
Die neuen CFTR Modulatoren 
Durchbruch in der CF-Therapie?

Pediatric pulmonology

Prof. Dr. med. Alexander Moeller
Leiter Pädiatrische Pneumologie

und CF Zentrum



Inhalt

i. Hintergrund: vom Gen zur Krankheit

ii. Therapie bisher

iii. Resultate der wichtigen Studien zu CFTR Modulator-Therapien

iv. Eigene Erfahrungen und persönliche Beurteilung



Atemwege und Atemwegsreinigung



Atemwege und Atemwegsreinigung



Atemwege und Atemwegsreinigung



Atemwegs-Reinigung

Ciliäre-Funktion Husten-Funktion

Schleim-Funktion
Lungenfunktion

Fluss
(l/s)

Volumen (l)

PEF
MEF75

MEF50

MEF25

Exspiration

Inspiration

50 25 0%75100

Mechanismen der Atemwegsreinigung: wenn alles gut läuft



Zäher Schleim 
(Cystische Fibrose

Ziliendyskinesie

Bronchiektasie

Schwacher 
Hustenstoss

(Muskelkrankheiten)
Unkoordinierter 

Hustenstoss
(Hirnerkrankungen

Atemwegs-
Obstruktion

Mechanismen der Atemwegsreinigung: wenn etwas falsch 
läuft



Flüssigkeitsregulation durch den CFTR Kanal

Cystic Fibrosis Transmembrane Conductance Regulator



7 q31.2
230 Kb
27 Exons

6.5kB

1480 AS

F508del

http://www.cftr2.org/browse.php

CFTR Kanal: vom Gen zur Krankheit



ATP

Cl-

Na+

Cl-

ATP PKA

cAMP

CFTR Kanal: vom Gen zur Krankheit
CFTR: normal



Cl-

Na+

Cl-

Nonsense
§ G542X
§ Frameshift 

394delTT
§ Splice junction 

1717-1-A

CFTR Kanal: vom Gen zur Krankheit

CFTR: Klasse 1 Mutationen



Cl-
Cl-

Na+

Missense
§ AA Deletion 

dF508

Hsp70
Proteasom

CFTR Kanal: vom Gen zur Krankheit
CFTR: Klasse 2 Mutationen



Cl-

Na+

Cl-

Missense
§ G551D

CFTR Kanal: vom Gen zur Krankheit
CFTR: Klasse 3 Mutationen



Castellani C. J Cystic Fibrosis 7 (2008) 179–196

CFTR Kanal: vom Gen zur Krankheit
≈ 2000 CFTR Mutationen und Regionale Verteilung
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CF Therapie heute

– Mucus Clearance
– Atemphysiotherapie

– Position
– Ball / Trampolin
– Stretching
– Perzeption

– PEP
– Flutter
– Autogene Drainage

– “selective breathing”
– Inhalation
– Sport
– Sauerstoff



– Pancreas Enzyme
– Vitamin-Supplementation

– AquADEK’s usw
– Antibiotika
– Gallensäurebinder
– Kalcium Supplementation
– Bisphosphonate
– Systemische Steroide
– Anti-inflammatorische Therapie
– Antifungale Therapie
– Insulin 
– Anti-IgE (Xolair®)
– Sauerstoff
– Künstliche Ernährung

CF Therapie heute
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KIWI und KLIMB Studie Kinder 2-5 Jahre mit der Gating Mutation G551D

CFTR Modulatoren
Potentiator: Ivacaftor (Kalydeco

®
)

Werte >200ug/g
= normale 
Pankreasfunktion

Rosenfeld et al., J Cyst Fibros 2019



ARRIVAL Studie Kinder < 2 Jahre mit der Gating Mutation G551D

CFTR Modulatoren

Potentiator: Ivacaftor (Kalydeco
®
)

Stärkerer Effekt auf Schweiß-Chloridgehalt
bei Kleinkindern

Wiederherstellung der Pankreasfunktion
bei frühzeitiger Gabe?

