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ABSTRACT

Elexacaftor/tezacaftor/ivacaftor (ETI) significantly improves treatment outcomes for people with cystic fibrosis (pwCF) with
at least one F508del allele. In 2023, the Food and Drug Administration approved ETI for children with CF aged 2-5years.
However, real-world pharmacokinetic-pharmacodynamic data for ETI in pediatric and adult populations are still limited. This
study aimed to characterize the population PK of ETI in children with CF (chCF) and evaluate current dosing recommendations.
Population PK modeling was conducted using Monolix software on 150 ETI concentrations obtained from therapeutic drug
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(TDM) monitoring in 96 children with CF aged 2-18years, as part of the MODUL-CEF study. Area under the curve was derived
from individual Bayesian pharmacokinetic estimates. A one-compartment model with a lag time, first-order absorption, and

elimination best described the PK of elexacaftor/ivacaftor, while the PK of tezacaftor followed a one-compartment model with
first-order absorption and elimination. A large between-subject variability was observed. The effect of body weight was signif-
icant on apparent clearance and volume of distribution parameters using allometric scaling. Children weighing 30-40kg who
received the adult-recommended dose showed higher drug exposure compared to adults with cystic fibrosis. This is the first

study to describe the population pharmacokinetics of ETI in chCF aged 2-18years, revealing high between-subject variability for

all three drugs. In this context, TDM is likely essential for managing ETI exposure levels and guiding dosing adjustments. The

appropriateness of current dosing recommendations for children under 12years old weighing 30-40kg remains to be clarified.

Summary

« What is the current knowledge on the topic?

o ETI significantly improves the care and clinical
outcomes of people with cystic fibrosis (pwCF) who
have at least one F508del allele. However, real-world
pharmacokinetic data of ETI in pediatric popula-
tions remain scarce, raising concerns about the ap-
propriateness of current dosing recommendations.

What question did this study address?

o This study aimed to characterize the population
pharmacokinetics of ETI in children with CF aged
2-18years and assess whether current dosing recom-
mendations achieve expected adult drug exposure.

What does this study add to our knowledge?

o The analysis revealed a high between-subject varia-
bility in ETT pharmacokinetics and a significant ef-
fect of body weight on apparent drug clearance and
distribution. Children with CF weighing 30-40kg
who received the adult-recommended dose exhib-
ited higher drug exposure than adults with CF.

How might this change clinical pharmacology or

translational science?

o The findings highlight the importance of therapeu-
tic drug monitoring in managing ETI exposure in
children with CF. By considering interindividual
variability and the key factors influencing it, along
with exploring potential dosing strategies, this study
contributes to optimizing ETI therapy for children
with CF.

1 | Introduction

Cystic fibrosis (CF), an autosomal recessive inherited disease
initially identified in the Caucasian population, affects over
100,000 people worldwide [1-4]. The discovery of the CFTR
gene (Cystic Fibrosis Transmembrane Conductance Regulator)
in 1989 revolutionized the understanding of CF pathophysiol-
ogy [5]. The CFTR gene encodes a protein that regulates chloride
and bicarbonate transport in secretory epithelia, crucial for hy-
dration and antimicrobial defense in organs like the lungs and
pancreas. Mutations in the CFTR gene impair these processes,
leading to dehydration of the airway surface liquid and the pul-
monary symptoms characteristic of CF [6, 7]. The most common
mutation, found in about 90% of people with CF (pwCF) on at
least one allele, is the deletion of phenylalanine at position 508

(F508del), which causes CFTR protein misfolding and dysfunc-
tion [8]. Since the discovery of the most common mutation, more
than 2000 additional CFTR mutations have been identified [9].

CFTR modulators are small-molecule drugs that partially restore
the function of defective CFTR proteins. There are 2 main types
of CFTR modulators: potentiators (e.g., ivacaftor) and correctors
(e.g., elexacaftor and tezacaftor). CFTR potentiators enhance the
function of existing CFTR proteins at the cell surface, while CFTR
correctors help defective CFTR proteins fold correctly and reach
the cell surface in greater numbers [10]. Ivacaftor was the first
modulator to be approved in 2012 and was first introduced as a
monotherapy for pwCF with the G551D mutation.

