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VX20-121-103): results from two randomised,
active-controlled, phase 3 trials
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Summary

Background The goal of cystic fibrosis transmembrane conductance regulator (CFTR) modulators is to reach normal
CFTR function in people with cystic fibrosis. Vanzacaftor-tezacaftor—deutivacaftor restored CFIR function in vitro
and in phase 2 trials in participants aged 18 years and older resulting in improvements in CFTR function, as measured
by sweat chloride concentrations and lung function as measured by spirometry. We aimed to evaluate the efficacy and
safety of vanzacaftor-tezacaftor—deutivacaftor compared with standard of care elexacaftor-tezacaftor-ivacaftor in
individuals with cystic fibrosis aged 12 years and older.

Methods In two randomised, active-controlled, double-blind, phase 3 trials, individuals aged 12 years and older with
stable cystic fibrosis with F508del-minimal function (SKYLINE Trial VX20-121-102) or with F508del-F508del,
F508del-residual function, F508del-gating, or elexacaftor—tezacaftor-ivacaftor-responsive-non-F508del genotypes
(SKYLINE Trial VX20-121-103) were enrolled at 126 and 159 international sites, respectively. Eligible individuals were
entered into a 4-week run-in period, during which they received elexacaftor (200 mg once daily), tezacaftor (100 mg
once daily), and ivacaftor (150 mg once every 12 h) as two fixed-dose combination tablets in the morning and
one ivacaftor tablet in the evening. They were then randomly assigned (1:1) to either elexacaftor (200 mg once daily),
tezacaftor (100 mg once daily), and ivacaftor (150 mg once every 12 h) as two fixed-dose combination tablets in the
morning and one ivacaftor tablet in the evening, or vanzacaftor (20 mg once daily), tezacaftor (100 mg once daily), and
deutivacaftor (250 mg once daily) as two fixed-dose combination tablets in the morning, for the 52-week treatment
period. All participants received matching placebo tablets to maintain the treatment blinding. Randomisation was
done using an interactive web-response system and stratified by age, FEV, % predicted, sweat chloride concentration,
and previous CFTR modulator use, and also by genotype for Trial VX20-121-103. The primary endpoint for both trials
was absolute change in FEV, % predicted from baseline (most recent value before treatment on day 1) through
week 24 (with non-inferiority of vanzacaftor-tezacaftor—deutivacaftor shown if the lower bound of the 95% CI for the
primary endpoint was —3-0 or higher). Efficacy was assessed in all participants with the intended CFTR genotype
who were randomly assigned to treatment and received at least one dose of study treatment during the treatment
period. Safety was assessed in all participants who received at least one dose of study drug during the treatment
period. These trials are registered with ClinicalTrials.gov, NCT05033080 (Trial VX20-121-102) and NCT05076149 (Trial
VX20-121-103), and are now complete.

Findings In Trial VX20-121-102 between Sept 14, 2021, and Oct 18, 2022, 488 individuals were screened, of whom
435 entered the 4-week run-in period, and subsequently 398 were randomly assigned and received at least one dose of
elexacaftor—tezacaftor-ivacaftor (n=202) or vanzacaftor—tezacaftor—deutivacaftor (n=196). Median age was 31-0 years
(IQR 22-6-38-5), 163 (41%) of 398 participants were female, 235 (59%) were male, and 388 (97%) were White. In
Trial VX20-121-103, between Oct 27, 2021, and Oct 26, 2022, 699 individuals were screened, of whom 597 entered the
4-week run-in period, and subsequently 573 participants were randomly assigned and received at least one dose of
elexacaftor—tezacaftor-ivacaftor (n=289) or vanzacaftor—tezacaftor-deutivacaftor (n=284). Median age was 33-1 years
(IQR 24-5-42-2), 280 (49%) of 573 participants were female, 293 (51%) were male, and 532 (93%) were White. The
absolute change in least squares mean FEV, % predicted from baseline through week 24 for Trial VX20-121-102 was
0-5 (SE 0-3) percentage points in the vanzacaftor—tezacaftor-deutivacaftor group versus 0-3 (0-3) percentage points
in the elexacaftor-tezacaftor-ivacaftor group (least squares mean treatment difference of 0-2 percentage points
[95% CI -0-7 to 1-1]; p<0-0001), and for Trial VX20-121-103, was 0-2 (SE 0-3) percentage points in the vanzacaftor—
tezacaftor—deutivacaftor group versus 0-0 (0-2) percentage points in the elexacaftor-tezacaftor—ivacaftor group (least
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squares mean treatment difference 0-2 percentage points [95% CI—0-5 to 0-9]; p<0-0001). Most adverse events were
mild or moderate, with the most common being infective pulmonary exacerbation (133 [28%)] of 480 participants in
the pooled vanzacaftor—tezacaftor-deutivacaftor group vs 158 [32%)] of 491 in the pooled elexacaftor-tezacaftor—
ivacaftor group), cough (108 [23%)] vs 101 [21%]), COVID-19 (107 [22%] vs 127 [26%]), and nasopharyngitis (102 [21%]

vs 95 [19%)]).

Interpretation Vanzacaftor-tezacaftor—-deutivacaftor is non-inferior to elexacaftor-tezacaftor—ivacaftor in terms of
FEV, % predicted, and is safe and well tolerated. Once daily dosing with vanzacaftor—tezacaftor—deutivacaftor reduces
treatment burden, potentially improving adherence, compared with the twice daily regimen of the current standard of
care. The restoration of CFTR function and the potential variants treated are also considerations that should be

compared with currently available CFTR modulators.

Funding Vertex Pharmaceuticals.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

Cystic fibrosis is a multi-organ disease caused by
dysfunction of the cystic fibrosis transmembrane
conductance regulator (CFTR) protein. CFTR modulators
target the underlying cause of cystic fibrosis and improve
CFTR function with the goal of reaching normal levels of
CFTR function in people with cystic fibrosis, potentially
preventing disease progression.'Elexacaftor-tezacaftor—

Research in context

Evidence before this study

We searched PubMed for articles published in English from
database inception to Oct 10, 2024, using the terms “CFTR
modulator”, “clinical trial”, “vanzacaftor”, and "elexacaftor”.
Previous research efforts in CFTR modulator therapeutics led to
development of elexacaftor-tezacaftor-ivacaftor (the current
standard of care for people with cystic fibrosis who are eligible,
tolerate the drug, and have access), which has provided
remarkable improvement in lung function and other clinical
outcomes for many people with cystic fibrosis, alongside
delivering substantial reductions in sweat chloride—a sensitive
in-vivo test of CFTR function. However, potential exists for
further improvement of CFTR function, addressing the underlying
cause of cystic fibrosis. Phase 2 trials of vanzacaftor-tezacaftor-
deutivacaftor found this triple combination therapy to be
generally safe and well tolerated and showed a greater reduction
in sweat chloride concentrations and improvement in lung
function relative to baseline when compared with tezacaftor-
ivacaftor in participants with an F508del-F508del homozygous
genotype

Added value of this study

We report results from two large phase 3 clinical trials designed
to assess the novel, once-daily triple combination modulator
vanzacaftor-tezacaftor-deutivacaftor versus elexacaftor-
tezacaftor-ivacaftor in individuals aged 12 years and older with
cystic fibrosis and a broad range of genotypes over 52 weeks.
After establishing a stable baseline on elexacaftor-tezacaftor-
ivacaftor, treatment with vanzacaftor-tezacaftor-deutivacaftor
showed non-inferiority with regards to change in lung function
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ivacaftor, the standard of care for eligible people with
cystic fibrosis, provides clinically significant improvement
in CFTR function (measured by concentrations of sweat
chloride) leading to transformative benefits in people with
cystic fibrosis with responsive CFTR variants (as identified
through clinical and in-itro data), including
improvements in lung function, longer life expectancy,
and reduction in lung transplant rates.”*

as measured by FEV, % predicted and resulted in greater
improvement in sweat chloride concentrations versus
participants treated with elexacaftor-tezacaftor-ivacaftor as an
active control.

Implications of all the available evidence

These studies show that once-daily vanzacaftor-tezacaftor-
deutivacaftor is safe and as efficacious as elexacaftor-
tezacaftor-ivacaftor in individuals aged 12 years and older with
cystic fibrosis with regards to lung function (as measured by
spirometry), pulmonary exacerbations, and other clinical
outcomes. Vanzacaftor-tezacaftor-deutivacaftor provided
significant improvements in sweat chloride concentrations
compared with elexacaftor-tezacaftor-ivacaftor. These

two trials in adolescents and adults, along with the paediatric
study in children with cystic fibrosis aged 6-11 years
(RIDGELINE Trial VX21-121-105), comprise the most
comprehensive pivotal programme conducted in cystic fibrosis,
with more than 1000 participants. These results demonstrate
the potential for vanzacaftor-tezacaftor-deutivacaftor to
further improve the lives of people with cystic fibrosis by
limiting disease manifestation in those who are younger and
preventing progression of disease in adults. Vanzacaftor-
tezacaftor-deutivacaftor may have the potential to further
restore CFTR function in a broader population compared with
elexacaftor-tezacaftor-ivacaftor; however, these in-vitro
findings will need to be confirmed in real-world studies to
establish benefits in people with cystic fibrosis with these
variants.
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See Online for appendix

In cystic fibrosis trials, clinical response is primarily
assessed through lung function (FEV, % predicted).
Consistent with this standard, FEV, % predicted continues
to be the primary endpoint used by regulators to assess
CTFR modulator therapies and remains of clinical
interest for health-care providers and people with cystic
fibrosis. Additionally, it is well established that CFTR
dysfunction leads to higher concentrations of chloride in
secreted sweat. Given that the sweat gland does not
undergo damage from cystic fibrosis as is seen for other
organ tissues, measurement of the concentration of
chloride in sweat provides a stable measurement
of underlying CFTR function.®” As such, sweat chloride is
a sensitive and direct measure of CFTR function that
is used in the diagnosis of cystic fibrosis and as
a key secondary endpoint in clinical trials of CFTR
modulators.** A natural history study showed better
survival and nutritional status, and slower rate of decline
in lung function in people with cystic fibrosis with
better CFTR function (sweat chloride concentration
<60 mmol/L; below the diagnostic threshold of cystic
fibrosis) than in those with worse CFTR function (sweat
chloride concentration =60 mmol/L).”" Sweat chloride
concentrations less than 30 mmol/L indicate normal
CFTR function and are seen in carriers of CFTR variants
who do not have signs or symptoms of cystic fibrosis
disease and have a lifespan similar to the general
population.™” Population-level improvements in sweat
chloride concentrations are correlated with improvements
in FEV, % predicted across multiple interventional and
observational studies.*” A retrospective analysis of data
across multiple CFTR modulator trials found that greater
decreases in sweat chloride concentrations after treat-
ment with a CTFR modulator were associated with
improved clinical outcomes (unpublished).” These
outcomes included improved FEV, % predicted, Cystic
Fibrosis Questionnaire-Revised (CFQ-R; a validated
cystic fibrosis-specific quality-of-life measure) respiratory
domain score, BMI, annual rate of change in FEV, %
predicted, and a lower annual rate of pulmonary
exacerbations in participants who had sweat chloride
concentrations below 60 mmol/L or below 30 mmol/L
than those with concentrations of 60 mmol/L or higher.