Rosenfeld et al, Lancet Respir Med 2018



CFTR Modulatoren
Potentiator: Ivacaftor (Kalydeco

®
)

„Real-world evidence“

n=5 älter als 5 Jahre bei 
PS
- Alter MW 6 Jahre (4-7)
- Steigerung 

Stuhlelastase 299 
mcg/g (197-485)

- Mittlere Therapiedauer 
bis zur PS 5 J. (3-7)

- 2 PERT gestoppt, 3 
reduzierte Dosis

Nichols et al, Paediatr Respir Rev 2020
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®
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„Real-world evidence“

Ronan et al, Chest 2018
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CFTR Modulatoren
Potentiator/Korrektor: Ivacaftor/Lumacaftor (Orkambi

®
)

TRAFFIC und TRANSPORT Studie Patienten > 12 Jahre F508del homozygot

Wainwright et al, NEJM 2015



CFTR Modulatoren
Potentiator/Korrektor: Ivacaftor/Lumacaftor (Orkambi

®
)

6-11 Jahre F508del homozygot

Ratjen et al, Lancet Respir Med 2017; McNamara et al., Lancet Respir Med 2019

GewichtSchweisstest



CFTR Modulatoren
Potentiator/Korrektor: Ivacaftor/Tezacaftor (Symdeco
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EVOLVE und EXPAND Studien >12 Jahre F508del homozygot

Taylor-Cousar, NEJM 2017
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and infective pulmonary exacerbation of cystic 
fibrosis also had a serious adverse event of jugu-
lar venous thrombosis. No deaths occurred dur-
ing the trial. Three patients in the VX-445–
tezacaftor–ivacaftor group and 1 patient in the 
control group discontinued treatment because 
of adverse events. Adverse events leading to dis-
continuation in patients receiving VX-445–
tezacaftor–ivacaftor included rash, elevated bili-
rubin level, and chest pain, each of which occurred 
in a different patient. Administration of VX-445–
tezacaftor–ivacaftor was interrupted in 3 patients 
owing to adverse events, which included elevated 
levels of aspartate aminotransferase, alanine 
aminotransferase, and creatine kinase in addi-
tion to myopathy (all in the same patient) and an 
elevated bilirubin level and constipation (each of 
which occurred in a different patient).

The most common adverse events (i.e., inci-
dence >10%) that occurred in patients receiving 
VX-445–tezacaftor–ivacaftor were cough, increased 
sputum production, infective pulmonary exacer-
bation of cystic fibrosis, hemoptysis, and pyrexia 
(Table 2). The incidence of abnormal results on 

tests of liver function, defined as a result greater 
than three times the upper limit of the normal 
range for levels of aspartate aminotransferase or 
alanine aminotransferase, was 8%. The incidence 
of elevation of bilirubin levels greater than two 
times the upper limit of normal was 3% (see 
Table S5 in the Supplementary Appendix). No evi-
dence of acute bronchoconstriction was observed 
after dosing with VX-445–tezacaftor–ivacaftor. 
The safety profile of VX-445–tezacaftor–VX-561 
was similar to that of VX-445–tezacaftor–ivacaftor 
(Tables S6 and S7 in the Supplementary Appendix).

Figure 1. In Vitro Effects of VX-445 Alone 
or in Combination with TEZ, IVA, or TEZ–IVA.

