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Cystic fibrosis (CF) is a monogenic disease 
caused by variants in the CF transmembrane 
conductance regulator (CFTR) gene, affecting 
chloride and water transport across epithelial 
cells, leading to thick, sticky secretions in 
multiple organs.1 The incidence of CF varies 

geographically, with 1 in 100,000–150,000 births 
in Asia and 1 in 3,500 in North America. CFTR 
mutations affect chloride channel function to 
varying degrees, resulting in a broad clinical 
spectrum. Respiratory manifestations include 
mucus plugging of small airways, air trapping, 
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ABSTRACT

Background. Cystic fibrosis (CF) is a multisystem disease caused by variants in the CF transmembrane 
conductance regulator (CFTR) gene affecting ion transport. CFTR modulator therapy has become a significant 
treatment option for many CF patients. However, access to modulator therapy remains a challenge for cases 
with rare variants. 

Case Presentation. Our 9-year-old female patient, diagnosed with CF by elevated sweat chloride and history 
of steatorrhea from birth, carried the rare W1282X variant with no clear eligibility for modulator therapy. 
The family self-financed one month of elexacaftor / tezacaftor / ivacaftor (ETI) treatment. After one-month, 
clinical evaluation showed improvements in body mass index (BMI; 14.98 to 15.05 kg/m²), an increase in forced 
expiratory volume in 1 second (FEV1%) by 12% (72% to 84%), decreased sweat chloride levels (from 83 mEq/L 
to 9 mEq/L), and enhanced exercise capacity.  No pulmonary exacerbations occurred during therapy. Based on 
these findings, modulator therapy approval was obtained for continued treatment. Our patient is currently 10 
years old and has been on modulator therapy for approximately 12 months.

Conclusions. Facilitating access to modulator therapies for patients with rare mutations is crucial, considering 
the potential long-term complications of CF. While organoid studies may not always predict clinical response, 
real-world cases demonstrate clinically meaningful benefit despite lack of organoid responsiveness. Short-
term assessment of modulator response may not adequately reflect improvement in pulmonary function or 
exacerbation frequency, but decreases in sweat chloride, improvements in nutritional and functional parameters 
such as weight, BMI, and exercise capacity may be indicative of improvement in pulmonary function and 
exacerbation rates.
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chronic productive cough, reduced spirometry 
volumes, recurrent lower respiratory infections, 
and bronchiectasis.2 Severe CF cases may 
become lung transplant candidates due to 
chronic inflammation, hypoxia, and infection. 
Recent advances in CF treatment, particularly 
CFTR modulators, have markedly improved 
disease management and quality of life by 
targeting underlying molecular defects.3 
Ivacaftor monotherapy, through its potentiator 
effect, improves CFTR channel activity, 
resulting in better pulmonary function, reduced 
exacerbations, and weight gain in CF; however, 
its use is limited to ~5% of patients. The triple 
combination of elexacaftor / tezacaftor / ivacaftor 
(ETI) offering both corrector and potentiator 
actions, has demonstrated superior outcomes, 
particularly in those with one or two F508del 
alleles. Modulator eligibility is genotype-based, 
though for rare variants, responsiveness may be 
assessed in vitro using nasal epithelial samples 
or intestinal organoids in specialized centers.4

In Türkiye, the use of CFTR modulator therapy 
was officially authorized and included in the 
national reimbursement system as of July 
2025. ETI combination therapy is reimbursed 
for patients aged ≥ 2 years with a confirmed 
diagnosis of CF (either by sweat chloride 
testing or genetic analysis) who carry at least 
one F508del mutation or another CFTR variant 
with proven responsiveness to the therapy. 
However, a subset of patients lacks identifiable 
mutations suitable for approved modulators, 
creating uncertainty regarding therapy benefits. 
In variants with premature termination codons, 
such as W1282X, modulator therapies are 
generally ineffective. Ongoing research for 
W1282X is exploring genetic approaches, 
including adenine base editing (ABE) and 
homology-independent targeted integration 
(HITI), as potential alternative treatment 
strategies.5 We present our experience with 
a patient clinically diagnosed with CF and a 
single identified CFTR variant (W1282X), who 
was not clearly eligible for modulators, but 
nonetheless demonstrated a positive response 
to ETI therapy. 