Although  elexacaftor-tezacaftor—ivacaftor ~ provided
clinically significant improvements in FEV, % predicted
and sweat chloride in clinical trials, a substantial subset of
participants treated with elexacaftor—tezacaftor-ivacaftor
did not reach normal sweat chloride concentrations and
might therefore derive additional clinical benefit from
more efficacious modulator therapies.*® Furthermore, an
important requirement for eligibility for CFTR modulator
therapy includes the presence of a CFTR genotype that has
been shown to be responsive on the basis of clinical
or in-wvitro data. Some people with cystic fibrosis
have genotypes that are not currently approved for
CFTR modulator treatment, including with elexacaftor—
tezacaftor—ivacaftor. Because assessment of every rare

CFTR variant is not possible in clinical trials, in-vitro cell-
based assays have been used to positively predict clinical
response and support inclusion of additional variants in
approved indications for CFTR modulators. Finally, there
are people with cystic fibrosis who have discontinued
elexacaftor-tezacaftor—ivacaftor due to a variety of reasons
and have an unmet need for another CFTR modulator
treatment option. Vanzacaftor-tezacaftor-deutivacaftor
is a novel, once-daily CFTR modulator regimen that
improved CFTR function compared with tezacaftor—
ivacaftor in vitro and in vivo in phase 2 trials,” supporting
evaluation of efficacy and safety in phase 3 trials. The
comprehensive clinical development programme of
vanzacaftor—tezacaftor-deutivacaftor includes two ran-
domised phase 3 trials in adolescents and adults (ie, aged
=12 years) and one single-arm phase 3 trial in children
(results from children aged 6-11 years reported
simultaneously).” Here we present data from the
two randomised, active-controlled, phase 3 trials that
evaluated the efficacy and safety of vanzacaftor—tezacaftor—
deutivacaftor compared with elexacaftor—tezacaftor—
ivacaftor in participants with cystic fibrosis aged 12 years
and older.

Methods

Study design and participants

SKYLINE Trial VX20-121-102 and Trial VX20-121-103
were both multicentre, randomised, active-controlled,
phase 3 trials, with Trial VX20-121-102 being conducted
at 126 sites in Australia, Czech Republic, Germany,
Hungary, Ireland, Israel, New Zealand, Portugal, Spain,
Sweden, the UK, and the USA and Trial VX20-121-103
being conducted at 159 sites in Australia, Austria,
Belgium, Canada, Denmark, France, Germany, Greece,
Hungary, Ireland, Israel, Italy, Netherlands, New Zealand,
Norway, Poland, Sweden, Switzerland, the UK, and
the USA (appendix pp 32-38).

Trial VX20-121-102 enrolled individuals with cystic
fibrosis with F508del-minimal function genotypes
and Trial VX20-121-103 enrolled individuals with
cystic fibrosis with F508del-F508del, F508del-residual
function, F508del-gating, or elexacaftor-tezacaftor—
ivacaftor-responsive-non-F508del genotypes. Individuals
who had previously been unable to tolerate elexacaftor—
tezacaftor—ivacaftor were excluded from the trials.
Eligible participants were aged 12 years and older with
a confirmed diagnosis of cystic fibrosis with eligible
genotypes and stable cystic fibrosis, as judged by the
investigators. FEV, % predicted at screening had to be
40-80% for those who had not previously received
elexacaftor—tezacaftor-ivacaftor, or 40-90% for those
who were receiving elexacaftor-tezacaftor—ivacaftor. All
participants and their parents or legal guardian or
caregivers, as applicable, agreed for the participant to
continue their usual cystic fibrosis symptomatic
medication regimens throughout the trial period (details
of individual medication regimens were not collected
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after baseline). Complete eligibility criteria for each trial
are in the appendix (pp 11-15). Data on sex were self-
reported by the participant (or their parents or legal
guardian or caregiver). Data on ethnicity and race were
collected on the basis of the participant’s (or their parents
or legal guardian or caregiver’s, as applicable) self-
identification when allowable by local regulations.

An independent review board or ethics committee for
each site approved the trial protocol and informed consent
forms (central independent review board: Advarra
Incorporated; approval numbers were PRO00054586
for Trial VX20-121-102 and Pro00054721 for Trial
VX20-121-103; additional information is provided in the
appendix pp 39-40). All enrolled participants, or their
legal guardians, provided written informed consent
(and signed assent). These trials are registered with
ClinicalTrials.gov, NCT05033080 (Trial VX20-121-102) and
NCT05076149 (Trial VX20-121-103), and are complete;
trial protocols are available online

Randomisation and masking

To establish a reliable on-treatment baseline, all
participants received elexacaftor-tezacaftor-ivacaftor
during a 4-week run-in period. Participants were then
randomly assigned (1:1) to vanzacaftor—tezacaftor—
deutivacaftor or elexacaftor—tezacaftor—ivacaftor for the
52-week treatment period, after which participants
had the opportunity to participate in an open-label
extension study in which all participants received open-
label vanzacaftor-tezacaftor-deutivacaftor, regardless
of randomly assigned treatment in Trials VX20-121-102
and VX20-121-103.

For both trials, the same third-party vendor (Cytel,
Cambridge, MA, USA) generated random code lists and
participants were randomly assigned by means of an
interactive web-response system. Randomisation was
stratified on the basis of age (at screening: <18 years vs
=18 years), FEV, % predicted (on day —14: <70 percentage
points vs =70 percentage points), sweat chloride
concentration (on day —14: <30 mmol/L vs =30 mmol/L),
previous CFTR modulator use (yes vs no), and, additionally
for Trial VX20-121-103, by genotype group (F508del-F508del
vs F508del-residual function vs F508del-gating vs
elexacaftor—tezacaftor—ivacaftor-responsive-non- F508del
genotypes). All participants, site personnel, and the
sponsor’s study team were masked to treatment group
assignment, and matching placebo tablets in size and
appearance were given to maintain masking.

Procedures

In the 4-week run-in period, all participants received
elexacaftor 200 mg once daily, tezacaftor 100 mg once
daily, and ivacaftor 150 mg once every 12 h as two fixed-
dose combination tablets in the morning and
one ivacaftor tablet in the evening (manufactured by
Vertex Pharmaceuticals, Boston, MA, USA, and Patheon
Pharmaceuticals, Cincinnati, OH, USA).
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Starting on day 1 of the trial treatment period, participants
received either elexacaftor 200 mg once daily, tezacaftor
100 mg once daily, and ivacaftor 150 mg once every 12 h as
two fixed-dose combination tablets in the morning and
one ivacaftor tablet in the evening (manufactured by Vertex
Pharmaceuticals, Boston, MA, USA, and Patheon
Pharmaceuticals, Cincinnati, OH, USA); or vanzacaftor
20 mg once daily, tezacaftor 100 mg once daily, and
deutivacaftor 250 mg once daily as two fixed-dose
combination tablets in the morning (manufactured by
Patheon Pharmaceuticals, Cincinnati, OH, USA). All
participants received matching placebo tablets to maintain
treatment blinding (manufactured by Patheon Phar-
maceuticals, Cincinnati, OH, USA, and Patheon
Pharmaceuticals, Whitby, ON, Canada). Participants were
treated for 52 weeks. Additional details for the trial designs,
including stopping rules, discontinuation and interruption
criteria, and the schedule and procedures for endpoint and
safety measurements are in the appendix (pp 15-19).

The Fischer rat thyroid (FRT) system is a clinically
validated in-vitro assay that measures CFTR-mediated
chloride transport to assess responsiveness of CFTR
variants to CFTR modulators. The FRT system is a stable
expression system integrating mutated CFTR cDNA as
a single copy into the same genomic location using the
Invitrogen Flp-In system (Thermo Fisher Scientific,
Waltham, MA, USA). Ussing chamber studies of cells
stably expressing a CFTR variant were used to measure
responsiveness of 128 variants to vanzacaftor—-tezacaftor—
deutivacaftor. Additional details and results are in the
appendix (pp 10, 27).

Outcomes

The primary endpoint for both trials was absolute change
in FEV, % predicted from elexacaftor—tezacaftor—ivacaftor
baseline (defined as the most recent non-missing
measurement before the first dose of study drug on day
1) through week 24 (estimated by averaging week 16 and
week 24). Key secondary endpoints for both trials were
tested for superiority in the following hierarchical testing
order: absolute change from baseline through week 24 in
sweat chloride concentration, proportion of participants
with sweat chloride concentration below 60 mmol/L
(pooled from both trials), and proportion of participants
with sweat chloride concentration below 30 mmol/L
(pooled from both trials) through week 24. For endpoints
evaluating sweat chloride concentration, baseline was
defined as the average of the two most recent pre-dose
non-missing values on or after day -14, including
unscheduled visits.

Other secondary endpoints (not included in the
multiplicity-controlled testing hierarchy) for both
trials were absolute change from baseline through
week 24 in CFQ-R respiratory domain score, number of
protocol-defined pulmonary exacerbations through
week 52 (defined in the appendix [pp 22-23]), proportion
of participants with sweat chloride concentration below

For the protocol for

Trial VX20-121-102 see https://

cdn.clinicaltrials.gov/large-
docs/80/NCT05033080/
Prot_000.pdf

For the protocol for

Trial VX20-121-103 see https://

cdn.clinicaltrials.gov/large-
docs/49/NCT05076149/
Prot_000.pdf
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60 mmol/L (within each trial) and below 30 mmol/L
(within each trial) through week 24, and absolute change
from baseline through week 52 in FEV, % predicted and
sweat chloride concentration, and safety and tolerability
on the basis of adverse events, clinical laboratory values,
ECGs, vital signs, and pulse oximetry.

Statistical analysis

Efficacy was assessed in all participants with the intended
CFTR genotype who were randomly assigned to
treatment and received at least one dose of study drug
during the treatment period (full analysis set). Estimand
was defined for the primary and key secondary endpoints
(appendix pp 20-21).