Panel A shows the results of immunoblotting from three 
independent experiments involving human bronchial 
epithelial (HBE) cells. (HBE cells for all experiments are 
from four Phe508del-MF donors and three Phe508del–
Phe508del donors.) Panel B shows the quantitative as-
sessment of that data through densitometry findings 
pooled from three independent experiments, with six 
replicates each for Phe508del–minimal function (MF) 
HBE cells and Phe508del–Phe508del HBE cells. Data 
are presented as mean relative intensities normalized 
to calnexin, a control for protein loading. Compound 
concentrations used were as follows: 2 µM of VX-445, 
18 µM of tezacaftor (TEZ), and 1 µM of ivacaftor (IVA) 
in the presence of 10 mg per milliliter of human serum 
albumin. The letter a represents P<0.05 for the compari-
son with vehicle (0.37% dimethyl sulfoxide), b P<0.05 
for the comparison with tezacaftor–ivacaftor (TEZ–IVA), 
and c P<0.05 for the comparison with VX-445 in un-
paired t-tests. Panel C represents an assessment of 
chloride transport in HBE cells treated with various 
combinations of TEZ (18 µM), IVA (1 µM), and VX-445 
(3 µM) by means of an Ussing chamber. Data represent 
the mean of three or four donor bronchi, with three or 
four replicate experiments per donor. The letter x repre-
sents P<0.05 for the comparison with vehicle, y P<0.05 
for the comparison with TEZ–IVA, and z P<0.05 for the 
comparison with VX-445–IVA in paired t-tests. T bars 
indicate standard errors.
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and infective pulmonary exacerbation of cystic 
fibrosis also had a serious adverse event of jugu-
lar venous thrombosis. No deaths occurred dur-
ing the trial. Three patients in the VX-445–
tezacaftor–ivacaftor group and 1 patient in the 
control group discontinued treatment because 
of adverse events. Adverse events leading to dis-
continuation in patients receiving VX-445–
tezacaftor–ivacaftor included rash, elevated bili-
rubin level, and chest pain, each of which occurred 
in a different patient. Administration of VX-445–
tezacaftor–ivacaftor was interrupted in 3 patients 
owing to adverse events, which included elevated 
levels of aspartate aminotransferase, alanine 
aminotransferase, and creatine kinase in addi-
tion to myopathy (all in the same patient) and an 
elevated bilirubin level and constipation (each of 
which occurred in a different patient).

The most common adverse events (i.e., inci-
dence >10%) that occurred in patients receiving 
VX-445–tezacaftor–ivacaftor were cough, increased 
sputum production, infective pulmonary exacer-
bation of cystic fibrosis, hemoptysis, and pyrexia 
(Table 2). The incidence of abnormal results on 

tests of liver function, defined as a result greater 
than three times the upper limit of the normal 
range for levels of aspartate aminotransferase or 
alanine aminotransferase, was 8%. The incidence 
of elevation of bilirubin levels greater than two 
times the upper limit of normal was 3% (see 
Table S5 in the Supplementary Appendix). No evi-
dence of acute bronchoconstriction was observed 
after dosing with VX-445–tezacaftor–ivacaftor. 
The safety profile of VX-445–tezacaftor–VX-561 
was similar to that of VX-445–tezacaftor–ivacaftor 
(Tables S6 and S7 in the Supplementary Appendix).

Figure 1. In Vitro Effects of VX-445 Alone 
or in Combination with TEZ, IVA, or TEZ–IVA.