The triple-combination regimen of elexacaftor/tezacaftor/iva-
caftor (ETI) was initially approved by the European Medicines
Agency (EMA) in August 2020 for the treatment of children
with CF (chCF) aged 12 and older with normal liver function.
Since then, the EMA has granted two additional labeling exten-
sions for ETI: the first in January 2022, extending its use to chCF
aged 6-11, and the second in November 2023, approving it for
children aged 2-5. These approvals apply to chCF who have at
least one copy of the F508del mutation or other mutations that
have demonstrated responsiveness to ETI in in vitro studies [11].

CFTR modulators’ overall efficacy has been proven in numer-
ous clinical trials involving both children and adults [12-16].
However, a wide variability in response to the treatment has
also been observed. This variability may be partly attributed to
interindividual variability in pharmacokinetics. Furthermore,
the anatomical and physiological differences between pediat-
ric and adult populations can significantly affect the drug's ab-
sorption, distribution, and elimination processes. For instance,
in children, drug metabolism varies with age and weight, and
between-subject variability in pharmacokinetic parameters
could be greater in children than in adults due to developmental
changes in hepatic enzymes [17]. ETI molecules are extensively
metabolized, predominantly in the liver by cytochrome P450
3A, including both CYP3A4 and CYP3AS5 [18-20].

To date, chCF has received the recommended dose of ETI
based on their body weight and age [11]. However, limited re-
search has investigated the pharmacokinetics (PK) and the
pharmacokinetic-pharmacodynamic (PKPD) relationships of
ETIin chCF in real-world settings [12, 13, 21]. Recently, Bouazza
et al. showed a significant association between ivacaftor ex-
posure, in combination with lumacaftor (a CFTR corrector),
and changes from baseline in forced expiratory volume in one
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second (FEV,) after 48 weeks of treatment [22]. However, the
dose-response and dose-toxicity relationships of ETI in the pe-
diatric population remain poorly understood, highlighting the
need for PK studies to optimize treatment efficacy and safety.

The objectives of this study were to describe the population PK
of elexacaftor, tezacaftor, and ivacaftor in chCF, to identify fac-
tors explaining interindividual variability, and to evaluate cur-
rent dosing recommendations.

2 | Methods
2.1 | Patients and Setting

This PK analysis was an ancillary study of the MODUL-CF
French prospective multicenter cohort study evaluating the re-
sponse to CFTR modulators in chCF. This study was approved
by the ethics committee (Comité de Protection des Personnes,
Nord Ouest IV, no. EUDRACT: 2018-002624-16) and registered
in the clinicaltrials.gov database under reference NCT03894657.
This pharmacokinetic sub-study included data from 20 pediat-
ric university hospital centers between March 2022 and March
2024. The main inclusion criteria were chCF aged 2-18 with at
least one F508del mutation, who were receiving and adhering to
ETI treatment as per marketing authorization and undergoing
therapeutic drug monitoring.

2.2 | Data Collection and Sampling

Blood samples for the pharmacokinetic study were collected via
venipuncture during scheduled follow-up clinical visits in the
MODUL-CF study or at the specific request of clinicians. The
blood samples were collected as follows: a trough concentration
was measured just before ETI intake and/or a peak concentra-
tion was measured around 4 h after intake. Overall, the dose re-
ceived, the type of ETI formulation (granules or tablet), and the
time elapsed between administration and sampling times were
carefully recorded. Clinical data was retrospectively recorded
from electronic medical records, including weight, height, sex,
and age of the chCF.

2.3 | Analytical Method

Ivacaftor (IVA), tezacaftor(TEZ), and elexacaftor(ELX) were
assayed using a liquid chromatography coupled with a tandem
mass spectrometry method (LC-MS/MS) (Waters, Milford,
USA) as previously described in detail [23]. The technique was
validated according to EMA guidelines in the range of 0.075-
20mg/L for tezacaftor and elexacaftor, and of 0.0525-14mg/L
for ivacaftor.