The primary endpoint was absolute change from
baseline in FEV, % predicted through week 24. The non-
inferiority margin was selected on the basis of precedent
in previous cystic fibrosis studies™" and is supported by a
statistical approach using the Rothmann method. The
Rothmann method recommends that the non-inferiority
margin preserve at least 50% of the treatment effect of
the active control (elexacaftor-tezacaftor—ivacaftor)
compared with placebo, where the treatment effect is
estimated by the lower bound of the 95% CI. The primary
analysis of the primary estimand was performed using a
mixed-effects model for repeated measures (MMRM)
with change from baseline at day 15 and weeks 4, 8, 16,
and 24 as the dependent variable. The model included
fixed categorical effects for treatment, visit, age at
screening (<18 years vs =18 years), and additionally
genotype group for Trial VX20-121-103 (F508del-F508del,
F508del-gating, F508del-residual function,andelexacaftor—
tezacaftor—ivacaftor-responsive-non-F508del), and treat-
ment-by-visit interaction, with baseline FEV, % predicted
and baseline sweat chloride as continuous covariates.
The model was estimated using restricted maximum
likelihood. Denominator degrees of freedom for
the F-test for fixed effects were estimated using
the Kenward-Roger approximation.”” An unstructured
covariance structure was used to model the within-
subject errors. Missing data were assumed to be missing
at random.

The estimated within-group least squares mean change
from baseline and the least squares mean difference
(vanzacaftor—tezacaftor-deutivacaftor  vs  elexacaftor—
tezacaftor—ivacaftor) at each post-baseline visit were
provided along with the corresponding two-sided 95% CI.
The estimated within-group mean change and its SE at
each post-baseline visit were plotted by treatment group.
The primary result obtained from the model was
the estimated treatment difference through week 24
(estimated by averaging least squares means at weeks 16
and 24 and taking the difference of vanzacaftor—
tezacaftor-deutivacaftor compared with elexacaftor—
tezacaftor—ivacaftor). The estimated treatment difference
with a two-sided 95% CI and the one-sided p value for
non-inferiority was provided. The primary null hypothesis

was rejected, and non-inferiority demonstrated, if the
lower bound of the 95% CI was —3 - 0 percentage points or
greater.

Subgroup analyses of the primary endpoint were
performed for age at screening, FEV, % predicted at
baseline, sex, sweat chloride at baseline, and geographical
region using similar MMRM as described earlier.
Additionally, a post-hoc subgroup analysis by genotype
for Trial VX20-121-103 was done.

The analysis for the first key secondary efficacy
endpoint was based on an MMRM similar to the primary
analysis of the primary estimand, with absolute change
from baseline in sweat chloride concentration at day 15,
weeks 4, 16, and 24 as the dependent variable. Results
from the MMRM were presented similarly to the results
of the primary endpoint with the exception that two-sided
p values were presented.

The response corresponding to sweat chloride
concentration below 60 mmol/L (second key secondary
endpoint) or below 30 mmol/L (third key secondary
endpoint) at each visit through week 24 was analysed
using a generalised estimating equations model. The
model included fixed categorical effects for treat-
ment, age at screening (<18 years vs =18 years),
genotype group (F508del-minimal function, F508del-
F508del, F508del-gating, F508del-residual function, and
elexacaftor—-tezacaftor—ivacaftor-responsive-non-
F508del), visit, and treatment-by-visit interaction, with
baseline FEV, % predicted and baseline sweat chloride
concentrations as continuous covariates. A logit link
function and an unstructured working correlation
matrix were used in the generalised estimating equations
model. The estimated odds ratio (ORs) through week 24
(estimated by averaging weeks 16 and 24) along with the
two-sided 95% CI and two-sided p value were presented.
The estimates for each visit through week 24 were also
presented. The number and proportion of participants
with sweat chloride concentration below 60 mmol/L or
below 30 mmol/L at each post-baseline visit through
week 24 was descriptively summarised by treatment
group. For the descriptive summary of results through
week 24, the observed sweat chloride concentrations at
weeks 16 and 24 were averaged and the value was used to
determine the number and proportion of participants
with sweat chloride concentration below 60 mmol/L or
below 30 mmol/L.

A hierarchical testing procedure was used to control
the overall type 1 error at an a of 0-05. The key secondary
endpoints were formally tested at an o level of 0-05 only
if the primary analysis of absolute change from baseline
in FEV, % predicted through week 24 was statistically
significant. For a test at any step to be considered
statistically significant within the testing hierarchy, it
must have been statistically significant, and all previous
tests (if any) within the hierarchy must have been
statistically significant at the two-sided 0-05 level (one-
sided 0-025 level for the primary endpoint). The testing
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order of the key secondary endpoints is provided in the
appendix (p 22).

Trials VX20-121-102 and VX20-121-103 planned to
enrol approximately 400 and 550 participants,
respectively. For Trial VX20-121-102, assuming a within-
group standard deviation of 8 and a 10% drop-out rate
at week 24 and a treatment difference of 0 between
vanzacaftor-tezacaftor-deutivacaftor and elexacaftor—
tezacaftor—ivacaftor, a sample size of 200 participants in
each group for a total of 400 participants would have
more than 90% power to reject the null hypothesis
that vanzacaftor-tezacaftor-deutivacaftor is inferior
to elexacaftor-tezacaftor—ivacaftor (active control) by
a margin that is greater than the non-inferiority margin
of —3-0 percentage points in the absolute change from
baseline in FEV, % predicted through week 24, based
on a one-sided, two-sample ¢ test at a significance level
of 0-025. Using the same assumptions for Trial
VX20-121-103, a sample size of 275 participants in each
group for a total of 550 participants would have more
than 95% power to test the primary hypothesis for the
primary endpoint.

For Trial VX20-121-102, for the key secondary efficacy
endpoint of absolute change from baseline in sweat
chloride concentration through week 24, assuming a
within-group SD of 14 mmol/L and a 10% dropout rate at
week 24, a sample size of 200 participants in each
treatment group provided more than 90% power to detect
a difference between the treatment groups of -5 mmol/L,
based on a two-sided, two-sample ¢ test at a significance
level of 0-05. Using the same assumptions for Trial
VX20-121-103, a sample size of 275 participants in each
treatment group provided more than 95% power to detect
a difference between the treatment groups.

For the key secondary efficacy endpoints of proportion
of participants with sweat chloride concentrations below
60 mmol/L or below 30 mmol/L through week 24,
participants from Trials VX20-121-102 and VX20-121-103
were pooled to provide sufficient power for analysis.

The secondary endpoint of number of pulmonary
exacerbations through week 52 was analysed descriptively
and the rate of pulmonary exacerbations per year was
presented, along with difference in the rate between
treatment groups and the associated 95% CI. A negative
binomial distribution was assumed to obtain the
two-sided 95% CI. Other secondary endpoints were
analysed similarly to the primary or key secondary
endpoints, as applicable (appendix pp 20-23).

For the primary endpoint and non-sweat chloride
concentration-based endpoints, if the pre-dose day 1
value was missing, the most recent pre-dose, non-
missing value on or after the day -14 visit, including
unscheduled visits, was used as the baseline value. For
sweat chloride concentration endpoints, for which
baseline was the average of the two most recent
pre-dose non-missing values on or after day —14, if only
one non-missing value was available during this
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interval, the available value was considered to be the
baseline value.

We did post-hoc subgroup analyses of the key
secondary endpoint of absolute change in sweat chloride
concentration by genotype for Trial VX20-121-103. We
also did post-hoc subgroup analyses of this endpoint
by sweat chloride concentration through week 24.
Additionally, we did post-hoc analyses of the key
secondary endpoints of proportion of participants with
sweat chloride concentration below 60 mmol/L and
below 30 mmol/L using shift tables to compare the
proportions of participants above and below these
thresholds; additional details are provided in the
appendix (pp 23-25). Furthermore, we assessed duration
of commercial elexacaftor—tezacaftor—ivacaftor use as
previous medication as a post-hoc analysis (appendix
p 24).

Based on a prespecified analysis plan, because of the
similar population, study design and treatment duration,
safety data from both trials were pooled for analysis. Safety
data were descriptively summarised; no statistical testing
on safety data was performed. Adverse events, including
neuropsychiatric events, were collected during the trials
and reported by the investigator as per the protocol.
A broad neuropsychiatric events category (including
64 Preferred Terms per the Medical Dictionary for
Regulatory Activities version 26.1) was created and
included the following varied concepts: depression,
suicide, anxiety, aggression, and insomnia. There were no
formal mental health assessments conducted in Trials
VX20-121-102 and VX20-121-103. In post-hoc analyses, we
assessed the frequency of depression-related events.
Additionally, in post-hoc analyses we assessed alanine
aminotransferase and aspartate aminotransferase events
and rash events through week 52 in the VX17-445-102 and
VX17-445-105 trials,”” assessing elexacaftor—tezacaftor—
ivacaftor (further details of post-hoc analyses are in the
appendix [p 25]).We used SAS version 9.4 or higher to
generate all statistical outputs. An independent data
monitoring committee conducted planned safety reviews
of trial data.

Role of the funding source
The trial sponsor had a role in the design, data analysis,
data interpretation, and writing of the report. The
sponsor had no role in data collection; data collection was
done by site investigators.

Results

In SKYLINE Trial VX20-121-102, between Sept 14, 2021,
and Oct 18, 2022, 488 individuals were screened, of whom
435 entered the 4-week run-in period and subsequently
37 discontinued the run-in period and were excluded from
analysis. Hence, 398 participants were randomly assigned
to either elexacaftor-tezacaftor—ivacaftor (n=202) or
vanzacaftor—tezacaftor—deutivacaftor (n=196), received at
least one dose of study drug, and had the intended CTFR
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A SKYLINE Trial VX20-121-102

| 488 individuals screened |

—>| 53 not eligible

A 4

| 435 participants entered 4-week run-in period

37 discontinued run-in period
22 adverse events
7 withdrew consent
1 non-compliance
1 physician decision
6 did not meet eligibility criteria

A 4

398 randomly assigned to study treatment
and dosed

v

-

tezacaftor-ivacaftor

202 assigned to and received elexacaftor-

196 assigned to and received vanzacaftor-
tezacaftor-deutivacaftor

v

16 discontinued treatment

15 discontinued treatment
4 adverse events
5 refused dosing
2 non-compliance
1 physician decision
3 pregnancy

10 adverse events
2 refused dosing
1 lost to follow-up
1 pregnancy
2 withdrew consent

A

186 completed 52 weeks of treatment

| | 181 completed 52 weeks of treatment |
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(Figure 1 continues on next page)

genotype (full analysis set; figure 1A). Median age was
31-0 years (IQR 22-6-38-5), 163 (41%) of 398 participants
were female, 235 (59%) were male, 388 (97%) were White,
five (1%) were Black or African American, one (<1%) was
other Asian, three (1%) were more than one race, and one
(<1%) was other race (table 1).