Panel A shows the results of immunoblotting from three 
independent experiments involving human bronchial 
epithelial (HBE) cells. (HBE cells for all experiments are 
from four Phe508del-MF donors and three Phe508del–
Phe508del donors.) Panel B shows the quantitative as-
sessment of that data through densitometry findings 
pooled from three independent experiments, with six 
replicates each for Phe508del–minimal function (MF) 
HBE cells and Phe508del–Phe508del HBE cells. Data 
are presented as mean relative intensities normalized 
to calnexin, a control for protein loading. Compound 
concentrations used were as follows: 2 µM of VX-445, 
18 µM of tezacaftor (TEZ), and 1 µM of ivacaftor (IVA) 
in the presence of 10 mg per milliliter of human serum 
albumin. The letter a represents P<0.05 for the compari-
son with vehicle (0.37% dimethyl sulfoxide), b P<0.05 
for the comparison with tezacaftor–ivacaftor (TEZ–IVA), 
and c P<0.05 for the comparison with VX-445 in un-
paired t-tests. Panel C represents an assessment of 
chloride transport in HBE cells treated with various 
combinations of TEZ (18 µM), IVA (1 µM), and VX-445 
(3 µM) by means of an Ussing chamber. Data represent 
the mean of three or four donor bronchi, with three or 
four replicate experiments per donor. The letter x repre-
sents P<0.05 for the comparison with vehicle, y P<0.05 
for the comparison with TEZ–IVA, and z P<0.05 for the 
comparison with VX-445–IVA in paired t-tests. T bars 
indicate standard errors.
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and infective pulmonary exacerbation of cystic 
fibrosis also had a serious adverse event of jugu-
lar venous thrombosis. No deaths occurred dur-
ing the trial. Three patients in the VX-445–
tezacaftor–ivacaftor group and 1 patient in the 
control group discontinued treatment because 
of adverse events. Adverse events leading to dis-
continuation in patients receiving VX-445–
tezacaftor–ivacaftor included rash, elevated bili-
rubin level, and chest pain, each of which occurred 
in a different patient. Administration of VX-445–
tezacaftor–ivacaftor was interrupted in 3 patients 
owing to adverse events, which included elevated 
levels of aspartate aminotransferase, alanine 
aminotransferase, and creatine kinase in addi-
tion to myopathy (all in the same patient) and an 
elevated bilirubin level and constipation (each of 
which occurred in a different patient).

The most common adverse events (i.e., inci-
dence >10%) that occurred in patients receiving 
VX-445–tezacaftor–ivacaftor were cough, increased 
sputum production, infective pulmonary exacer-
bation of cystic fibrosis, hemoptysis, and pyrexia 
(Table 2). The incidence of abnormal results on 

tests of liver function, defined as a result greater 
than three times the upper limit of the normal 
range for levels of aspartate aminotransferase or 
alanine aminotransferase, was 8%. The incidence 
of elevation of bilirubin levels greater than two 
times the upper limit of normal was 3% (see 
Table S5 in the Supplementary Appendix). No evi-
dence of acute bronchoconstriction was observed 
after dosing with VX-445–tezacaftor–ivacaftor. 
The safety profile of VX-445–tezacaftor–VX-561 
was similar to that of VX-445–tezacaftor–ivacaftor 
(Tables S6 and S7 in the Supplementary Appendix).

Figure 1. In Vitro Effects of VX-445 Alone 
or in Combination with TEZ, IVA, or TEZ–IVA.

Panel A shows the results of immunoblotting from three 
independent experiments involving human bronchial 
epithelial (HBE) cells. (HBE cells for all experiments are 
from four Phe508del-MF donors and three Phe508del–
Phe508del donors.) Panel B shows the quantitative as-
sessment of that data through densitometry findings 
pooled from three independent experiments, with six 
replicates each for Phe508del–minimal function (MF) 
HBE cells and Phe508del–Phe508del HBE cells. Data 
are presented as mean relative intensities normalized 
to calnexin, a control for protein loading. Compound 
concentrations used were as follows: 2 µM of VX-445, 
18 µM of tezacaftor (TEZ), and 1 µM of ivacaftor (IVA) 
in the presence of 10 mg per milliliter of human serum 
albumin. The letter a represents P<0.05 for the compari-
son with vehicle (0.37% dimethyl sulfoxide), b P<0.05 
for the comparison with tezacaftor–ivacaftor (TEZ–IVA), 
and c P<0.05 for the comparison with VX-445 in un-
paired t-tests. Panel C represents an assessment of 
chloride transport in HBE cells treated with various 
combinations of TEZ (18 µM), IVA (1 µM), and VX-445 
(3 µM) by means of an Ussing chamber. Data represent 
the mean of three or four donor bronchi, with three or 
four replicate experiments per donor. The letter x repre-
sents P<0.05 for the comparison with vehicle, y P<0.05 
for the comparison with TEZ–IVA, and z P<0.05 for the 
comparison with VX-445–IVA in paired t-tests. T bars 
indicate standard errors.
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Kulturen von Zilientragenden Zellen
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CFTR Modulatoren
Elexacaftor–Tezacaftor–Ivacaftor (Trikafta

®
/ Kaftrio

®
)

n engl j med 381;19 nejm.org November 7, 20191814

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

No patients in the placebo group discontinued 
the trial regimen because of an adverse event.

