
358 
 

Chojęta Dariusz, Mierzwa Monika, Wróblewski Hubert, Zimna Aleksandra, Zygmunt Ewelina, Kozłowska Anna, Łysiak Katarzyna. 

Modulators of CFTR protein function in the treatment of cystic fibrosis - a literature review. Journal of Education, Health and Sport. 

2022;12(8):358-365. eISSN 2391-8306. DOI http://dx.doi.org/10.12775/JEHS.2022.12.08.037 

https://apcz.umk.pl/JEHS/article/view/JEHS.2022.12.08.037 

https://zenodo.org/record/6976132 

 

 

 

 

 
The journal has had 40 points in Ministry of Education and Science of Poland parametric evaluation. Annex to the announcement of the Minister of Education and Science of December 21, 2021. No. The journal 

has had 40 points in Ministry of Education and Science of Poland parametric evaluation. Annex to the announcement of the Minister of Education and Science of December 21, 2021. No. 32343. 
Has a Journal's Unique Identifier: 201159. Scientific disciplines assigned: Physical Culture Sciences (Field of Medical sciences and health sciences); Health Sciences (Field of Medical Sciences and Health Sciences). 

 

Punkty Ministerialne z 2019 - aktualny rok 40 punktów. Załącznik do komunikatu Ministra Edukacji i Nauki z dnia 21 grudnia 2021 r. Lp. 32343. Posiada Unikatowy Identyfikator Czasopisma: 201159. 
Przypisane dyscypliny naukowe: Nauki o kulturze fizycznej (Dziedzina nauk medycznych i nauk o zdrowiu); Nauki o zdrowiu (Dziedzina nauk medycznych i nauk o zdrowiu). 

 

© The Authors 2022; 
This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland 

Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, 

provided the original author (s) and source are credited. This is an open access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike. 
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

The authors declare that there is no conflict of interests regarding the publication of this paper. 
 

Received: 01.08.2022. Revised: 07.09.2022. Accepted: 09.08.2022. 

 

 

 

 

 

Modulators of CFTR protein function in the treatment of cystic fibrosis - a 

literature review 

Dariusz Chojęta, Monika Mierzwa, Hubert Wróblewski, Aleksandra Zimna, Ewelina Zygmunt, Anna 

Kozłowska, Katarzyna Łysiak 

Faculty of Medicine, Medical University of Lublin 

ORCID ID and emails: 

Dariusz Chojęta: https://orcid.org/0000-0002-6474-854X; dariusz.chojeta@gmail.com 

Monika Mierzwa: https://orcid.org/0000-0002-6418-7535; akinom142@gmail.com 

Hubert Wróblewski: https://orcid.org/0000-0002-1666-1650; hwwroblewski@gmail.com 

Aleksandra Zimna: https://orcid.org/0000-0002-8712-3497; aleksandra_zimna97@wp.pl 

Ewelina Zygmunt: https://orcid.org/0000-0002-3724-2164; ewelinazygmunt26@gmail.com 

Anna Kozłowska: https://orcid.org/0000-0001-6719-9331; aniakozlowska6@o2.pl 

Katarzyna Łysiak: https://orcid.org/0000-0001-9112-8832; kas.lysiak@gmail.com 

Abstract 

 Cystic fibrosis (CF) is a multi-system genetic disease with an autosomal recessive 

inheritance mechanism. The breakthroughs in the therapy of patients with CF turned out to be 

modulators of CFTR protein function. These small-molecule substances, influencing the basic 

pathogenetic defect, became a model example of precise targeted therapy, thus showing a 

significant advantage over symptomatic treatment. For modulators of CFTR protein function, 

numerous therapeutic benefits have been demonstrated with an acceptable safety profile - 

improved lung function and reduced frequency of pulmonary exacerbations, reduced 

hospitalization rate, and disease-related improvement in quality of life. The use of these drugs 

changes the perception of CF from a fatal pediatric disease significantly shortening the life 

expectancy of patients into a chronic disease in young adults. The subject of further research 

interest is the development of alternative therapeutic strategies based on new modulators and 

gene therapy. The publication is a review of the literature and summarizes the current scientific 

reports on the effectiveness of the use of modulators of CFTR protein function in the treatment 

of cystic fibrosis. 
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1. Introduction 

 Cystic fibrosis (CF) is a multi-system disease with a wide symptomatology. The 

symptoms of the disease most often concern the respiratory and digestive systems. Due to its 

chronicity and mortality, CF is a serious public health problem. It causes a significant 

deterioration in the quality of life, and patients have a significantly shorter life expectancy 

compared to the healthy population [1]. The pathogenesis of cystic fibrosis relates to the CFTR 

(cystic fibrosis transmembrane conductance regulator) membrane protein. Mutations in the 

protein coding gene lead to the dysfunction of its work. The latest therapeutic options in the 

treatment of CF aim to improve the function of CFTR protein [2]. 

