distancing and
restrictions on social interactions might
have resulted in decreases in the rate of
pulmonary exacerbations in children with
CF (30).

Conclusions
LUM/IVA treatment was generally safe and
well tolerated in children aged 1 to,2 years
with the F/F genotype, with a PK profile
consistent with that of children aged
>2 years. Robust decreases in sweat chloride
concentration together with improving
trends in biomarkers of pancreatic function
and z-scores suggestive of normal growth
being maintained were seen during the
treatment period. These results support the
use of LUM/IVA in this pediatric population
and suggest the potential for LUM/IVA to
modify CF disease progression in children as
young as 1 year of age.�
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