On the basis of previous experience with 
CFTR modulator therapy,9-12 including the phase 2 
trial of elexacaftor–tezacaftor–ivacaftor,18 data 
related to aminotransferase levels and rash were 
reviewed. Adverse events of elevated aminotrans-
ferase levels occurred in 22 patients (10.9%) in 
the elexacaftor–tezacaftor–ivacaftor group and 
8 patients (4.0%) in the placebo group. In the 

elexacaftor–tezacaftor–ivacaftor group, elevated 
levels of alanine aminotransferase or aspartate 
aminotransferase that were greater than three 
times, greater than five times, and greater than 
eight times the upper limit of the normal range 
occurred in 16 patients (7.9%), 5 patients (2.5%), 
and 3 patients (1.5%), respectively, as compared 
with 11 patients (5.5%), 3 patients (1.5%), and 
2 patients (1.0%) in the placebo group. No patient 
had an elevated aminotransferase level greater 

Figure 1. Absolute Change from Baseline in Percentage of Predicted FEV1, and Rate of Pulmonary Exacerbations.

Panel A shows the absolute change from baseline in percentage of predicted forced expiratory volume in 1 second (FEV1), based on a 
mixed-effects model for repeated measures. Data are least-squares means, and I bars indicate standard error of the mean; the dashed 
line indicates no change from baseline. Panel B shows a histogram of absolute change from baseline in percentage of predicted FEV1 
through week 24, according to trial group. Panel C shows the overall estimated annualized rate of pulmonary exacerbations, the estimated 
annualized rate of pulmonary exacerbations leading to hospitalization, and the estimated annualized rate of pulmonary exacerbations 
treated with intravenous antibiotics. CI denotes confidence interval.
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

No patients in the placebo group discontinued 
the trial regimen because of an adverse event.

On the basis of previous experience with 
CFTR modulator therapy,9-12 including the phase 2 
trial of elexacaftor–tezacaftor–ivacaftor,18 data 
related to aminotransferase levels and rash were 
reviewed. Adverse events of elevated aminotrans-
ferase levels occurred in 22 patients (10.9%) in 
the elexacaftor–tezacaftor–ivacaftor group and 
8 patients (4.0%) in the placebo group. In the 

elexacaftor–tezacaftor–ivacaftor group, elevated 
levels of alanine aminotransferase or aspartate 
aminotransferase that were greater than three 
times, greater than five times, and greater than 
eight times the upper limit of the normal range 
occurred in 16 patients (7.9%), 5 patients (2.5%), 
and 3 patients (1.5%), respectively, as compared 
with 11 patients (5.5%), 3 patients (1.5%), and 
2 patients (1.0%) in the placebo group. No patient 
had an elevated aminotransferase level greater 

Figure 1. Absolute Change from Baseline in Percentage of Predicted FEV1, and Rate of Pulmonary Exacerbations.

Panel A shows the absolute change from baseline in percentage of predicted forced expiratory volume in 1 second (FEV1), based on a 
mixed-effects model for repeated measures. Data are least-squares means, and I bars indicate standard error of the mean; the dashed 
line indicates no change from baseline. Panel B shows a histogram of absolute change from baseline in percentage of predicted FEV1 
through week 24, according to trial group. Panel C shows the overall estimated annualized rate of pulmonary exacerbations, the estimated 
annualized rate of pulmonary exacerbations leading to hospitalization, and the estimated annualized rate of pulmonary exacerbations 
treated with intravenous antibiotics. CI denotes confidence interval.
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

No patients in the placebo group discontinued 
the trial regimen because of an adverse event.