 The aim of the study was to present the efficacy and safety of new therapeutic strategies 

in the treatment of CF - modulators of CFTR protein function. The article was created as a 

review of the literature available in the Google Scholar and PubMed databases. The search 

terms included: "cystic fibrosis treatment", "cystic fibrosis modulators of CFTR protein 

function", "cystic fibrosis ivacaftor / tezacaftor / lumacaftor", "cystic fibrosis gene therapy". 

2. CFTR protein 

 CF is a genetically determined disease with autosomal recessive inheritance. The CFTR 

protein is a chloride channel and modulator of the functions of other transport proteins 

(indirectly influencing the transport of sodium ions and bicarbonates through cell membranes). 

As a result of the dysfunction, the transport of chlorine is disturbed at the cellular level (high 

chloride concentration in sweat is used in the diagnosis of CF) and the hydration of gland 

secretions in the respiratory tract or the gastrointestinal tract is reduced [3].  The most 

common mutation in the CFTR gene is Phe508del (deletion of phenylalanine at position 508), 

and there are over 2000 mutations described at the moment [4,5]. The degree of preservation 

of the CFTR protein function depends on the type of mutation (genotype), which in turn 

translates into the severity of disease symptoms (phenotype) [6]. CFTR gene mutations have 

been grouped into 6 main classes depending on the type of defect they cause [7]: 

• Class I - defective synthesis resulting in the formation of a truncated, immature protein; 

examples of mutations are G542X, R553X and W1282X; 

• Class II - defective process of maturation and post-translational processing of the protein 

with its subsequent rapid degradation; mutations Phe508del, N1303K and G85E; 

• Class III - chloride channel gate opening defect in response to cAMP stimulation; 

mutations G551D, V530F and S549R; 

• Class IV - defect in the pore structure of the channel and the conductivity of chloride 

ions through the open pores; mutations R117H, R334W and S1235R; 

• Class V - errors during transcription and assembly in the cell nucleus, affecting mRNA 

stability; mutations A455E, c.1680-886A>G and c.2657+5G>A; 

• Class VI - instability of the fully functional CFTR protein, faster cell turnover and 

shortened half-life of protein molecules; mutations Q1412X, rescued Phe508del. 

3. Modulators of CFTR protein function 

 Targeted therapy in the treatment of CF aims to improve the function of the CFTR 

protein. This is possible thanks to the use of small-molecule substances that interact at the 

molecular and cellular level, which translates into an effect in the form of therapeutic benefits 
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and reducing the symptoms of the disease. The basic classification of modulators of CFTR 

protein function includes: 

• Potentiators (ivacaftor) - increase the level of activity and transport of chlorides through 

the CFTR protein [3,8], improves the defect of class III and IV mutations [7]; 

• Correctors (lumacaftor, tezacaftor, elexacaftor) - affect the structure and increase the 

transport of CFTR protein molecules to the cell membrane surface [3,8], improve the 

class II mutation defect [7]. 

 Many substances and their combinations are still under research, and drugs approved 

for clinical use by the US Food and Drug Administration (FDA) are summarized in Table 1. 

 

 Date of 

approval for 

clinical use by 

the FDA 

Patient's age 

qualifying for 

therapy 

Typ 

modulatora 

funkcji białka 

CFTR 

Types of mutations qualifying 

for therapy 

Ivacaftor 2012 4 months and 

older 

Potentiator At least one class III mutation 

(G551D or other less frequent 

mutation) or class IV 

mutation (R117H) 

Ivacaftor + 

Lumacaftor 

2015 2 years and 

older 

Combination 

(potentiator + 

corrector) 

Homozygous for Phe508del 

Ivacaftor + 

Tezacaftor 

2018 6 years and 

older 

Combination 

(potentiator + 

corrector) 