Case Presentation

A 9-year-old girl diagnosed with CF at 2 
months of age due to elevated sweat chloride 
(92.8 and 95 mEq/L) and history of steatorrhea 
was followed for bilateral bronchiectasis and 
chronic Pseudomonas aeruginosa infection. After a 
12-month course of inhaled tobramycin, sputum 
cultures remained negative for P. aeruginosa. 
Pancreatic insufficiency was managed with 
enzyme replacement and fat-soluble vitamin 
supplementation; and ursodeoxycholic acid 
was given for CF-associated liver disease. 
She continued to receive dornase alfa and 
hypertonic saline inhalation, and chest 
physiotherapy, although not regularly. Whole 
exome sequencing (WES) and multiplex 
ligation-dependent probe amplification 
(MLPA) revealed a single W1282X variant on 
one allele of the CFTR gene, with no variant 
detected on the other allele. Non-adherence to 
chest physiotherapy and supportive treatments 
was associated with reduced exercise capacity 
and more than three pulmonary exacerbations 
annually. We were unable to identify our 
patient’s other variant with WES and MLPA. 
Ortiz et al. demonstrated ETI response in a 
case with W1282X and N1303K variant, which 
resulted in increased appetite, improved 
exercise capacity and body mass index (BMI), 
higher forced expiratory volume in 1 second 
(FEV1), and a reduced frequency of pulmonary 
exacerbations.6 Mutyam et al. observed clinical 
improvement in a cystic fibrosis patient who 
was homozygous for the W1282X mutation 
following treatment with ivacaftor; they 
attributed this to an increase in the activity of 
the residual protein.7 Given the existence of 
cases in the literature showing clinical benefit 
despite lack of clear genetic eligibility for CFTR 
modulatory treatment, a short-term trial of 
ETI therapy was planned. The patient’s family 
preferred to start ETI therapy despite uncertain 
eligibility. Informed consent was obtained from 
the family before treatment. Along with ETI, 
our patient continued concomitant treatment 
with dornase alfa, hypertonic saline, chest 
physiotherapy, and supportive therapies 



Unexpected Modulator Benefit in a CF Patient with One Variant

The Turkish Journal of Pediatrics ▪ ﻿Early View 2025 3

Turk J Pediatr 2025; ﻿Early View: 1-5

targeting other system involvements. At the 
initiation of treatment, she was able to maintain 
oxygen saturation on room air; however, sputum 
cultures revealed chronic methicillin-sensitive 
Staphylococcus aureus (MSSA) colonization. 
Computerized tomography (CT) of the chest 
demonstrated bronchial wall thickening and 
cylindrical bronchiectasis, as well as a mosaic 
attenuation pattern secondary to air trapping 
in the lungs. Baseline assessments included 
weight, spirometry, six-minute walk test and 
sweat chloride measurement. 

Pre-treatment spirometry showed a forced 
vital capacity (FVC) of 76% and an FEV1 
of 72%, which improved to 85% (+9%) and 
84% (+12%), respectively, after one month 
of therapy, indicating marked improvement 
in lung volumes. The patient demonstrated 
improved exercise capacity, a substantial 
reduction in sweat chloride concentration (from 
83 to 9 mEq/L) and a slight increase in BMI 
(from 14.98 to 15.05 kg/m²) (Table I). Although 
these short-term gains appear modest, they are 
clinically meaningful in pediatric CF, as they 
may contribute to catch-up growth, improved 
pulmonary function and a reduced frequency 
of exacerbations. No treatment-related adverse 
effects were observed.

Following these results, the family successfully 
obtained official approval for ongoing 
modulator therapy from the Ministry of Health. 
After six months of treatment, the patient’s 
growth parameters were 32 kg (SDS: -0,76), BMI 
16.1 kg/m2, sputum cultures remained sterile, 
FEV₁ was 85% and no pulmonary exacerbations 
requiring hospitalization occurred (Table I).

Informed consent was obtained from the legal 
guardian for the use of the patient’s information 
in the publication.