On the basis of previous experience with 
CFTR modulator therapy,9-12 including the phase 2 
trial of elexacaftor–tezacaftor–ivacaftor,18 data 
related to aminotransferase levels and rash were 
reviewed. Adverse events of elevated aminotrans-
ferase levels occurred in 22 patients (10.9%) in 
the elexacaftor–tezacaftor–ivacaftor group and 
8 patients (4.0%) in the placebo group. In the 

elexacaftor–tezacaftor–ivacaftor group, elevated 
levels of alanine aminotransferase or aspartate 
aminotransferase that were greater than three 
times, greater than five times, and greater than 
eight times the upper limit of the normal range 
occurred in 16 patients (7.9%), 5 patients (2.5%), 
and 3 patients (1.5%), respectively, as compared 
with 11 patients (5.5%), 3 patients (1.5%), and 
2 patients (1.0%) in the placebo group. No patient 
had an elevated aminotransferase level greater 

Figure 1. Absolute Change from Baseline in Percentage of Predicted FEV1, and Rate of Pulmonary Exacerbations.

Panel A shows the absolute change from baseline in percentage of predicted forced expiratory volume in 1 second (FEV1), based on a 
mixed-effects model for repeated measures. Data are least-squares means, and I bars indicate standard error of the mean; the dashed 
line indicates no change from baseline. Panel B shows a histogram of absolute change from baseline in percentage of predicted FEV1 
through week 24, according to trial group. Panel C shows the overall estimated annualized rate of pulmonary exacerbations, the estimated 
annualized rate of pulmonary exacerbations leading to hospitalization, and the estimated annualized rate of pulmonary exacerbations 
treated with intravenous antibiotics. CI denotes confidence interval.
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than three times the upper limit of the normal 
range concurrent with an elevated bilirubin level 
greater than two times the upper limit of the 
normal range that emerged during the interven-
tion period. Rash occurred in 22 patients (10.9%) 
in the elexacaftor–tezacaftor–ivacaftor group and 
13 patients (6.5%) in the placebo group. In both 
trial groups, rash was more common in female 
patients than in male patients and more common 
in female patients who used hormonal contracep-
tives than in those who did not (Table S7).

Additional observations included elevated levels 

of creatine kinase and blood-pressure changes 
in the elexacaftor–tezacaftor–ivacaftor group. Ele-
vated levels of creatine kinase were often associ-
ated with exercise, and no elevations of creatine 
kinase led to discontinuation of the trial regi-
men (Table S8). The baseline mean systolic and 
diastolic blood pressures in the elexacaftor–
tezacaftor–ivacaftor group were 113.4 mm Hg 
and 69.4 mm Hg, and they increased by 3.1 mm Hg 
and 1.9 mm Hg, respectively, at week 24 (Table 
S9). There were no relevant safety findings in 
other clinical or laboratory assessments.

Figure 2. Absolute Change from Baseline in Sweat Chloride Concentration and CFQ-R Respiratory Domain Score.

Panel A shows the absolute change from baseline in sweat chloride concentration, based on a mixed-effects model for repeated mea-
sures; a reduction over time indicates improvement in CFTR function. Panel B shows a histogram of absolute change from baseline in 
sweat chloride concentration through week 24, according to trial group. Panel C shows the absolute change from baseline in the respira-
tory domain score on the Cystic Fibrosis Questionnaire–Revised (CFQ-R), based on a mixed-effects model for repeated measures. Scores 
are normalized to range from 0 to 100 points, with higher scores indicating a higher patient-reported quality of life with regard to respira-
tory symptoms; the minimum clinically important difference is 4 points. In Panels A and C, least-squares means at each visit are shown, 
and the I bars indicate the corresponding standard error; the dashed line indicates no change from baseline.
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than three times the upper limit of the normal 
range concurrent with an elevated bilirubin level 
greater than two times the upper limit of the 
normal range that emerged during the interven-
tion period. Rash occurred in 22 patients (10.9%) 
in the elexacaftor–tezacaftor–ivacaftor group and 
13 patients (6.5%) in the placebo group. In both 
trial groups, rash was more common in female 
patients than in male patients and more common 
in female patients who used hormonal contracep-
tives than in those who did not (Table S7).