Homozygous Phe508del or 

heterozygous Phe508del and 

at least one of the other 

specific mutations 

Ivacaftor + 

Tezavaftor + 

Elexacaftor 

2019 6 years and 

older 

Combination 

(potentiator + 

2 correctors) 

At least one copy of the 

Phe508del mutation 

(homozygotes and 

heterozygotes) or at least one 

of the other specific 

mutations 

Table 1. Modulators of CFTR protein function [based on: 3,9-13] 

 It is worth noting that drugs have indicated specific types of CFTR gene mutations 

qualifying for therapy. Therefore, before starting targeted therapy, genotyping is necessary [9, 

14]. Due to the mutation frequency, it is estimated that the carriers of the G551D mutation 

constitute about 5% of patients population, 90% of patients have at least one mutation in the 

Phe508del gene (homozygotes + heterozygotes), while Phe508del homozygotes constitute 50% 

of patients [6]. It is estimated that the percentage of people with CF who do not currently qualify 

for targeted treatment due to the type of mutation they have is about 10% [15]. In this group of 

patients, alternative therapeutic strategies are sought: new modulators of the CFTR protein 

function, gene therapies modifying the function of other genes influencing the expression of 

the CFTR gene [15-19], genetic material vectors that can supply the cells with the correct CFTR 
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gene [20] or modulators of the functions of alternative ion channels indirectly influencing the 

function of the chloride channel of the CFTR protein [3,16,19]. 

4. Results of CF treatment with modulators of CFTR protein function 

The therapeutic benefits of using targeted therapies based on modulators of CFTR 

protein function in the treatment of CF are summarized in Table 2. It is worth noting that due 

to the frequent manifestation of CF from the respiratory system, scientists notice a particularly 

positive effect of modulators on lung function and improving the quality of life of patients. On 

the other hand, the scientific evidence for the effect on weight gain or the improvement of 

pancreatic function seems to be of low quality, due to the small amount of research and the 

small size of the groups of patients studied. It is emphasized that modulators of CFTR protein 

function show the most therapeutic benefit if therapy is started early enough in patients without 

advanced lung disease. It is predicted that this approach may inhibit the progression of 

pulmonary disease, reduce the rate of pulmonary exacerbations, reduce mortality and extend 

the median age of life [21,22]. 

 Therapeutic benefits common 

to all drugs 

Drug-specific therapeutic 

benefits 

Ivacaftor 1. Improved lung function - an 

increase in the predicted FEV1 

value: about 3-4 percentage 

points for ivacaftor [3] and 

ivafactor + lumacaftor [11], 

about 4-6 percentage points 

for ivacaftor + tezacaftor [12, 

23-24], about 10-13 

percentage points for ivacaftor 

+ tezacaftor + elexacaftor [25-

27], 

2. Reduction in the frequency 

of pulmonary exacerbations 

[3,11,12,26], 

3. Reduction of chloride ion 

concentration in sweat 

[8,9,13,24,26-28], 

4. Improvement of the quality 

of life associated with the 

symptoms of CF [13,25-

27,29]. 

1. Reducing the frequency of 

hospitalizations [30,31], 

2. Weight gain (BMI increase) 

[31-33], 

3. Reduction in the frequency 

of recurrent pancreatitis in 

patients with a history of 

recurrent pancreatitis [34], 

4. Improvement of glucose 

tolerance in the group of 

patients with cystic fibrosis-

related diabetes [35]. 

Ivacaftor + Lumacaftor 1. Improvement of glucose 

tolerance assessed by oral 

glucose tolerance test in a 

group of patients with 

impaired glucose tolerance 

and cystic fibrosis-related 

diabetes [36]. 

Ivacaftor + Tezacaftor  

Ivacaftor + Tezacaftor + 

Elexacaftor 

1. Weight gain (BMI increase) 

[27,33]. 

Table 2. Results of CF treatment with modulators of CFTR protein function. (CF – cystic fibrosis; 

FEV1 - forced expiratory volume in one second; BMI – body mass index) 
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Current scientific evidence suggests that modulators of CFTR protein function are 

unable to eliminate airway colonization by pathogens in patients with advanced lung disease 

[37,38]. This seems to be an important observation considering that patients often have 

symptoms of infection and chronic inflammation of the airways, and most people with cystic 

fibrosis die of advanced lung disease [38]. For this reason, the prevention of infections and the 

use of antimicrobial agents should be a necessary complement to the therapy using modulators 

of CFTR protein function. 