In SKYLINE Trial VX20-121-103, between Oct 27, 2021,
and Oct 26, 2022, 699 individuals were screened, of whom
597 entered the 4-week run-in period, and subsequently
24 discontinued the run-in period and were excluded
from analysis. Hence, 573 participants were randomly
assigned to either elexacaftor—tezacaftor—ivacaftor (n=289)
or vanzacaftor—tezacaftor—deutivacaftor (n=284), received
at least one dose of study drug, and had the intended
CTFR genotypes (full analysis set; figure 1B). Median
age was 33-1 years (IQR 24-5-42-2), 280 (49%) of
573 participants were female, 293 (51%) were male,
532 (93%) were White, three (1%) were more than
one race, two (<1%) were other races, one (<1%) each was
Southeast Asian, other Asian, and American Indian or
Alaska Native, and 33 (6%) did not have race data collected
due to local regulations (table 1). Additional baseline
characteristics for both trials are in the appendix (p 41).
Across both trials, 734 (76%) of 971 participants had

previously received commercial elexacaftor—tezacaftor—
ivacaftor, with a median exposure of approximately
2 years (post hoc; appendix p 42). Treatment groups in
both trials were well matched at baseline (table 1;
appendix p 41). After trial completion, 336 (84%)
participants from Trial VX20-121-102 and 486 (85%)
participants in Trial VX20-121-103 enrolled in an open-
label study evaluating long-term treatment with
vanzacaftor—tezacaftor—deutivacaftor.

In Trial VX20-121-102, the least squares mean absolute
change in FEV, % predicted from baseline through week 24
was 0-5 (SE 0-3) percentage points in the vanzacaftor—
tezacaftor—deutivacaftor group versus 0-3 (0- 3) percentage
points in the elexacaftor—tezacaftor—ivacaftor group (least
squares mean treatment difference of 0-2 percentage
points [95% CI —0-7 to 1-1]; one-sided p<0-0001). In Trial
VX20-121-103, the least squares mean absolute change in
FEV, % predicted from baseline through week 24 was 0-2
(SE 0-3) percentage points in the vanzacaftor-tezacaftor—
deutivacaftor group versus 0-0 (0-2) percentage points in
the elexacaftor-tezacaftor—ivacaftor group (least squares
mean treatment difference of 0-2 percentage points
[95% CI —0-5 to 0-9]; one-sided p<0-0001; table 2,
figure 2A, C). Prespecified and post-hoc subgroup analyses
were consistent with overall results for the primary
endpoint for both trials (appendix p 29).

For the first key secondary endpoint of absolute change
in sweat chloride concentration from baseline through
week 24, the least squares mean treatment difference
was —8-4 mmol/L (95% CI -10-5 to —6-3; two-sided
p<0-0001) in Trial VX20-121-102 and -2-8 mmol/L
(—4-7 to —0-9; two-sided p=0-0034) in Trial VX20-121-103
(table 2, figure 2B, D). Post-hoc genotype subgroup
analyses in Trial VX20-121-103 were consistent with
results for the first key secondary endpoint (appendix
p 42). Post-hoc subgroup analysis for Trials VX20-121-102
and VX20-121-103 of absolute change in sweat chloride
concentration are shown in the appendix (p 48). For the
second and third key secondary endpoints, pooled
analysis across both trials showed that a greater
proportion of participants in the vanzacaftor—tezacaftor—
deutivacaftor group had sweat chloride concentrations
below 60 mmol/L through week 24 (399 [86%] of 465)
than did those in the elexacaftor—tezacaftor—ivacaftor
group (367 [77%] of 479; odds ratio 2-21 [95% CI
1-55 to 3-15]; p<0-0001)). Similarly, a greater proportion
of participants across both trials in the vanzacaftor—
tezacaftor—deutivacaftor group had sweat chloride
concentrations below 30 mmol/L through week 24
(142 [31%)] of 465) than did those in the elexacaftor—
tezacaftor—ivacaftor group (108 [23%] of 479; odds ratio
2-87[95% CI 2-00 to 4-12; p<0-0001; table 2). Post-hoc
subgroup analyses of the proportion of participants with
sweat chloride concentrations either above or below the
thresholds of 30 mmol/L and 60 mmol/L at baseline
compared to sweat chloride concentration through
week 24 are shown in the appendix (pp 43—44).
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The least squares mean treatment difference in CFQ-R
respiratory domain score change from baseline through
week 24 between the vanzacaftor-tezacaftor—deutivacaftor
group and the elexacaftor—tezacaftor—ivacaftor group was
2-3 points (95% CI-0-6 to 5-2) in Trial VX20-121-102 and
—0-1 points (-2-3 to 2-1) in Trial VX20-121-103 (appendix
p 45). The annual rate of protocol-defined pulmonary
exacerbation through week 52 was 0-32 in the vanzacaftor—
tezacaftor—deutivacaftor group versus 0-42 in the
elexacaftor-tezacaftor—ivacaftor group in Trial VX20-121-
102 (treatment difference of —0-10 [95% CI —0-24 to 0-04])
and 0-29 versus 0-26 in Trial VX20-121-103 (treatment
difference of 0-03 [95% CI —0-07 to 0-13]; appendix p 49).
Results for absolute change from baseline in sweat
chloride and FEV, % predicted through week 52, and the
proportion of participants (within trial) with sweat chloride
concentrations below 60 mmol/L and below 30 mmol/L
through week 24 are shown in the appendix (p 45).

Across both trials, 459 (96%) of 480 participants in
the pooled vanzacaftor—tezacaftor—deutivacaftor group and
469 (96%) of 491 participants in the pooled elexacaftor—
tezacaftor—ivacaftor group had at least one adverse event.
Most adverse events were mild or moderate in severity and
resolved without treatment interruption (table 3). The
most common adverse events were infective pulmonary
exacerbation (133 [28%] participants in the pooled
vanzacaftor—tezacaftor—deutivacaftor group vs 158 [32%] in
the pooled elexacaftor—tezacaftor—ivacaftor group), cough
(108 [239%)] vs 101 [2196])), COVID-19 (107 [22%] vs 127 [26%]),
and nasopharyngitis (102 [21%] vs 95 [19%]). 68 (14%) of
480 participants in the pooled vanzacaftor—tezacaftor—
deutivacaftor group and 81 (16%) of 491 in the pooled
elexacaftor-tezacaftor—ivacaftor group had a serious
adverse event, the most common of which was infective
pulmonary exacerbation (29 [6%] vs 35 [/%]; appendix
p 46). 18 (4%) participants in the pooled vanzacaftor—
tezacaftor—deutivacaftor group and 18 (4%) in the pooled
elexacaftor-tezacaftor—ivacaftor group discontinued treat-
ment due to adverse events (table 3), the most common
adverse events leading to treatment discontinuation were
aminotransferase elevation events (appendix p 46). No
deaths occurred during the treatment period. Two
participants in the elexacaftor—tezacaftor—ivacaftor group
in Trial VX20-121-103 died after the treatment period, both
were assessed as not related to study treatment.

Based on laboratory values for alanine aminotransferase
and aspartate aminotransferase, among 480 participants
in the pooled vanzacaftor—tezacaftor—deutivacaftor group,
29 (6%),12 (3%), and six (1%) had alanine aminotransferase
or aspartate aminotransferase concentrations that were
greater than three times, five times, and eight times the
upper limit of normal (ULN), respectively, compared with
15 (3%), six (1%), and one (<1%) of 491 participants in the
pooled elexacaftor—tezacaftor-ivacaftor group (appendix
p 47). Differences in the occurrence of time-to-first
aminotransferase elevations were observed in the
first 3 months of the study treatment period and thereafter
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and dosed

v v

289 assigned to and received elexacaftor-

tezacaftor-ivacaftor tezacaftor-deutivacaftor
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1 non-compliance
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Figure 1: Trial profile for SKYLINE Trials VX20-121-102 (A) and VX20-121-103 (B)

Some participants were taking elexacaftor-tezacaftor-ivacaftor before the run-in period. In Trials VX20-121-102
and VX20-121-103, three participants in the elexacaftor-tezacaftor-ivacaftor group and five participants in the
vanzacaftor-tezacaftor-deutivacaftor group were randomly assigned to treatment but not dosed; these
participants all discontinued the study during the run-in period. Commercial drug availability indicates that the
participant chose to discontinue study treatment in favour of commercial drugs. *Other reasons for study
discontinuation were: participant elected not to further participate in the study (n=3), refused dosing (n=1), did
not meet eligibility (n=6), and run-in window expired (n=1). Other reasons for treatment discontinuation were
that participants wished to pursue pregnancy. $One participant had multiple reasons for discontinuation (adverse
event and other reason). §Other reasons for treatment discontinuation were: participant wished to pursue

pregnancy (n=1), withdrew consent (n=1), and partially quit dosing (n=1).

the occurrence of the events were similar between the
treatment groups (appendix p 30). When analysing adverse
events reported by investigators, there were 43 (9%)
participants in the pooled vanzacaftor—tezacaftor—
deutivacaftor group and 35 (7%) in the pooled
elexacaftor-tezacaftor—ivacaftor group who had at least
one aminotransferase elevation adverse event, and most of
these events were mild or moderate in severity and
resolved without treatment interruption (appendix p 47).
Ten participants had aminotransferase elevation adverse
events that led to treatment discontinuation: seven (1%) in
the pooled vanzacaftor—tezacaftor—deutivacaftor group and
three (1%) in the pooled elexacaftor—tezacaftor—ivacaftor
group. Two (<1%) participants in the pooled vanzacaftor—
tezacaftor—deutivacaftor group and two (<1%) in the pooled
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elexacaftor-tezacaftor—ivacaftor group had a serious
aminotransferase elevation adverse event. There were no