Additional observations included elevated levels 

of creatine kinase and blood-pressure changes 
in the elexacaftor–tezacaftor–ivacaftor group. Ele-
vated levels of creatine kinase were often associ-
ated with exercise, and no elevations of creatine 
kinase led to discontinuation of the trial regi-
men (Table S8). The baseline mean systolic and 
diastolic blood pressures in the elexacaftor–
tezacaftor–ivacaftor group were 113.4 mm Hg 
and 69.4 mm Hg, and they increased by 3.1 mm Hg 
and 1.9 mm Hg, respectively, at week 24 (Table 
S9). There were no relevant safety findings in 
other clinical or laboratory assessments.

Figure 2. Absolute Change from Baseline in Sweat Chloride Concentration and CFQ-R Respiratory Domain Score.

Panel A shows the absolute change from baseline in sweat chloride concentration, based on a mixed-effects model for repeated mea-
sures; a reduction over time indicates improvement in CFTR function. Panel B shows a histogram of absolute change from baseline in 
sweat chloride concentration through week 24, according to trial group. Panel C shows the absolute change from baseline in the respira-
tory domain score on the Cystic Fibrosis Questionnaire–Revised (CFQ-R), based on a mixed-effects model for repeated measures. Scores 
are normalized to range from 0 to 100 points, with higher scores indicating a higher patient-reported quality of life with regard to respira-
tory symptoms; the minimum clinically important difference is 4 points. In Panels A and C, least-squares means at each visit are shown, 
and the I bars indicate the corresponding standard error; the dashed line indicates no change from baseline.
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Nebenwirkung Trikafta Placebo

Jede Nebenwirkung 93% 96%

Exacerbation 21.8% 47.3%

Mehr Sputum 19.8% 19.4%

Kopfschmerzen 17.3% 14.9%

Husten 16.8% 38.3%

Durchfall 12.9% 7%

Müdigkeit 4.5% 10%

Ausschläge 10.9% 6.5%

Leberwert Erhöhung 10.9% 4.0%
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Patienten >12 Jahre mit homozygoter F508del Mutation
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Methods
Study design and participants
This phase 3, multicentre, randomised, double-blind, 
active-controlled trial of elexacaftor in combination 
with tezacaftor plus ivacaftor was done at 44 sites 
in four countries (Belgium, the Netherlands, the UK, 
and the USA). An independent review board or ethics 
committee for each site approved the trial protocol 
and informed consent forms. All enrolled participants, 
or their legal guardians, provided written informed 
consent (and assent, when appropriate).

Male and female participants aged 12 years and older 
with a confirmed diagnosis of cystic fibrosis, homozygous 
for the F508del mutation, with ppFEV1 between 40% and 
90% inclusive,17 and stable cystic fibrosis as judged 
by the investigators were eligible for recruitment. All 
participants agreed to continue their usual standard-of-
care treatment regimens throughout the trial period. The 
full inclusion and exclusion criteria are provided in the 
appendix (p 3).

Randomisation and masking
Participants were randomly assigned in a 1:1 ratio by an 
interactive web response system to receive either 
elexacaftor plus tezacaftor plus ivacaftor or tezacaftor 
plus ivacaftor (for additional details see the appendix 
p 3). Placebo tablets were used to maintain the masking. 
Randomisation was stratified by ppFEV1 (<70% vs 
≥70%, as determined during the run-in period) and 
age (<18 vs ≥18 years at the screening visit). At trial 
completion, participants were given the option to enrol 
in a 96-week open-label extension trial (VX17-445-105; 
NCT03525574).