Clinically approved modulators of CFTR protein function have a favorable safety 

profile. The most frequently reported adverse events are mild to moderate in severity and do 

not require treatment discontinuation in most cases [39]. The most common pulmonary adverse 

events reported by patients during treatment were upper respiratory tract infections, cough and 

expectoration difficulty and pain in the paranasal sinuses. The extrapulmonary adverse events 

included headache, diarrhea, rash, and increased blood levels of liver enzymes [39]. 

The relatively recent approval of modulators of CFTR protein function for clinical use 

(since 2012) makes it difficult to assess their impact on life expectancy of patients [22]. Studies 

based on simulation methods in patients treated with ivacaftor and lumacaftor predict an 

increase in the median survival age by 6.1 years [40]. The current trend of reducing mortality 

and extending the life span results from such interventions as early diagnosis based on common 

screening of newborns and early initiation of effective symptomatic treatment [4,9,41]. 

Additionally, it can be assumed that in the next few years this trend will be further strengthened 

thanks to the use of modulators of CFTR protein function in therapy. At the same time, it is 

worth noting that prolonged life expectancy may carry the risk of a higher incidence of 

complications and comorbidities in patients with CF and diseases resulting from the aging 

process, which have not been a significant problem in this group of patients so far [41,42]. 

5. Conclusions 

 The progress of medicine in the diagnosis and treatment of CF since the discovery of 

the CFTR gene can be described as very significant. CF, from an epidemiological point of view, 

can therefore be perceived not only as a pediatric disease, but also mainly affecting young 

adults. Extending the life span of patients in recent years and improving their quality of life in 

many countries around the world has become possible thanks to screening newborns and the 

early initiation of symptomatic treatment. Based on the available scientific data, modulators of 

CFTR protein function can be considered as an effective and safe targeted therapy adapted to 

the patient's genotype. The therapeutic benefits of these drugs are improved lung function and 

reduced frequency of pulmonary exacerbations, reduced hospitalization rates, and improved 

disease-related quality of life. In the group of patients ineligible due to their type of mutation, 

alternative therapeutic strategies are sought, such as gene therapies or modulators of the 

functions of other ion channels. 

References 

1. Elborn JS. Cystic Fibrosis. Lancet. 2016; 388: 2519-2531. 

2. Clancy JP. Rapid therapeutic advances in CFTR modulator science. Pediatric Pulmonology. 

2018;53(S3): S4-S11. 

3. Gentzsch M, Mall MA. Ion channel modulators in cystic fibrosis. Chest. 2018; 154(2): 383-393. 

4. De Boeck K. Cystic fibrosis in the year 2020: A disease with a new face. Acta paediatrica. 

2020;109(5): 893-899. 

5. Férec C, Scotet V. Genetics of cystic fibrosis: Basics. Archives de Pédiatrie. 2020; 27: eS4-eS7. 



363 
 

6. Chaudary N. Triplet CFTR modulators: future prospects for treatment of cystic fibrosis. 

Therapeutics and clinical risk management. 2018; 14: 2375-2383. 

7. Harutyunyan M, Huang Y, Mun KS, Yang F, Arora K, Naren AP. Personalized medicine in CF: 

from modulator development to therapy for cystic fibrosis patients with rare CFTR mutations. 

American Journal of Physiology-Lung Cellular and Molecular Physiology. 2018; 314(4): 529-543. 

8. Connett GJ. Lumacaftor-ivacaftor in the treatment of cystic fibrosis: Design, development and place 

in therapy. Drug Design, Development and Therapy. 2019; 13: 2405-2412. 

9. Scotet V, L’hostis C, Férec C. The changing epidemiology of cystic fibrosis: incidence, survival 

and impact of the CFTR gene discovery. Genes. 2020; 11(6): 589. 

10. Accurso FJ, Rowe SM, Clancy JP, Boyle MP, Dunitz JM, Durie PR, et al. Effect of VX-770 in 

persons with cystic fibrosis and the G551D-CFTR mutation. New England Journal of Medicine. 

2010; 363(21): 1991-2003. 

11. Wainwright CE, Elborn JS, Ramsey BW, Marigowda G, Huang X, Cipolli M, et al. Lumacaftor–

ivacaftor in patients with cystic fibrosis homozygous for Phe508del CFTR. New England Journal 

of Medicine. 2015; 373(3): 220-231. 