Discussion

To our knowledge, this case represents the first 
reported patient in Türkiye with a single CFTR 
variant and no clear modulator eligibility, who 
responded well to ETI treatment. In our patient, 
the detection of only a single pathogenic 
variant, with the second variant not identified 
by MLPA or WES, precluded the initiation 
of modulator therapy. We presume that the 
treatment response may be attributable to the 
unidentified variant; however, as this could not 
be genetically confirmed, a formal eligibility 
assessment for the therapy could not be 
performed.

Table I. Clinical and laboratory findings at the beginning, the first month and the sixth months of therapy.
Parameter Pre-treatment First month of treatment Sixth month of treatment 
Weight 27.5 kg (SDS: -0.39) 30 kg (SDS: -0.07) 32 kg (SDS: -0,76)
BMI  14.98 kg/m2 

(SDS: -0,77)
15.05 kg/m2 
(SDS: -0,89)

16.1 kg/m2 
(SDS: -0,83)

FVC 76% 85% 81%
FEV1 72% 84% 82%
FEV1/FVC 96% 98% 99%
FEF25-75 72% 106% 87%
PEF 90% 91% 72%
Sweat chloride (mEq/L)  83.3 9          -
6MWT 330 m 498 m          -
Number of pulmonary exacerbations > 3/yr None None
6MWT: six-minute walking test; BMI: body mass index; FEF 25-75: forced expiratory flow between 25% and 75% of forced 
vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; FEV1/FVC: forced expiratory volume 
in 1 second to forced vital capacity ratio; PEF: peak expiratory flow.
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Due to the premature termination codon, 
CF patients harboring the W1282X mutation 
typically exhibit severe disease, with early 
chronic infections, pancreatic insufficiency, 
poor growth, impaired lung function, and early 
bronchiectasis.8

CFTR modulator drugs are classified as 
potentiators or correctors; potentiators 
enhance channel opening, and correctors 
improve cellular processing and trafficking.3 
Clinical trials have demonstrated significant 
benefits of ETI in BMI, lung function, sweat 
chloride reduction, and decreased infections.9,10 
However, not all patients harbor mutations 
eligible for modulator therapy. A recent Turkish 
national registry study found that 57.2% of CF 
patients were eligible for modulators.11

For patients without clearly identified variants, 
organoid assays may help predict modulator 
responsiveness.12 Unfortunately, such testing 
is not yet available in Türkiye. Experimental 
studies in mice suggest variable responses 
to modulators among rare mutations, with 
W1282X showing relatively better response 
than others.13

Premature termination codon mutations, such 
as W1282X, currently lack effective RNA-
targeted therapies.14 Nonsense-mediated 
mRNA decay (NMD) further limits the response 
to CFTR modulators by degrading the truncated 
protein. Experimental approaches have 
demonstrated that selective inhibition of NMD 
can partially restore protein function when 
combined with modulator therapy, offering a 
potential adjunctive strategy; however, due to 
the essential roles of NMD in normal cellular 
processes, precise targeting is required.8,15

In their experimental study, Haggie et al. 
demonstrated that treatment responsiveness 
could be achieved in W1282X variants using 
one corrector and two potentiators, and 
suggested that the currently available triple 
combination, containing two correctors and one 
potentiator, may be suboptimal in such cases.16 
In our patient, although the specific variant 

typically associated with responsiveness to 
the standard combination was not identified, 
a clear clinical benefit was achieved with the 
two-corrector/one-potentiator regimen. We 
believe that this response may be attributable 
to an unidentified second pathogenic variant. 
Clinical data also support modulator benefits in 
patients with rare or unidentified variants, even 
when organoid results are inconclusive.17 Thus, 
clinical response remains the most reliable 
indicator for continuing treatment.

Conclusion

CF is a multisystem disease and genetic 
characterization is essential for modulator 
therapy eligibility, but some patients remain 
without identified variants. Early initiation 
of modulator therapy is vital for improving 
quality of life and preventing complications. 
New pathogenic variants are increasingly 
being recognized. In patients lacking genetic 
eligibility in whom organoid studies cannot be 
performed, assessment of short-term modulator 
response may provide guidance for treatment 
continuation based on clinical outcomes. 
Treatment options aimed at improving quality 
of life in chronic diseases should always be 
thoroughly evaluated, with individualized 
consideration given to each patient’s unique 
circumstances.
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