2.4 | Pharmacokinetic Analysis
Data were analyzed using the nonlinear mixed effect model-

ing software program Monolix version 2023R1 (https://lixoft.
com). Parameters were estimated by the Markov Chain Monte

Carlo-Stochastic Approximation Expectation Maximization
algorithm (MCMC-SAEM). Different structural models were
evaluated to model elexacaftor, ivacaftor, and tezacaftor concen-
trations: one or two compartments, using first-order absorption
with or without delay in absorption, and first-order elimina-
tion or Michaelis-Menten's elimination. The between-subject
variabilities (BSV) were ascribed to an exponential model. To
characterize the residual variability, three error models (i.e.,
proportional, additive, and combined error models) were inves-
tigated. Data below the Limit of Quantification (LOQ) were han-
dled as left-censored data by Monolix.

The likelihood ratio test, including the log-likelihood, the
Akaike information criterion (AIC) and the Bayesian informa-
tion criterion (BIC), was used to assess model fitting and to com-
pare the different models.

The main covariates tested were age (AGE), bodyweight (WT),
body mass index (BMI), body surface area (BSA), sex, as well as
the type of ETI formulation (granules or tablet, GAL).

Binary covariates (CAT) were tested according to the following
equation,

1
CL=0cL* (ﬂng)
where BS% . is the estimated influential factor for the binary co-
variate, CAT =0 stands for the reference 6., value and CAT=1
for the CL value in the presence of the covariate.

Continuous covariates were tested according to the following
equation, using clearance (CL) for example,

By
CL=6,. « __cov.
~7CL "\ median(COV)

where 0 is the typical value of clearance for a patient with the
median covariate value and ﬁggv is the estimated influential fac-

tor for the continuous covariate.

For WT, according to allometric scaling theory, the power ex-
ponent is typically set to 0.75 for clearance and 1 for volume of
distribution parameters. Additionally, age-related functions
were evaluated to account for maturation effects on CL/F and
bioavailability parameters, as previously described [24-26].

The quality of each model was evaluated by visual inspection of
the observed-predicted (population and individual) concentra-
tion scatter plots. Diagnostic graphics and other statistics were
obtained using the R software. From the final model, simula-
tions were performed to compute the prediction-corrected vi-
sual predictive checks (pcVPC) and the normalized prediction
distribution error (NPDE) metrics. Individual pharmacokinetic
parameter estimates were obtained through Bayesian estima-
tion from the final model.

For each chCF, we then derived the following pharmacokinetic
parameters: maximum concentration (C,,.), trough concentra-
tion (Ctmugh) at 24 h for elexacaftor and tezacaftor and at 12 h for
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ivacaftor, and areas under the curves (AUC for elexacaftor

and tezacaftor; AUC for ivacaftor).

0-24h
0-12h

2.5 | Simulation of the Current Dosing
Recommendations

Using the final ETI pharmacokinetic models, we conducted
simulations to evaluate the current pediatric dosing recommen-
dations. For children weighing less than 14kg, the prescribed
doses were elexacaftor 80 mg once daily, tezacaftor 40 mg once
daily, and ivacaftor 60mg each morning and 59.5mg each
evening. Children weighing between 14 and 30kg received el-
exacaftor 100mg once daily, tezacaftor 50mg once daily, and
ivacaftor 75mg every 12 h. For children over 30kg or older than
12years, the doses were elexacaftor 200 mg once daily, tezacaftor
100mg once daily, and ivacaftor 150mg every 12h. We devel-
oped a virtual pediatric population of 2000 patients with body
weights ranging from 10 to 60kg and performed PK simulations
using the ETI final models, applying the corresponding ETI-
recommended doses for each weight range. From the obtained
pharmacokinetic profiles, we derived the AUC parameter for el-
exacaftor, tezacaftor, and ivacaftor. We compared the ETT AUC
values to those reported by Zemanick et al. [13]. Based on the
simulation outcomes, we evaluated the potential for dose refine-
ments within the constraints of existing dosage forms, with the
goal of optimizing exposure in the pediatric population while
maintaining AUC_,, values within the adult reference range
(5th to 95th percentiles). All simulations and graphical outputs
were generated using the R software.

3 | Results

3.1 | Population Characteristics
and Available Data

Pharmacokinetic evaluations were conducted on 96 children
(66.7% males), with baseline characteristics detailed in Table 1.
For the pharmacokinetic analysis, 150 concentration mea-
surements were collected for each compound—elexacaftor,
ivacaftor, and tezacaftor. The median number of samples per
chCF per compound was 1, ranging from 1 to 5. Across all three

compounds, only one sample fell below LOQ, which was an iva-
caftor concentration measurement from a 3-year-old patient.