12. Taylor-Cousar JL, Munck A, McKone EF, Van Der Ent CK, Moeller A, Simard C, et al. Tezacaftor–

ivacaftor in patients with cystic fibrosis homozygous for Phe508del. New england journal of 

medicine. 2017; 377(21): 2013-2023. 

13. Heijerman HG, McKone EF, Downey DG, Van Braeckel E, Rowe SM, Tullis E, 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. The 

Lancet. 2019; 394(10212): 1940-1948. 

14. Wiencek JR, Lo SF. Advances in the diagnosis and management of cystic fibrosis in the genomic 

era. Clinical chemistry. 2018; 64(6): 898-908. 

15. Yan Z, McCray Jr PB, Engelhardt JF. Advances in gene therapy for cystic fibrosis lung disease. 

Human molecular genetics. 2019; 28(R1): R88-R94. 

16. Almughem FA, Aldossary AM, Tawfik EA, Alomary MN, Alharbi WS, Alshahrani MY, Alshehri 

AA. Cystic fibrosis: overview of the current development trends and innovative therapeutic 

strategies. Pharmaceutics. 2020; 12(7): 616. 

17. Cabrini G. Innovative therapies for cystic fibrosis: the road from treatment to cure. Molecular 

diagnosis & therapy. 2019; 23(2): 263-279. 

18. Drevinek P, Pressler T, Cipolli M, De Boeck K, Schwarz C, Bouisset F, et al. Antisense 

oligonucleotide eluforsen is safe and improves respiratory symptoms in F508DEL cystic fibrosis. 

Journal of Cystic Fibrosis. 2020;19(1): 99-107.  

19. Laselva O, Guerra L, Castellani S, Favia M, Di Gioia S, Conese M. Small-molecule drugs for cystic 

fibrosis: Where are we now?. Pulmonary Pharmacology & Therapeutics. 2022; 72: 102098.  

20. Marquez Loza LI, Yuen EC, McCray Jr PB. Lentiviral vectors for the treatment and prevention of 

cystic fibrosis lung disease. Genes. 2019; 10(3): 218. 

21. Stanojevic S, Vukovojac K, Sykes J, Ratjen F, Tullis E, Stephenson AL. Projecting the impact of 

delayed access to elexacaftor/tezacaftor/ivacaftor for people with cystic fibrosis. Journal of Cystic 

Fibrosis. 2021; 20(2): 243-249. 

22. Balfour-Lynn IM, King JA. CFTR modulator therapies–Effect on life expectancy in people with 

cystic fibrosis. Paediatric respiratory reviews. 2022; 42: 3-8. 

23. Rowe SM, Daines C, Ringshausen FC, Kerem E, Wilson J, Tullis E, et al. Tezacaftor–ivacaftor in 

residual-function heterozygotes with cystic fibrosis. New England Journal of Medicine. 2017; 

377(21): 2024-2035. 



364 
 

24. Donaldson SH, Pilewski JM, Griese M, Cooke J, Viswanathan L, Tullis E, et al. Tezacaftor/ivacaftor 

in subjects with cystic fibrosis and F508del/F508del-CFTR or F508del/G551D-CFTR. American 

journal of respiratory and critical care medicine. 2018; 197(2), 214-224. 

25. DiMango E, Spielman DB, Overdevest J, Keating C, Francis SF, Dansky D, Gudis DA. Effect of 

highly effective modulator therapy on quality of life in adults with cystic fibrosis. International 

forum of allergy & rhinology. 2021; 11(1): 75-78. 

26. Middleton PG, Mall MA, Dřevínek P, Lands LC, McKone EF, Polineni D, et al. Elexacaftor–

tezacaftor–ivacaftor for cystic fibrosis with a single Phe508del allele. New England Journal of 

Medicine. 2019; 381(19): 1809-1819.  

27. Nichols DP, Paynter AC, Heltshe SL, Donaldson SH, Frederick CA, Freedman SD, et al. Clinical 

effectiveness of elexacaftor/tezacaftor/ivacaftor in people with cystic fibrosis: a clinical trial. 

American Journal of Respiratory and Critical Care Medicine. 2022; 205(5): 529-539. 