other clinically relevant differences between the
Trial VX20-121-102 Trial VX20-121-103
Elexacaftor- Vanzacaftor- Elexacaftor- Vanzacaftor-
tezacaftor- tezacaftor- tezacaftor- tezacaftor-
ivacaftorgroup  deutivacaftor ivacaftorgroup  deutivacaftor
(N=202) group (N=196) (N=289) (N=284)
Sex
Female 83 (41%) 80 (41%) 145 (50%) 135 (48%)
Male 119 (59%) 116 (59%) 144 (50%) 149 (52%)
Age, years 31:3(21:9-38:5)  30:3(22:8-375) 33-8(247-431)  32:6(241-415)
>12t0 <18 31 (15%) 26 (13%) 38 (13%) 41 (14%)
>18 171 (85%) 170 (87%) 251 (87%) 243 (86%)
Ethnicity
Hispanic or Latino 11 (5%) 13 (7%) 5(2%) 4 (1%)
Not Latino or Hispanic 190 (94%) 183 (93%) 261 (90%) 265 (93%)
Not collected per local 1(<1%) 0 23 (8%) 15 (5%)
regulations
Race
White 197 (98%) 191 (97%) 262 (91%) 270 (95%)
Black or African 1(<1%) 4(2%) 0 0
American
Southeast Asian 0 0 0 1(<1%)
Other Asian 0 1(<1%) 1(<1%) 0
American Indian or 0 0 1(<1%) 0
Alaska Native
Other race 1(<1%) 1(<1%) 1(<1%)
Not collected per local 0 23 (8%) 10 (4%)
regulation
More than one race 3 (1%) 0 1(<1%) 2 (1%)
FEV, % predicted, 67-2 (14-6) 67-0 (15:3) 66-4 (14-9) 67-2 (14-6)
percentage points
Sweat chloride 543 (18-2) 53-6 (17:0) 421 (17-9) 434 (18'5)
concentration, mmol/L
>30to <60 105 (52%) 114 (58%) 154 (53%) 158 (56%)
<30 19 (9%) 17 (9%) 80 (28%) 72 (25%)
CFQ-R respiratory 82:9 (15-7) 85-8 (14-7) 85-6 (13-2) 85-7 (13-2)
domain score
BMI, kg/m? 23.0(3:9) 22:7(3-4) 22:9(33) 23:3(4-0)
Previous CFTR modulator use
Any 177 (88%) 170 (87%) 250 (87%) 241 (85%)
Elexacaftor-tezacaftor- 177 (88%) 168 (86%) 204 (71%) 185 (65%)
ivacaftor
Genotype group
F508del-F508del NA NA 224 (78%) 222 (78%)
F508del-gating NA NA 20 (7%) 19 (7%)
F508del-residual NA NA 23 (8%) 23 (8%)
function
Elexacaftor-tezacaftor-  NA NA 22 (8%) 20 (7%)
ivacaftor-responsive
non-F508del
F508del-minimal 202 (100%) 196 (100%) NA NA
function

Data are n (%), median (IQR), or mean (SD). CFQ-R=Cystic Fibrosis Questionnaire-Revised. NA=not applicable.

Table 1: Baseline demographic and clinical characteristics, full analysis set
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two treatment groups in laboratory values. The incidences
of aminotransferase elevations in both the pooled
vanzacaftor—tezacaftor-deutivacaftor and elexacaftor—
tezacaftor-ivacaftor groups in Trials VX20-121-102
and VX20-121-103 were lower than those observed in
a post-hoc analysis of 52-week data from elexacaftor—
tezacaftor—ivacaftor Trials VX17-445-102 and VX17-445-105
in participants who were CFTR modulator naive before
receiving elexacaftor-tezacaftor-ivacaftor (appendix p 47).

53 (11%) of 480 participants in the pooled vanzacaftor—
tezacaftor—deutivacaftor group and 38 (8%) of 491 in
the pooled elexacaftor-tezacaftor—ivacaftor group had at
least one rash event, and most were mild or moderate in
severity (appendix p 48). Differences in the occurrence
of time-to-first rash events were observed in the first
month of study treatment, which then became similar
between treatment groups thereafter (appendix p 30).
One(<1%)participantinthepooledvanzacaftor—tezacaftor—
deutivacaftor group had a rash event that led to
treatment discontinuation within the first month of
treatment.

The incidence of creatine kinase elevations was
similar between treatment groups (appendix p 48).
Overall, 43 (9%) participants in the pooled vanzacaftor—
tezacaftor—deutivacaftor group and 41 (8%) in the pooled
elexacaftor—tezacaftor-ivacaftor group had at least
one creatine kinase elevation event. Most events were
assessed by the investigator to be mild or moderate in
severity and resolved without treatment interruption.
Two participants had creatine kinase elevation events
that led to treatment discontinuation, one (<1%) in
the pooled vanzacaftor—tezacaftor—deutivacaftor group
and one (<1%) in the pooled elexacaftor-tezacaftor—
ivacaftor group. The elevated creatine kinase levels
observed in these trials were generally asymptomatic and
often associated with exercise.

55 (11%) of 480 participants in the pooled vanzacaftor—
tezacaftor-deutivacaftor group and 59 (12%) of 491 in
the pooled elexacaftor-tezacaftor—ivacaftor group had
at least one neuropsychiatric event, and most were mild
or moderate in severity (appendix p 49). Serious
neuropsychiatric events occurred in four (1%) participants
in the pooled vanzacaftor-tezacaftor-deutivacaftor group
and four (1%) in the pooled elexacaftor-tezacaftor—
ivacaftor group. Three (1%) participants in the pooled
vanzacaftor—tezacaftor—deutivacaftor group and two (<1%)
in the pooled elexacaftor-tezacaftor—ivacaftor group had
neuropsychiatric events that led to treatment discon-
tinuation. Depression-related events, a subset of the
neuropsychiatric events, occurred in 20 (4%) participants
in the pooled vanzacaftor—tezacaftor-deutivacaftor group
and 25 (5%) in the pooled elexacaftor—tezacaftor—ivacaftor
group (appendix p 50).

We identified no clinically relevant changes in mean
blood pressure (which remained in the normal range
during the treatment period [appendix p 50]) or other vital
signs, ECG, or pulse oximetry (data not shown).
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Trial VX20-121-102

Trial VX20-121-103

Pooled analyses

Elexacaftor-tezacaftor-  Vanzacaftor-tezacaftor-

Elexacaftor-tezacaftor-

Vanzacaftor-tezacaftor-

Elexacaftor-tezacaftor-

Vanzacaftor-tezacaftor-

odds ratio; observed proportion is presented.

ivacaftor group deutivacaftor group ivacaftor group deutivacaftor ivacaftor group deutivacaftor group
(N=202) (N=196) (N=289) (N=284) (N=491) (N=480)
Primary endpoint
Absolute change in FEV, % predicted from baseline through week 24,* percentage points
Baseline, mean (SD) 672 (14-6) 67-0 (15-3) 66-4 (14-9) 672 (14-6) NA NA
Absolute change, least squares 0-3(0-3;-0:3t0 0:9) 0-5(0-3;-0-1to 1.1) 0-0 (0-2;-0-5t0 0-5) 0-2(03;-03t0 07) NA NA
mean (SE; 95% Cl)
Least squares mean difference vs 0-2 (-0-7to 1-1) 0-2(-0-5t0 0-9) NA NA
elexacaftor-tezacaftor-ivacaftor
group (95% Cl)
One-sided p, . i eriony <0-0001 <0-0001 NA NA
Key secondary endpoints
Absolute change in sweat chloride concentration from baseline through week 24*, mmol/L
Baseline, mean (SD) 54-3(18-2) 53.6 (17-0) 421(17-9) 434 (18-5) NA NA
Absolute change, least squares 0-9(0-8;-0-6t02-3) -75(0-8;-9-0to-6-0) -2-3(0-7; -3:6t0-0-9) -51(0-7; -6-4t0-3-7) NA NA
mean (SE; 95% Cl)
Least squares mean difference vs -84 (-10-5t0-6-3) -2-8 (-4:7t0-0-9) NA NA
elexacaftor-tezacaftor-ivacaftor
group (95% Cl)
Two-sided P,y <0-0001 0-0034 NA NA
Proportion of participants with sweat chloride concentration <60 mmol/L through week 24*
Baseline NA NA NA NA 358/483 (74%) 361/476 (76%)
Week 24 NA NA NA NA 367/479 (77%) 399/465 (86%)
QOdds ratiot vs elexacaftor- NA NA NA NA 2-21(1-55t0 3-15)
tezacaftor-ivacaftor group (95% Cl)
Two-sided P,y NA NA NA NA <0-0001
Proportion of participants with sweat chloride concentration <30 mmol/L through week 24*
Baseline NA NA NA NA 99/483 (21%) 89/476 (19%)
Week 24 NA NA NA NA 108/479 (23%) 142/465 (31%)
Odds ratiot vs elexacaftor- NA NA NA NA 2-87(2:00t0 4-12)
tezacaftor-ivacaftor group
(95% CI)
Two-sided P,y NA NA NA NA <0-0001

Except for sweat chloride, baseline was defined as the pre-dose day 1 value. For sweat chloride, baseline was defined as the average of the 2 most recent pre-dose, non-missing values on or after the day -14 visit,
including unscheduled visits. NA=not applicable. *Estimates through week 24 were obtained by averaging estimates at weeks 16 and 24. tThe generalised estimating equation model was used to estimate the

Table 2: Primary and key secondary efficacy endpoints in Trials VX20-121-102 and VX20-121-103, full analysis set

Discussion

We assessed the efficacy and safety of vanzacaftor—
tezacaftor—-deutivacaftor, a novel, once-daily CFTR
modulator, compared with elexacaftor—tezacaftor—
ivacaftor (standard of care for eligible people with cystic
fibrosis) in 971 adolescents and adults with cystic fibrosis
with diverse genotypes. Both trials met all primary
and key secondary endpoints. Vanzacaftor—tezacaftor—
deutivacaftor was non-inferior to elexacaftor—tezacaftor—
ivacaftor in absolute change in FEV, % predicted through
week 24; elexacaftor—tezacaftor-ivacaftor was previously
shown to have an approximately 14 percentage point
increase in FEV, % predicted compared with
placebo in a phase 3 trial’ Vanzacaftor—tezacaftor—
deutivacaftor was superior to elexacaftor—tezacaftor—
ivacaftor in terms of improvements in sweat chloride
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concentrations through week 24, with significant
improvements in both trials. Treatment with vanzacaftor—
tezacaftor-deutivacaftor led to 2-2 times greater odds of
having sweat chloride concentrations below 60 mmol/L
and 2-9 times greater odds of having sweat chloride
concentrationsbelow30mmol/Lcomparedwithelexacaftor—
tezacaftor—ivacaftor. These results show that vanzacaftor—
tezacaftor—deutivacaftor treatment might lead to more
people with cystic fibrosis attaining levels of CFTIR
function either below the diagnostic threshold or in the
normal range. Results of other secondary efficacy

endpoints showed that treatment with vanzacaftor—
tezacaftor—deutivacaftor led to maintenance of clinical
benefit previously established with elexacaftor—tezacaftor—
ivacaftor treatment. Vanzacaftor-tezacaftor-deutivacaftor
was generally safe and well tolerated with a similar
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Figure 2: Absolute change in least squares mean from baseline in FEV, % predicted and sweat chloride concentration

FEV, % predicted by visit for Trial VX20-121-102 (A) and Trial VX20-121-103 (C) and sweat chloride concentration by visit for Trial VX20-121-102 (B) and

Trial VX20-121-103 (D). For FEV, % predicted, baseline was the most recent non-missing measurement before the first dose of study drug on day 1. For sweat chloride
concentration, baseline was defined as the average of the two most recent pre-dose, non-missing values on or after the day -14 visit, including unscheduled visits.