3.2 | Pharmacokinetic Analysis

A one-compartment model with first-order absorption and elim-
ination optimally described the pharmacokinetics of tezacaftor,
while the pharmacokinetics of elexacaftor and ivacaftor were
best fitted by a one-compartment model incorporating absorp-
tion lag time, first-order absorption, and elimination. Given
the limited number of plasma samples available during the ab-
sorption phase in this study, the absorption parameters (i.e., lag
time [Tlag] and/or absorption constant [K,]) were set to values
reported in the literature for the three molecules [27]. For all
drugs, the available data allowed estimating BSVs for the appar-
ent clearance parameter. A proportional residual error model
was retained for elexacaftor/tezacaftor and a combined residual
error model for ivacaftor. Among the various size descriptors, in-
cluding BMI, BSA, and bodyweight, the latter showed the most
significant effect. Specifically, bodyweight, applied through
allometric scaling, significantly impacted both the clearance
and volume of distribution of these compounds. According to
the allometric rule, the power exponents for bodyweight ef-
fect were fixed to 0.75 and 1 for the apparent clearance and the
apparent volume of distribution parameters. The inclusion of
bodyweight through allometric scaling significantly decreased
the BIC with ABIC,, uior=064-5. ABIC, . arior =842 and
ABIC,, .rior = 35-2. The BSV for apparent clearance was reduced
from 0.48 to 0.31 for elexacaftor, from 0.39 to 0.26 for tezacaftor,
and from 0.48 to 0.37 for ivacaftor. None of the other covariates
including AGE, SEX, and GAL were related to PK parameters.
Table 2 summarizes the final population pharmacokinetic esti-
mates for the three compounds.

The pcVPC plots show that the average predicted concentrations
align well with the observed concentration time-profiles and
that the variability is within the expected range for elexacaftor,
ivacaftor, and tezacaftor (Figure 1). Figure S1 presents a com-
parison of observed versus population-predicted concentrations
(DV versus PRED) and between observed versus individual-
prediction concentrations (DV vs. IPRED). The NPDE analysis
showed normally distributed errors, with no major trends in

TABLE1 | Descriptive statistics at baseline for subjects included in the PK analysis.

Demographics and clinical characteristics

Number of children

Number of samples per molecule
Age group <6years N=47
Male 34

4.0 [3.2-5.0]

16.0 [14.0-17.5]

Age (years), median [IQR]
Weight (kg), median [IQR]
Height (cm), median [IQR] 102.0 [94.5-107.8]
BMI (kg/m?), median [IQR]

BSA (m?), median [IQR]

15.6 [14.6-16.3]
0.7 [0.61-0.73]

96

150

6>years <12years N=19 >12years N=30
13 17

8.8 [7.0-10.4]

25.0 [21.6-31.2]

15.8 [14.6-16.6]
51.1 [44.5-57.5]
128.0 [117.2-138.0] 161.3 [156.9-170.9]
15.3[14.9-16.8]

0.94 [0.86-1.06]

18.9 [17.4-21.5]
1.52 [1.40-1.64]
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TABLE 2 | Parameters of the final ETI population pharmacokinetic
models.

Estimate (% RSE)

Elexacaftor Tezacaftor Ivacaftor
Fixed effects
Tlag (h) 2.17 (fix) — 0.70 (fix)
K, (h™) 0.59 (fix) 0.894 (fix) 0.42 (fix)
CL/F 1.57 (3.9) 1.32(3.8) 13.4 (4.8)
(L/h/70kg)
V/F (L/70kg) 56.1(9.9) 29.3(6.8)  183(12.6)
Between-subject variability
Wy 0.31 (11.1) 0.26 (14.8)  0.37(12.4)
Residual error
o additive — — 0.131
(mg/L) (43.0)
o proportional 0.247 (9.2) 0.302 (8.5) 0.278
12.5)

Abbreviations: o, residual variability estimate; , interindividual variability
estimate expressed as standard deviation; CL/F, apparent elimination clearance;
K,, absorption rate constant; RSE, relative standard error (standard error of

estimate/estimate*100); Tlag, lag time; V/F, apparent volume of distribution.