28. Graeber SY, Dopfer C, Naehrlich L, Gyulumyan L, Scheuermann H, Hirtz S, et al. Effects of 

lumacaftor–ivacaftor therapy on cystic fibrosis transmembrane conductance regulator function in 

Phe508del homozygous patients with cystic fibrosis. American journal of respiratory and critical 

care medicine. 2018; 197(11): 1433-1442. 

29. McCormick J, Cho DY, Lampkin B, Richman J, Hathorne H, Rowe SM, Woodworth BA. Ivacaftor 

improves rhinologic, psychologic, and sleep‐related quality of life in G551D cystic fibrosis patients. 

International forum of allergy & rhinology. 2019; 9(3): 292-297. 

30. Feng LB, Grosse SD, Green RF, Fink AK, Sawicki GS. Precision medicine in action: the impact of 

ivacaftor on cystic fibrosis–related hospitalizations. Health Affairs. 2018; 37(5), 773-779. 

31. Volkova N, Moy K, Evans J, Campbell D, Tian S, Simard C, et al. Disease progression in patients 

with cystic fibrosis treated with ivacaftor: data from national US and UK registries. Journal of Cystic 

Fibrosis. 2020; 19(1): 68-79. 

32. Stallings VA, Sainath N, Oberle M, Bertolaso C, Schall JI. Energy balance and mechanisms of 

weight gain with ivacaftor treatment of cystic fibrosis gating mutations. The Journal of pediatrics. 

2018; 201: 229-237. 

33. Bailey J, Rozga M, McDonald CM, Bowser EK, Farnham K, Mangus M, et al. Effect of CFTR 

modulators on anthropometric parameters in individuals with cystic fibrosis: an evidence analysis 

center systematic review. Journal of the Academy of Nutrition and Dietetics. 2021; 121(7): 1364-

1378. 

34. Carrion A, Borowitz DS, Freedman SD, Siracusa CM, Goralski JL, Hadjiliadis D, et al. Reduction 

of recurrence risk of pancreatitis in cystic fibrosis with ivacaftor: case series. Journal of Pediatric 

Gastroenterology and Nutrition. 2018; 66(3): 451-454.  

35. Gaines H, Jones KR, Lim J, Medhi NF, Chen S, Scofield RH. Effect of CFTR modulator therapy 

on cystic fibrosis-related diabetes. Journal of Diabetes and its Complications. 2021; 35(6): 107845. 

36. Misgault B, Chatron E, Reynaud Q, Touzet S, Abely M, Melly L, et al. Effect of one-year 

lumacaftor–ivacaftor treatment on glucose tolerance abnormalities in cystic fibrosis patients. 

Journal of Cystic Fibrosis. 2020; 19(5): 712-716. 

37. Harris JK, Wagner BD, Zemanick ET, Robertson CE, Stevens MJ, Heltshe SL, et al. Changes in 

airway microbiome and inflammation with ivacaftor treatment in patients with cystic fibrosis and 

the G551D mutation. Annals of the American Thoracic Society. 2020; 17(2): 212-220.  

38. Harvey C, Weldon S, Elborn S, Downey DG, Taggart C. The Effect of CFTR Modulators on Airway 

Infection in Cystic Fibrosis. International Journal of Molecular Sciences. 2022; 23(7): 3513. 

39. Gramegna A, Contarini M, Aliberti S, Casciaro R, Blasi F, Castellani C. From ivacaftor to triple 

combination: a systematic review of efficacy and safety of CFTR modulators in people with cystic 

fibrosis. International Journal of Molecular Sciences. 2020; 21(16): 5882. 



365 
 

40. Rubin JL, O’Callaghan L, Pelligra C, Konstan MW, Ward A, Ishak JK, et al. Modeling long-term 

health outcomes of patients with cystic fibrosis homozygous for F508del-CFTR treated with 

lumacaftor/ivacaftor. Therapeutic advances in respiratory disease. 2019; 13: 1-23. 

41. Bell SC, Mall MA, Gutierrez H, Macek M, Madge S, Davies JC, et al. The future of cystic fibrosis 

care: a global perspective. The Lancet Respiratory Medicine. 2020; 8(1): 65-124. 

42. Regard L, Lafoeste H, Martin C, Chassagnon G, Burgel PR. Ageing with cystic fibrosis: classical 

and emerging comorbidities in adults with cystic fibrosis. Revue de Pneumologie Clinique. 2018; 

74(5): 279-291. 