Error bars show SEs.

safety profile to elexacaftor—tezacaftor—ivacaftor. Addi-
tionally, vanzacaftor—tezacaftor—deutivacaftor is dosed
once-daily, potentially reducing the medication burden
for people with cystic fibrosis and facilitating
adherence

Reflecting on the ability to improve CFTR function,
in-vitro data from the FRT assay identified 31 additional
CFIR variants that were responsive to vanzacaftor—
tezacaftor—deutivacaftor but not responsive to elexacaftor-
tezacaftor-ivacaftor. However, these in-vitro findings will
need to be confirmed in real-world human studies to
establish the clinical benefit in people with cystic fibrosis
with these variants. Overall, vanzacaftor—tezacaftor—
deutivacaftor had a similar effect on lung function as
elexacaftor—tezacaftor—ivacaftor, with the potential to result
in greater improvements in CFTR function in a broader
population of people with cystic fibrosis.

Vanzacaftor—tezacaftor—deutivacaftor was non-inferior
to elexacaftor—tezacaftor—ivacaftor in FEV, % predicted.
The trial was planned as a non-inferiority trial, because
data from previous clinical trials suggested that
further improvement in lung function (measured
by FEV, % predicted) beyond that provided by

elexacaftor—tezacaftor-ivacaftor might not be possible in
all participants due either to irreversible lung damage or
relatively preserved lung function. For example, in
previous phase 3 trials of elexacaftor-tezacaftor—ivacaftor,
no further improvement in lung function in participants
with F508del-F508del genotypes (who have two responsive
variants) was seen compared with participants with
F508del-minimal function genotypes (who have only
one responsive variant), despite those with F508del-
F508del genotypes having greater restoration of CFTR
function, as measured by sweat chloride than those with
F508del-minimal function genotypes.*® Although lung
function remains a key clinical outcome and marker of
disease progression in cystic fibrosis, improvement in
sweat chloride concentration reflects restoration of the
underlying dysfunction at the cause of cystic fibrosis.
Sweat chloride is a direct, sensitive measure of CFTR
function, is a well established diagnostic measure of
cystic fibrosis, and predicts disease severity at a population
level in natural history studies, although it has not been
used to prospectively predict individual clinical
benefit.’** Therefore, although new CFTR modulator
therapies should demonstrate at least non-inferiority in
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terms of FEV, % predicted improvement compared with
standard of care, improvement in sweat chloride
concentration allows an opportunity to differentiate
between CFTR modulator regimens. This evolution from
measurement of important, but less sensitive, clinical
measures (eg, FEV, % predicted) to other more sensitive
measures reflecting the underlying pathophysiology (eg,
sweat chloride) has precedent in other disease areas, such
as HIV, cancer, and hepatitis C virus infection.”* For
these diseases, as more effective medicines were
developed, more sensitive endpoints have been used to
differentiate between treatments.

In the trials presented here, significant improvements
in all the key secondary endpoints related to sweat
chloride concentrations were observed through
24 weeks with vanzacaftor—tezacaftor—deutivacaftor treat-
ment compared with elexacaftor—tezacaftor—ivacaftor. The
magnitude of the absolute change in sweat chloride
concentration in the Trial VX20-121-102 population
(F508del-minimal function genotypes) was greater than
in the Trial VX20-121-103 population (F508del-F508del,
F508del-gating, F508del-residual function, and elexacaftor—
tezacaftor—ivacaftor-responsive-non-F508del  genotypes),
possibly because participants in Trial VX20-121-102 had
a higher mean sweat chloride at baseline than did those
in Trial VX20-121-103. Overall, the improvements in sweat
chloride concentrations seen in both trials address the
causal biology of cystic fibrosis and advance the field
towards the goal of reaching normal levels of CFTR
function seen in people without cystic fibrosis.

The clinical relevance of the sweat chloride concentration
thresholds of 60 mmol/L (above which the diagnosis of
cystic fibrosis is likely) and 30 mmol/L (below which cystic
fibrosis is not diagnosed, and which reflects normal levels)
is supported by natural history and clinical trial data.*"*
The statistically superior improvements in sweat chloride
concentrations through 24 weeks of vanzacaftor—
tezacaftor—deutivacaftor ~ treatment compared with
elexacaftor-tezacaftor—ivacaftor mean that more people
with cystic fibrosis might reach these thresholds. Although
additional long-term data are needed to determine whether
these thresholds for diagnosis and prognosis of cystic
fibrosis are clinically relevant to predict long-term
treatment response, further improvement in CFTR
function (as measured by improvements in sweat chloride
concentrations) to normal levels remains a goal of therapy.
Correction of CFTR function to levels seen in individuals
without cystic fibrosis early in life has the best potential to
restore normal physiology and prevent disease
development or progression, or both.*

Vanzacaftor—tezacaftor—deutivacaftor was generally
safe and well tolerated. Because of the active comparator,
the studies excluded participants who had a history
of intolerance to elexacaftor—tezacaftor—ivacaftor and
all participants received and had to tolerate elexacaftor—
tezacaftor—ivacaftor during the 4-week run-in period.
Hence, the safety of elexacaftor—tezacaftor—ivacaftor in
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these trials reflected the experience of participants who
had previously received and tolerated elexacaftor—
tezacaftor—ivacaftor, whereas the safety in the

Pooled elexacaftor- Pooled vanzacaftor-

tezacaftor- tezacaftor-
ivacaftor group deutivacaftor group
(N=491) (N=480)
Participants with any 469 (96%) 459 (96%)
adverse event
Maximum severity of adverse event
Mild 145 (30%) 166 (35%)
Moderate 269 (55%) 239 (50%)
Severe 54 (11%) 54 (11%)
Life-threatening 1(<1%) 0
Participants with adverse 18 (4%) 18 (4%)
events leading to
discontinuation of trial
regimen*
Laboratory valuest 6 (1%) 9 (2%)
Psychiatric disorders 2 (<1%) 3(1%)
Skin and subcutaneous 0 1(<1%)
tissue disorders
Other 10 (2%) 5 (1%)
Participants with adverse 12 (2%) 20 (4%)
events leading to
interruption of trial
regimen
Participants with serious 81 (16%) 68 (14%)
adverse events
Participants with adverse 0F 0

events leading to death

Participants with adverse events that occurred in 210% of participants in
any treatment group

Infective pulmonary 158 (32%) 133 (28%)
exacerbation of cystic

fibrosis

Cough 101 (21%) 108 (23%)
COVID-19 127 (26%) 107 (22%)
Nasopharyngitis 95 (19%) 102 (21%)
Headache 63 (13%) 76 (16%)
URTI 67 (14%) 72 (15%)
Oropharyngeal pain 60 (12%) 69 (14%)
Diarrhoea 59 (12%) 58 (12%)
Influenza 26 (5%) 52 (11%)
Pyrexia 50 (10%) 52 (11%)
Fatigue 46 (9%) 51 (11%)
Nasal congestion 47 (10%) 48 (10%)
Increased sputum 50 (10%) 45 (9%)

Data are n (%) where n is participants. URTI=upper respiratory tract infection.
*Adverse events that led to discontinuation in at least two participants,
according to preferred terms, are listed in the appendix (p 46). tAdverse events
that occurred in at least two participants in either group included increased
alanine aminotransferase, aspartate aminotransferase, increased blood
bilirubin, increased blood bilirubin unconjugated, and blood alkaline
phosphatase. $Two participants in the elexacaftor-tezacaftor-ivacaftor group in
Trial VX20-121-103 died after the treatment period, both were assessed as not
related to study treatment.

Table 3: Adverse events in the treatment period, in pooled
Trials VX20-121-102 and VX20-121-103
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vanzacaftor—tezacaftor—-deutivacaftor group reflected
that of participants who had started a new CFIR
modulator. The most common adverse events and
serious adverse events were generally consistent
with common manifestations in cystic fibrosis. The
occurrence of serious adverse events and events that led
to treatment discontinuation were low and similar
between groups. Importantly, in post-hoc analyses, we
found that 76% of participants previously received
commercial elexacaftor—tezacaftor—ivacaftor, with a
median exposure of approximately 2 years and all
participants received elexacaftor-tezacaftor—ivacaftor
during the run-in period. This is relevant when
interpreting rates of aminotransferase elevations and
rash events (which are known to occur early after
elexacaftor—tezacaftor—ivacaftor initiation®) because
these events would have already occurred before
entering the treatment period of Trials VX20-121-102
and VX20-121-103. This hypothesis is supported by the
incidence of alanine aminotransferase or aspartate
aminotransferase elevations that were greater than
three times, five times, and eight times the ULN in the
pooled elexacaftor—tezacaftor—ivacaftor group being
lower than those previously seen in the elexacaftor—
tezacaftor—ivacaftor group in the phase 3 Trial
VX17-445-102,° in which participants were naive
to CFTR modulator treatment (incidences of alanine
aminotransferase or aspartate aminotransferase ele-
vations that were more than three times, five times, and
eight times the ULN were 7-9%, 2-5%, and 1-5%,
respectively).” The incidence of rash events in the
pooled elexacaftor—tezacaftor—ivacaftor group was also
lower than in the elexacaftor—tezacaftor—ivacaftor group
in Trial VX17-445-102 (8% vs 11%). Furthermore, the
incidence of elevated aminotransferase and rash events
in both the pooled vanzacaftor-tezacaftor—deutivacaftor
group and the pooled elexacaftor-tezacaftor—ivacaftor
group is lower than that observed in the 52-week
experience with elexacaftor—tezacaftor—ivacaftor treat-
ment in Trials VX17-445-102 and open-label extension
VX17-445-105 in CFTR-modulator naive participants.
Additionally, the known early time course of drug-
related liver and rash events after the initiation of
a drug explains why the incidence of first amino-
transferase elevation or first rash event were higher in
the vanzacaftor—tezacaftor-deutivacaftor group in the
first month (rash) and 3 months (aminotransferase
elevations) of treatment than in the elexacaftor—
tezacaftor—ivacaftor group, and the incidence was
similar thereafter.