NPDE versus time or NPDE versus predictions (Figure S2). The
NPDE of the three final models is deemed valid, as they success-
fully pass both the symmetry and normality tests. Table 3 sum-
marizes ETI AUC_, Ctmugh, and C_,  values obtained in this
study alongside previously reported values for adults. Table S1
provides a detailed breakdown of pharmacokinetic parame-
ters according to dosing recommendations, categorized by the
weight and age groups of the children.

3.3 | Simulation of the Current Dosing
Recommendations

Figure 2 presents boxplots of ETI exposures (AUC,_h) based
on 2000 simulations of the final PK models, following current
dosing recommendations by weight bands (ranging from 10 to
60kg). Figure S3 shows the proportion of chCF across weight
bands who achieved an AUC within the 90% confidence interval
of adult-reported values, below the 5th percentile, or above the
95th percentile of adult-reported AUC values. Simulation results
suggested a potential risk of elevated drug exposure in chCF
weighing between 30 and 40kg. Specifically, more than 40% of
chCF in the 30-35kg weight range had simulated AUC values
exceeding the 95th percentile of adult-reported AUC values, in-
dicating a higher risk of elevated exposure: 42.6% for elexacaftor,
61.4% for tezacaftor, and 40.1% for ivacaftor. This risk remains
high in the 35-40kg weight range, with 34.2% for elexacaftor,
44.4% for tezacaftor, and 34.1% for ivacaftor.

To explore potential strategies for optimizing ETI exposure, we
performed exploratory simulations, starting with a scenario
where children with CF weighing 30-40kg were administered
half of the recommended adult dose, instead of the full adult

dose currently recommended. The simulated AUC,, for
ETI indicated that, while only 2% of chCF would be at risk of
elevated exposure, this dosing regimen could also pose a sig-
nificant risk of underexposure, with up to 35% of chCF having
AUC values below the 5th percentile of adult AUC values (see
Figures S4A and S5A). A second dosing regimen was there-
fore explored to optimize the proportion of children weighing
30-40kg falling within the 5th to 95th percentiles of adult AUC
values while remaining consistent with available dosage forms.
The ETI daily dose consists of 150mg of elexacaftor, 75mg of
tezacaftor, and 231.5mg of ivacaftor, administered as 112.5mg
in the morning and 119mg in the evening. The simulation re-
sults indicate that this dosing adjustment could reduce the pro-
portion of AUC,_,,, values exceeding the adult 95th percentile
threshold (see Figures S4B and S5B) compared to those observed
with the current dosing recommendation in this population. For
chCF weighing 30-35kg, the proportions decrease to 14.2% for
elexacaftor, 21.3% for tezacaftor, and 20% for ivacaftor. In the
35-40kg group, the proportions drop to 8.9% for elexacaftor,
12.9% for tezacaftor, and 7.7% for ivacaftor.

4 | Discussion

This study examines the population pharmacokinetics of ETI
in chCF aged 2-18years, providing the first comprehensive
real-world PK analysis of this combination therapy in this pop-
ulation. Elexacaftor and ivacaftor concentrations were satisfac-
torily described by a 1-compartment model with an absorption
lag time. The PK of tezacaftor was best described by a one-
compartment model with first-order absorption and elimina-
tion. We could not fully characterize the absorption phase, as
the plasma samples in our study were collected primarily for
therapeutic drug monitoring at peak and/or trough concentra-
tions. As a result, the parameters for the absorption phase were
set to previously reported values for all three molecules [27]. ETI
apparent clearance and volume of distribution parameters were
shown to significantly increase with body weight. Body weight
was incorporated into the ETI models, applying an exponent of
1 for V/F and 3/4 for CL/F in line with allometric scaling the-
ory. This enabled us to extrapolate pharmacokinetic parameters
from children to adult values, facilitating the standardization of
results and effectively accounting for weight variability within
our population. This study showed that the main PK parame-
ters of ETI, when standardized to a 70kg individual, are close to
those observed in adult pwCF [11, 13, 21]. The estimated appar-
ent clearances of ELX, TEZ, and IVA for a 70 kg patient at steady
state were 1.57, 1.32, and 13.4L/h, respectively. These values are
consistent with those previously reported, specifically a clear-
ance of 1.4L/h for ELX in a tritherapy regimen [28] and clear-
ance values of 1.27L/h for TEZ and 17L/h for IVA in the IVA/
TEZ combination therapy [29]. Following the administration of
the fixed-dose combination of ETI, the half-lives (¢, ,) of ELX,
TEZ, and IVA were approximately 24.7 [28], 15.4, and 9.5h, re-
spectively. These values are somewhat close to the effective half-
lives previously reported, which were 29.8h for ELX, 17.4h for
TEZ, and 15.0h for IVA [29].

