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Cystic fibrosis

Autosomal recessive
Mutations in the CFTR gene >2000 mutations
7500 patients in France; 32000 in the US
Over 100,000 patients worldwide

9 transplant 
centers
• Foch
• Bichat
• Toulouse
• Bordeaux
• Nantes
• Lyon
• Grenoble
• Marseille
• Strasbourg

CF centres in France

Diabetes



Cystic fibrosis: diffuse bronchiectasis



Cystic fibrosis and the lung: mucus and airway infection

Burgel PR et al Thorax 2007; 62: 153-161
Greally et al CMRO 2012; 28: 1059–1067
Stoltz DA; Sci Transl Med. 2010; 2(29): 29-31
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Cystic fibrosis: median 
age of survival vs. 
treatment

• Clancy & Jain, AJRCCM 
2012;186:593-7



Transplantation for 
cystic fibrosis in France

Approximately 30% of all lung 
transplantations until 2019

1st or 2nd cause of lung 
transplantation



CF demography has changed over the past 30 years
From a pediatric to a pediatric and adult disease

1989

2009

French CF population from 1992 to 2020



Agenda

Cystic fibrosis

Diagnosis

Therapeutic revolution



Criteria for a diagnosis of cystic fibrosis

Archives de Pédiatrie 27 (2020) eS25–eS29



Sweat test and CFTR mutations

Archives de Pédiatrie 27 (2020) eS25–eS29
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What’s next?



CFTR modulators

Fiedorczuk et al., Science 378, 284–290 (2022)



F508del
N1303K

G551D
G178R
S549N
S549R

G551S
G1244E
G1349D
S1251N
S1255P

R117H
R334W
R347P

G542X
W1282X

dele2,3(21 kb)

3849+10kbC→T
2789+5G→A

A455E

Class I

No stable RNA

Class II

Trafficking
defects

Defective
regulation

Class III Class IV

Decreased
conductance

Class V

Reduced amount

Normal

Endoplasmic
reticulum

Golgi

Nucleus

CFTR protein

CFTR Mutations: classification and effects on CFTR protein localization and function

% of people with CF 
who have at least one 
mutation in that class

22% 88% 6% 5% 5%



No CFTR 

modulator

IVA

2011

Proportion of the French CF population aged 12 years and older 
eligible to CFTR modulator therapy between 2011 and 2023

Regard L et al. Cells 2022, 11, 1769

G551D
Gating mutations



Effects of ivacaftor in CF adolescents and adults with a G551D CFTR mutation

Ramsey & al, N Engl J Med 2011;365:1663-72, Davies et al, AJRCCM 2013; 187:1217-25

P<0.0001

P<0.0001



No CFTR 

modulator

IVA IVA

No CFTR 

modulator

LUM/IVA

2011 2015

Proportion of the French CF population aged 12 years and older 
eligible to CFTR modulator therapy between 2011 and 2023

Regard L et al. Cells 2022, 11, 1769

G551D
Gating mutations

G551D
Gating mutations
F508del/F508del



Effects of Lumacaftor-Ivacaftor in adolescents and adults homozygous for F508del 

July 2015: FDA approval and Nov 2015: EMA approval of Orkambi™ to treat F508del/F508del CF patients aged 12 and older



No CFTR 

modulator

IVA IVA

No CFTR 

modulator

LUM/IVA ELX/TEZ/IVA

No CFTR 

modulator

IVA

2011 2015 2021

Proportion of the French CF population aged 12 years and older 
eligible to CFTR modulator therapy between 2011 and 2023

Regard L et al. Cells 2022, 11, 1769. https://doi.org/10.3390/cells11111769

G551D
Gating mutations

G551D
Gating mutations
F508del/F508del

G551D
Gating mutations

F508del/any



N Engl J Med 2019;381:1809-19.

12 years and older
ppFEV1 40-90%

6 months

FEV1FEV1

Exacerbations



American Journal of Respiratory and Critical Care Medicine 

Volume 203 Number 3 | February 1 2021

Griese M et al.

12 years and older, ppFEV1 40-90%
24 to 36 weeks

FEV1 FEV1

Sweat 
test

Sweat 
test

BMI BMI

CFQ-RCFQ-R



Am J Respir Crit Care Med Vol 204, Iss 1, pp 64–73, Jul 1, 2021

12 years and older
ppFEV1<40



Martin et al. J Cyst Fibrosis 2022; 21(3):489-496

Effects of 12 months of ELX-TEZ-IVA in lung transplant candidates

FEV1FEV1

BMI Exacerbations



Burgel et al. AJRCCM 2021; doi: 10.1164/rccm.202011-4153OC

Rapid improvement after starting elexacaftor-tezacaftor-ivacaftor in 
patients with cystic fibrosis and advanced pulmonary disease 

Discontinuation of selected therapies



Initiation
n=63

M1
n=63

M6
n=57

M12
n=50

M3
n=60

N
u

m
b

e
r 

o
f 

p
at

ie
n

ts

74.6%

25.4%
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11.1%

11.1%

88.3%

3.3%

8.3%

91.2%

8.8%

96.0%

4.0%

0

35

70 On transplant list
Considered for lung transplantation
No longer meeting transplantation criteria

Effects of 12 months of ELX-TEZ-IVA in lung transplant candidates

Transplant 
listing status

Possible to safely
delay lung

transplantation

Martin et al. J Cyst Fibrosis 2022; 21(3):489-496



Major decrease in lung transplantation
in patients with CF  in France
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Cystic fibrosisOther diseasesTransplant indication

Cystic fibrosis

Other diseases

Martin C et al. Am J Respir Crit Care Med 2022; 205(5):584-586



Burgel et al. Eur Respir J 2023; in press 

(https://doi.org/10.1183/13993003.02437-2022). 

15% of patients with Cystic fibrosis have no F508del mutation
84 patients tested: 55% have positive response to ELX-TEZ-IVA

Sweat test FEV1

After
4-6 weeks



Conclusion

• CF has changed over the past 50 years due 
to better care

• In the past 3 years: elexacaftor-tezacaftor-
ivacaftor
• Rapid improvement in symptoms/lung

function/weight gain/lung transplantation

• Elexacaftor-tezacaftor-ivacaftor:
• ~85 % of pwCF with at least one F508del mutation

• 15 % not eligible no F508del mutation:
• Half respond to elexacaftor-tezacaftor-ivacaftor

• Half will need newer therapeutic advance

• High (unjustified!) cost: 150,000 $ /patient/year

• Manufacturing cost: 5,000$/patient/year



What patients say
following initiation of elexacaftor- tezacaftor-ivacaftor

Martin C, Burnet E et al. Respir Med Res 2021 https://doi.org/10.1016/j.resmer.2021.100829 





Proportion of adults in 
the CF population: 
relation with health 
expenditure per capita

Burgel et al. Chest 2022, 
https://doi.org/10.1016/j.chest.2022.07.004
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