The high burden of mental health conditions in people
with cystic fibrosis, including depression, anxiety,
suicidal ideation, insomnia, and other conditions, is
well established in the published literature.”*
Previous analysis of pooled placebo-controlled
elexacaftor—tezacaftor—ivacaftor clinical trials has shown
that the incidence of depression-related events was

similar between the elexacaftor-tezacaftor—ivacaftor
group (3-32 events per 100 person years) and the placebo
group (3-24 events per 100 person years).* Results from
Trials VX20-121-102 and VX20-121-103 showed that the
incidence of neuropsychiatric events reported by the
investigators in these trials was similar between
treatment groups and was consistent with the back-
ground rate of these events in people with cystic
fibrosis not receiving CFTR modulator therapy. The
cumulative review of the elexacaftor—tezacaftor—ivacaftor
data, including from clinical trials, post-marketing
reports, an ongoing registry-based post authorisation
safety study, and peer-reviewed literature, suggests that
depression symptoms and depression-related events
reported in people with cystic fibrosis treated with
elexacaftor—tezacaftor—ivacaftor are generally consistent
with background epidemiology of these events in the
cystic fibrosis population and do not suggest a causal
relationship with CFTR modulator treatment.

To complement the clinical trial results, in-vitro
experiments using the FRT system were conducted to
identify additional CFTR variants responsive to
vanzacaftor-tezacaftor-deutivacaftor. The in-vitro FRT
assay is clinically validated, has been shown to be highly
predictive of clinical benefit, and has been accepted by
regulatory authorities for previous CFTR modulators.”*
In-vitro testing confirmed that all previously identi-
fied elexacaftor—tezacaftor—ivacaftor-responsive variants
were also responsive to vanzacaftor-tezacaftor—
deutivacaftor. Furthermore, reflecting the increased
efficacy of vanzacaftor-tezacaftor-deutivacaftor, the
FRT assay identified 31 CFTR variants that were
responsive to vanzacaftor—tezacaftor—deutivacaftor but
not responsive to elexacaftor—tezacaftor-ivacaftor (and
are not currently approved for treatment with any
CFTR modulator therapy). Notably, although a lack of
responsiveness in the FRT system does not predict lack
of clinical benefit (eg, a CFTR variant that does not
meet the threshold for in-vitro responsiveness might
still be clinically responsive), these data suggest that
vanzacaftor—tezacaftor—-deutivacaftor has the potential
to treat a broader population of people with cystic
fibrosis compared with elexacaftor-tezacaftor—ivacaftor
through an expanded indication.

There is no longer clinical equipoise to conduct a
placebo-controlled trial in participants with responsive
CFTR variants due to the availability of elexacaftor—
tezacaftor—ivacaftor. Although elexacaftor-tezacaftor—
ivacaftor is the most appropriate active comparator for a
clinical trial, one limitation of its use is that efficacy and
safety are evaluated relative to elexacaftor-tezacaftor—
ivacaftor, rather than to placebo. Additionally, because
most participants had previously received elexacaftor—
tezacaftor—ivacaftor, a controlled trial with an elexacaftor—
tezacaftor—ivacaftor run-in period means that adverse
event data are reflective only of participants who are
able to tolerate elexacaftor-tezacaftor—ivacaftor.
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Therefore, the trial design does not allow the
assessment of the efficacy and safety of vanzacaftor—
tezacaftor—deutivacaftor in people either unable to
tolerate elexacaftor—tezacaftor—ivacaftor or naive to
elexacaftor—tezacaftor—ivacaftor. There might be
limitations in detecting further improvements in lung
function as measured by spirometry in clinical trials.
Other assessments besides spirometry (FEV, %
predicted) might be able to detect modest changes in
lung function, including lung clearance index (which
was an endpoint in the vanzacaftor-tezacaftor—
deutivacaftor paediatric trial”); however, there are
technical challenges in performing lung clearance
index assessments in older people with cystic fibrosis,
who typically have more severe airway obstruction.**
Additionally, our trials are limited by the lack of ethnic
and racial diversity of the population, with more than
90% of participants being White and not Latino or
Hispanic, which might limit the generalisability of our
findings. Hence, future trials must make efforts to
enhance clinical trial participation to generate data in a
broader and more representative ethnic and racial
distribution that better reflects the cystic fibrosis
population.

In summary, these two large, international phase 3 trials
show that vanzacaftor-tezacaftor—deutivacaftor, a novel,
once-daily, triple combination CFTR modulator therapy,
was non-inferior in terms of change from baseline in
lung function and superior in improvements in sweat
chloride concentrations compared with the current
standard of care, -elexacaftor—tezacaftor—ivacaftor, in
eligible people with cystic fibrosis. Results of in-vitro
analyses indicate 31 additional CFTR variants responsive
to vanzacaftor—tezacaftor-deutivacaftor but not to
elexacaftor-tezacaftor—ivacaftor, potentially expanding
eligibility to CFTR modulator treatment. Vanzacaftor—
tezacaftor—deutivacaftor is a CFTR modulator that provides
more convenient once-daily dosing, is as efficacious in
improving lung function compared to elexacaftor—
tezacaftor—ivacaftor with further restoration of CFTR
function, and has the potential to treat a broader population
than the current standard of care CFTR modulators.
Contributors
The trial sponsor designed the protocol in collaboration with the
academic authors (CK, LMY, FV, DP, RWL, AT, TK, JM, ATB, MO, SS,
BR, MAM, JLT-C, EFM, ET, and AH). Site investigators including
authors CK, LMY, FV, DP, RWL, AT, TK, JM, ATB, MO, SS, JLT-C,
EFM, ET, and AH served as investigators in the clinical trials and
collected the data, which were analysed by the sponsor, including
NN and RZ. The trial data were verified by CK, AH, PRS, NN, and RZ.
All authors had full access to the trial data and provided input on
drafting the manuscript, with writing assistance from the sponsor.

All authors participated in subsequent revisions of the manuscript and

approved the final version submitted for publication. All authors had
final responsibility for the decision to submit for publication.

Declaration of interests

TF, PM, PRS, NN, RZ, HM, NA, and AL are employees of Vertex
Pharmaceuticals and own stock or stock options in that company.

FV reports grants from HIT-CF Project, Research Foundation Flanders
Strategic Basic Research, University KU Leuven Internal Funds, Cystic

www.thelancet.com/respiratory Vol 13 March 2025

Fibrosis Foundation, and King Baudouin Foundation; a service
agreement with Ziphius vaccines; a consulting agreement with Vertex
Pharmaceuticals; and financial support from Viatris and Mylan.

DP reports grants, consulting fees, and speaker fees from Vertex
Pharmaceuticals. RWL reports grants from Vertex Pharmaceuticals
and Cystic Fibrosis Foundation, and consulting fees and travel support
from Vertex Pharmaceuticals. AT reports support from Vertex
Pharmaceuticals and Cystic Fibrosis Foundation, travel support from
Cystic Fibrosis Foundation, and is a board member of the local Cystic
Fibrosis Foundation chapter. TK reports speaker fees and travel
support from Vertex Pharmaceuticals. JM reports grants from Cystic
Fibrosis Foundation, 4D Molecular Therapeutics, Boehringer
Ingelheim, Clarametyx Biosciences, and Spirovant Pharmaceuticals.
ATB reports grants from Vertex Pharmaceuticals and Cystic Fibrosis
Foundation. MO reports speaker fees and travel support from
Arrowhead Pharmaceuticals, and speaker fees from Vertex
Pharmaceuticals. SS reports grants, consulting fees, and speaker fees
from Vertex Pharmaceuticals, Boehringer Ingelheim, and Insmed;
and grants and speaker fees from AstraZeneca. BR reports grants from
the US National Institutes of Health (NIH) and the Cystic Fibrosis
Foundation, consulting fees from Vertex Pharmaceuticals, Cystetic
Medicines, and Sionna Therapeutics; and participation on a data safety
monitoring or advisory board for the NIH. MAM reports grants from
the German Research Foundation, German Ministry for Education and
Research, German Innovation Fund, Vertex Pharmaceuticals, and
Boehringer Ingelheim; consulting fees from AbbVie, Boehringer
Ingelheim, Enterprise Therapeutics, Kither Biotec, Prieris, Recode,
Splisense, and Vertex Pharmaceuticals; speaker fees from Vertex
Pharmaceuticals; travel support from Boehringer Ingelheim and
Vertex Pharmaceuticals; participation on a data safety monitoring
board or advisory board for AbbVie, Boehringer Ingelheim, Enterprise
Therapeutics, Kither Biotec, Pari, and Vertex Pharmaceuticals; and is
a Fellow of the European Respiratory Society. JLT-C reports grants and
consulting fees from Vertex Pharmaceuticals and 4D Molecular
Therapeutics; a grant from Eloxx; participation on a data safety
monitoring board or advisory board for AbbVie; and serving as the
adult patient care representative for the Cystic Fibrosis Foundation
Board of Trustees, on the Cystic Fibrosis Foundation Clinical Research
Executive Committee, as immediate past Chair of the Cystic Fibrosis
TDN’s Sexual Health, Reproduction and Gender Research Working
Group, as Co-chair of the Health Equity Team Science Awards study
section and on the Racial Justice Working Group, on the scientific
advisory board for Emily’s Entourage, on the American Thoracic
Society Respiratory Health Awards and Scientific Grant Review
Commiittees, as Chair-elect of the International Conference
Committee, as Associate Editor for the Journal of Cystic Fibrosis, as

a member of the International Advisory Board for The Lancet
Respiratory Medicine, and on the Clinical Trials Review study section
for the NIH. EFM reports grants and speaker fees from Vertex
Pharmaceuticals, travel support from Menarini, and participation on
a data safety monitoring board or advisory board for Cystic Fibrosis
Storm Clinical Trial, Vertex Pharmaceuticals, Janssen, AbbVie,
Insmed, and Enterprise Therapeutics. ET reports grants from

St Michael’s Hospital and consulting fees, speaker fees, and travel
support from Vertex Pharmaceuticals. AH reports grants from Cystic
Fibrosis Trust, Cystic Fibrosis Foundation, and Vertex
Pharmaceuticals; consulting and speaker fees from Vertex
Pharmaceuticals; and serves as the Chair of the Cystic Fibrosis Trust
Clinical Trials Accelerator Platform and Chair of the National
Institute for Health and Care Research (NIHR) Respiratory
Translational Research Collaboration. LMY and CK declare no
competing interests.

Data sharing

Vertex Pharmaceuticals is committed to advancing medical science and
improving patient health. This includes the responsible sharing of
clinical trial data with qualified researchers. Proposals for the use

of these data will be reviewed by a scientific board. Approvals are at the
discretion of Vertex and will be dependent on the nature of the request,
the merit of the research proposed, and the intended use of the data.
Please contact CTDS @vrtx.com if you would like to submit a proposal
or need more information.