Interestingly, we observed substantial between-subject variabil-
ity in the clearance of all three drugs studied. This high variabil-
ity in pharmacokinetic parameters can be partly attributed to
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FIGURE1 | Prediction-corrected visual predictive check (pcVPC) plots for ETI. The lines show the 10th, 50th, and 90th percentiles of observed
data. The areas represent the 95% confidence interval around the simulated percentiles.
TABLE 3 | Individual estimated PK parameters.
This study population, Reference adult PK parameters

ETI PK parameters n=96 median [IQR] mean (SD) Choong et al.

ELXC,,, (mg/L) 9.29 [7.95-11.1] 8.77 (2.16)

ELX Ctrough (mg/L) 5.05[3.96-6.61] 5.49 (2.65)

ELX AUC, _,, (mg*h/L) 172.9 [142.5-208.2] 167.0 (50.5)

TEZ C,,,, (mg/L) 6.83[5.89-8.03] 6.69 (1.39)

TEZ Ctmugh (mg/L) 2.00[1.55-2.71] 2.05(0.81)

TEZ AUC,,_,, (mg*h/L) 100.8 [87.0-119.8] 92.4(23.8)

IVAC,,, (mg/L) 1.48 [1.30-1.82] 1.27 (0.35)

IVA Ctrough (mg/L) 0.84[0.68-1.14] 0.75 (0.33)

IVA AUC, ,, (mg*h/L) 14.1 [12.2-18.0] 12.1 (4.17)

Abbreviations: AUC, area under the curve; C, . , maximal concentration; Cnough,

differences in body size. When applying allometric scaling, the
between-subject variability in apparent clearance decreased for
the three drugs. Among the size descriptors, body weight was
identified as the covariate with the greatest impact on clearance
and volume of distribution. No other significant relationships

trough concentration; ELX, elexacaftor; IVA, ivacaftor; TEZ, tezacaftor.

were identified between age, sex, drug formulation, and phar-
macokinetic parameters. To further explore the impact of age, a
maturation model was applied to both CL/F and bioavailability
parameters. However, these models did not enhance the fit for
the three drugs. This outcome is likely because the maturation
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FIGURE2 | Boxplots of the ETI exposures (AUC,_ ) obtained from 2000 simulations of the final PK models using the current dosing recommen-
dations. AUC boxplots were presented as a function of different weight bands. For each graph, the dashed horizontal line represent the median of the
adult AUC values, and the gray horizontal lines indicates the 5th (bottom line) and 95th percentiles (top line) of the adult AUC values.

of cytochromes CYP3A4/5, the primary enzymes responsible
for ETI metabolism, reaches 80% of adult levels by the age of
two [17].

Current pediatric dosing recommendations are primarily based
on a child's body weight and age, with the goal of achieving drug
exposure levels similar to those in adults receiving the standard
dose. We used in this study the same adult exposure targets to
evaluate the current dosing recommendation in terms of ETI
drug exposure [13].

As mentioned earlier, our study did not identify any additional
impact of age on the pharmacokinetics of ETI. Thus, simula-
tions of the current pediatric dosing recommendations were
conducted using the final ETI models in a patient population
weighing between 10 and 60kg. These simulations aimed to
obtain the distribution of AUC__across various weight bands
and to compare them with the 90% confidence interval re-
ported for the adult drug dosage. These simulations indicate
that the recommended ETI dosing appears to be appropriate
for children weighing 20-25kg and those weighing more than
40kg. For chCF weighing less than 20kg, our simulations indi-
cated a risk of elevated exposure, particularly for chCF weigh-
ing less than 14kg. However, there is currently no suitable
dosage form available to adjust the recommended doses for
chCF under 14kg. For chCF weighing between 25 and 30kg,
our comparison of the ETI AUC values with those reported by
Zemanick et al. showed that up to 15% of these children could
be at risk of underdosing, as their simulated AUC values fell
below the 5th percentile of the adult AUC values. Therapeutic
drug monitoring is likely essential for managing ETI exposure

levels and guiding dosing adjustments. Regarding children
weighing 30kg or more, the current dosing recommenda-
tion is to shift to adult dosing. However, our simulations in-
dicate that administering the adult dosage to children in the
30-40kg weight range may substantially increase the risk of
higher exposure compared to heavier weight groups, i.e., up
to 60% of chCF above the 95th percentile of the adult AUC
values. These observations align with those of the summary of
product characteristics published by the EMA, which reported
elevated AUC levels in chCF weighing more than 30kg who
received the standard adult dose [11].

Currently, the ETI combination therapy is available in just four
dosage forms: two tablet formulations (ETI: 50/25/37.5 and
100/50/75mg) and two packet formulations (ETI: 50/25/37.5
and 80/40/60 mg), the latter intended for pediatric use in chCF
under 6years of age. Through simulation, we explored the
ETI AUC distribution achievable with a reduced dosing reg-
imen for children with CF weighing 30-40kg, in accordance
with available dosage forms. In this scenario, children in this
weight range would receive a morning dose of three tablets
of ETI 50/25/37.5mg and an evening dose of two packets of
ivacaftor 59.5mg. This dosing approach could help achieve
optimal exposure by maintaining AUC_,,, within the adult
reference range (5th to 95th percentiles). However, simulation
results also indicate a residual risk, with 21% of chCF in the
30-35kg group and 12.9% in the 35-40kg group still exceed-
ing this threshold. These findings underscore the need for
further clinical evaluations to specifically assess the appropri-
ateness of current dosing recommendations for children with
CF weighing 30-40kg.
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This observational pharmacokinetic study has several limita-
tions. First, it is based on a sparse sampling design, with limited
PK samples collected per patient. Second, as previously noted,
we were unable to accurately characterize the absorption phase
due to insufficient sampling within the first 2h post-dose. Third,
we lacked dietary fat intake information for each administra-
tion, precluding evaluation of food's impact on drug bioavail-
ability. The summary of product characteristics specifies that
food significantly enhances the absorption and bioavailability
of elexacaftor and ivacaftor, but not tezacaftor [11]. When taken
with a moderate-fat meal, AUC,_ _ increases 1.9- to 2.5-fold for
ELX and 2.5- to 4-fold for ivacaftor compared to fasting condi-
tions. Finally, our dataset did not include information on several
other factors that might account for the high interindividual
variability in CL/F observed in this study, such as CYP3A poly-
morphisms, ASAT/ALAT levels, and, to a lesser extent, serum
creatinine levels. However, despite the absence of these covari-
ates, none of our chCF had renal failure, liver disease, or co-
administration of strong inducers or inhibitors.

An alternative dosing regimen was considered for children
weighing 30-40kg; however, these simulations were explor-
atory in nature and should not be interpreted as evidence sup-
porting any modification to current dosing recommendations.

Currently, the pharmacokinetic-pharmacodynamic relation-
ships between ETI drug exposure levels and efficacy/tolerance
remain undefined. As a result, the exposure targets utilized
in this study were based on Zemanick's adult exposure data,
which were already applied to derive the current pediatric
dosing recommendations [13]. Further investigations are re-
quired to better characterize the PKPD of ETI in the pediatric
population.

This study primarily aims to establish the first population
pharmacokinetics models for ETI using real-world data in
chCF aged 2-18years and to assess the current pediatric
dosing recommendations. Children weighing 30-40kg who
received the adult-recommended dose showed higher drug
exposure compared to adults with CF. Our findings support
the use of therapeutic drug monitoring for ETT in this popula-
tion to better personalize dosing and identify or exclude cases
of higher drug exposure or underexposure. Future research
should further investigate the impact of genetic, clinical, phys-
iological, and environmental factors on ETI pharmacokinet-
ics, as well as investigate the relationship between ETI drug
exposure, efficacy, and toxicity.
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