269



Articles

270

Acknowledgments

These trials were funded by Vertex Pharmaceuticals. We thank the
participants and their families for participating and the investigators and
coordinators for their contributions to the trials. We thank the Cystic
Fibrosis Foundation Therapeutics Development Network, the European
Cystic Fibrosis Clinical Trials Network, and the UK Clinical Trial
Accelerator Platform for their support of the trial sites. Delivery in the UK
was further supported by the NIHR Research Delivery Network, the NTHR
Manchester Clinical Research Facility and AH is supported by the

NIHR Manchester Biomedical Research Centre. The views expressed are
those of the authors and not necessarily those of the NTHR or the UK
Department of Health and Social Care. Editorial coordination and support
were provided by Christopher Van and Concetta Marfella of Vertex
Pharmaceuticals. Graphic design support was provided by Jonathan Kirk
of Vertex Pharmaceuticals. We thank Fred Van Goor and Sheena Saayman
of Vertex Pharmaceuticals for conducting the in-vitro FRT testing.

References

1 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: 1193-208.

2 Heijerman HGM, McKone EF, Downey DG, et al. 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: 1940-48.

3 Bower JK, Volkova N, Ahluwalia N, et al. Real-world safety and
effectiveness of elexacaftor/tezacaftor/ivacaftor in people with cystic
fibrosis: interim results of a long-term registry-based study.

J Cyst Fibros 2023; 22: 730-37.

4 Nichols DP, Paynter AC, Heltshe SL, et al. Clinical effectiveness
of elexacaftor/tezacaftor/ivacaftor in people with cystic fibrosis:
a clinical trial. Am J Respir Crit Care Med 2022; 205: 529-39.

5  Middleton PG, Mall MA, Dtevinek P, et al. Elexacaftor-tezacaftor-
ivacaftor for cystic fibrosis with a single Phe508del allele.
N Engl ] Med 2019; 381: 1809-19.

6 Munger BL, Brusilow SW, Cooke RE. An electron microscopic study
of eccrine sweat glands in patients with cystic fibrosis of the
pancreas. ] Pediatr 1961; 59: 497-511.

7 landing BH, Wells TR, Williamson ML. Anatomy of eccrine sweat
glands in children with chronic renal insufficiency and other fatal
chronic diseases. Am J Clin Pathol 1970; 54: 15-21.

8  Elborn JS. Cystic fibrosis. Lancet 2016; 388: 2519-31.

9  Farrell PM, White TB, Ren CL, et al., Diagnosis of cystic fibrosis:
consensus guidelines from the Cystic Fibrosis Foundation.

J Pediatr 2017; 181 (suppl): S4-15.

10 McKone EF, Velentgas P, Swenson AJ, Goss CH. Association of sweat
chloride concentration at time of diagnosis and CFTR genotype with
mortality and cystic fibrosis phenotype. J Cyst Fibros 2015; 14: 580-86.

11 Wilschanski M, Dupuis A, Ellis L, et al. Mutations in the cystic
fibrosis transmembrane regulator gene and in vivo transepithelial
potentials. Am J Respir Crit Care Med 2006; 174: 787-94.

12 Colak Y, Nordestgaard BG, Afzal S. Morbidity and mortality in
carriers of the cystic fibrosis mutation CFTR Phe508del in the
general population. Eur Respir ] 2020; 56: 2000558.

13 Fidler MC, Beusmans J, Panorchan P, Van Goor F. Correlation of
sweat chloride and percent predicted FEV, in cystic fibrosis patients
treated with ivacaftor. J Cyst Fibros 2017; 16: 41-44.

14 Mayer-Hamblett N, Fajac I, Konstan M, et al. Greater reductions in
sweat chloride with CFTR modulator use are associated with
improved clinical outcomes. North American Cystic Fibrosis
Conference of the Cystic Fibrosis foundation, Nov 3-5, 2022
(poster 694).

15 Zemanick ET, Emerman I, McCreary M, et al. Heterogeneity of
CFTR modulator-induced sweat chloride concentrations in people
with cystic fibrosis. J Cyst Fibros 2024; 23: 676-84.

16  Uluer AZ, MacGregor G, Azevedo P, et al. Safety and efficacy of
vanzacaftor-tezacaftor-deutivacaftor in adults with cystic fibrosis:
randomised, double-blind, controlled, phase 2 trials.

Lancet Respir Med 2023; 11: 550-62.

17 Hoppe JE, Kasi AS, Pittman JE, et al. Vanzacaftor—tezacaftor—
deutivacaftor for children aged 6-11 years with cystic fibrosis
(RIDGELINE Trial VX21-121-105): an analysis from a single-arm,
phase 3 trial. Lancet Respir Med 2025; published online Jan 2.
https://doi.org/10.1016/$2213-2600(24)00407-7

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Konstan MW, Flume PA, Kappler M, et al. Safety, efficacy and
convenience of tobramycin inhalation powder in cystic fibrosis
patients: the EAGER trial. J Cyst Fibros 2011; 10: 54-61.
Mayer-Hamblett N, Ratjen F, Russell R, et al. Discontinuation
versus continuation of hypertonic saline or dornase alfa in
modulator treated people with cystic fibrosis (SIMPLIFY):

results from two parallel, multicentre, open-label, randomised,
controlled, non-inferiority trials. Lancet Respir Med 2023;

11: 329-40.

Kenward MG, Roger JH. Small sample inference for fixed effects
from restricted maximum likelihood. Biometrics 1997; 53: 983-97.
Daines CL, Tullis E, Costa S, et al et al, Long-term safety and
efficacy of elexacaftor/tezacaftor/ivacaftor in people with cystic
fibrosis and at least one F508del allele: 144-week interim results
from a 192-week open-label extension study. Eur Respir ] 2023;

62: 2202029.

Iskedjian M, Einarson TR, MacKeigan LD, et al. Relationship
between daily dose frequency and adherence to antihypertensive
pharmacotherapy: evidence from a meta-analysis. Clin Ther 2002;
24: 302-16.

Weeda ER, Coleman CI, McHorney CA, Crivera C, Schein JR,
Sobieraj DM. Impact of once- or twice-daily dosing frequency

on adherence to chronic cardiovascular disease medications:

a meta-regression analysis. Int | Cardiol 2016; 216: 104-09.

Laliberté F, Bookhart BK, Nelson WW, et al. Impact of once-daily
versus twice-daily dosing frequency on adherence to chronic
medications among patients with venous thromboembolism. Patient
2013; 6: 213-24.

Mei Zahav M, Orenti A, Jung A, Hatziagorou E, Olesen HV,

Kerem E. Disease severity of people with cystic fibrosis carrying
residual function mutations: data from the ECFS Patient Registry.

J Cyst Fibros 2023; 22: 234-47.

McKone EF, Goss CH, Aitken ML. CFTR genotype as a predictor of
prognosis in cystic fibrosis. Chest 2006; 130: 144147,

US Department of Health and Human Services. Human
immunodeficiency virus-1 infection: developing antiretroviral drugs
for treatment - guidance for industry. November, 2015. https://www.
fda.gov/regulatory-information/search-fda-guidance-documents/
human-immunodeficiency-virus-1-infection-developing-
antiretroviral-drugs-treatment (Nov 1, 2024).

US Department of Health and Human Services. Hematologic
malignancies: regulatory considerations for use of minimal residual
disease in development of drug and biological products for
treatment - guidance for industry. January 2020. https://www.fda.
gov/regulatory-information/search-fda-guidance-documents/
hematologic-malignancies-regulatory-considerations-use-minimal-
residual-disease-development-drug-and (accessed Nov 1, 2024).

US Department of Health and Human Services. Chronic hepatitis C
virus infection: developing direct-acting antiviral drugs for treatment
- guidance for industry. November 2017 https://www.fda.gov/
regulatory-information/search-fda-guidance-documents /chronic-
hepatitis-c-virus-infection-developing-direct-acting-antiviral-drugs-
treatment-guidance (accessed Nov 1, 2024).

Allen L, Allen L, Carr SB, et al. Future therapies for cystic fibrosis.
Nat Commun 2023; 14: 693.

Quon BS, Bentham WD, Unutzer J, Chan YF, Goss CH, Aitken ML.
Prevalence of symptoms of depression and anxiety in adults with
cystic fibrosis based on the PHQ-9 and GAD-7 screening
questionnaires. Psychosomatics 2015; 56: 345-53.

Bouka A, Tiede H, Liebich L, et al. Quality of life in clinically stable
adult cystic fibrosis out-patients: associations with daytime
sleepiness and sleep quality. Respir Med 2012; 106: 1244—49.

US Department of Health and Human Services, Substance Abuse
and Mental Health Services Administration (SAMHSA). Key
substance use and mental health indicators in the United States:
results from the 2020 National Survey on Drug Use and Health.
2021. https://www.samhsa.gov/data/sites/default/files/reports/rpt39
443/202INSDUHNNR122322/202INSDUHNNR122322.htm
(accessed Nov 1, 2024).

Cystic Fibrosis Foundation. Patient registry: 2022 annual data
report. Cystic Fibrosis Foundation, 2023. https://www.cff.org/
medical-professionals /patient-registry (accessed Nov 1, 2024).
Ramsey B, Correll CU, DeMaso DR, et al. Elexacaftor/tezacaftor/
ivacaftor treatment and depression-related events.

Am ] Respir Crit Care Med 2024; 209: 299-306.

www.thelancet.com/respiratory Vol 13 March 2025



Articles

36 Kalydeco (ivacaftor) prescribing information. Vertex Pharmaceuticals,
August, 2023. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2023/203188s038Ibl.pdf (accessed Nov 1, 2024).

37  Symdeko (tezacaftor/ivacaftor) prescribing information. Vertex
Pharmaceuticals. February, 2018. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2018/210491Ibl.pdf (accessed Nov 1, 2024).

38 Trikafta (elexacaftor/tezacaftor/ivacaftor) prescribing information.
Vertex Pharmaceuticals. June, 2021. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2021/212273s0041bl.pdf (accessed
Nov 1, 2024).

www.thelancet.com/respiratory Vol 13 March 2025

39

Horsley AR, Belcher |, Bayfield K, et al. Longitudinal assessment of
lung clearance index to monitor disease progression in children and
adults with cystic fibrosis. Thorax 2022; 77: 357-63.

McNally P, Lester K, Stone G, et al. Improvement in lung clearance
index and chest computer tomography scores with elexacaftor/
tezacaftor/ivacaftor treatment in people with cystic fibrosis aged

12 years and older—the RECOVER trial. Am ] Respir Crit Care Med
2023; 208: 917-29.

271



	Vanzacaftor–tezacaftor–deutivacaftor versus elexacaftor–tezacaftor–ivacaftor in individuals with cystic fibrosis aged 12 years and older (SKYLINE Trials VX20-121-102 and VX20-121-103): results from two randomised, active-controlled, phase 3 trials
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