Procedures
Because treatment with lumacaftor plus ivacaftor or 
tezacaftor plus ivacaftor is standard of care for people 
with cystic fibrosis homozygous for F508del, and to 
ensure a reliable on-treatment baseline before the triple 
combination treatment period, participants completed 
a 4-week tezacaftor plus ivacaftor run-in period following 
a 4-week screening period, as described by Taylor-Cousar 
and colleagues.16

Participants then received 4 weeks of treatment with 
either elexacaftor 200 mg once daily in triple combination 
with tezacaftor 100 mg once daily and ivacaftor 150 mg 
every 12 h, or the dual combination of tezacaftor 100 mg 
once daily and ivacaftor 150 mg every 12 h. All drugs were 
administered orally. Selection of the dose of elexacaftor 
was based on data from the phase 2 dose-ranging trial.15 
Tezacaftor and ivacaftor were used at the approved 
dosages in both groups (figure 1).

Outcomes
The primary outcome was the absolute change from 
baseline in ppFEV1 at week 4. Key secondary outcomes 
were the absolute change from baseline at week 4 in 
sweat chloride concentration and in the Cystic Fibrosis 
Questionnaire-Revised respiratory domain (CFQ-R RD) 
score. Other secondary outcomes included safety and 
tolerability (as assessed by investigator-reported adverse 
events, clinical laboratory values, electrocardiograms, 
vital signs, and pulse oximetry).

Statistical analysis
Efficacy analyses included all randomly assigned par-
ticipants who received at least one dose of elexacaftor 
plus tezacaftor plus ivacaftor or tezacaftor plus ivacaftor 
in the treatment period. The absolute change from base-
line in ppFEV1 at week 4 was analysed by use of a mixed-
effects model for repeated measures with change from 
baseline in ppFEV1 at day 15 and week 4 as the dependent 
variables. The model included treatment group, visit, and 
treatment-by-visit interaction as fixed effects, with the 
continuous baseline ppFEV1 and age at screening (<18 vs 
≥18 years) as covariates; the model used an unstructured 
covariance for the within-subject errors.

The trial was designed for superiority. Assuming a 
within-group SD of 7 percentage points and accounting for 
a 5% dropout rate at week 4, based on a two-sided, two-
sample t test at a significance level of 0·05, a sample size of 
50 participants per treatment group was expected to achieve 
more than 90% power to detect a difference of 5 percentage 
points in the mean absolute change in the ppFEV1 from 
baseline at week 4 between the two treatment groups. Key 
secondary outcomes of absolute change in sweat chloride 
concentration and in CFQ-R RD score were analysed with 
a similar mixed-effects model for repeated measures.

A hierarchical testing procedure was used to control 
the overall type I error at an α of 0·05 for the primary 
outcome and the key secondary outcomes tested. Safety 

Figure 1: Study design
Eligible participants received tezacaftor plus ivacaftor therapy during a 4-week run-in period. After completing the 
run-in period, participants were randomly assigned (1:1) to receive triple combination therapy (elexacaftor plus 
tezacaftor plus ivacaftor) or tezacaftor plus ivacaftor for 4 weeks. Randomisation was stratified by predicted FEV₁ 
(<70% vs ≥70%) determined during the run-in period and age (<18 vs ≥18 years) determined at the screening visit. 
FEV₁=forced expiratory volume in 1 s. *Participants who completed the trial regimen were eligible to enrol in a 
separate 96-week open-label extension study within 28 days after the last dose of trial drug; a safety follow-up 
visit was required for all participants unless they completed the week 4 visit and enrolled in the open-label 
extension study. †Baseline was defined as the most recent non-missing measurement (scheduled or unscheduled) 
collected before the first dose of trial drug in the treatment period (ie, elexacaftor plus tezacaftor plus ivacaftor vs 
tezacaftor plus ivacaftor). 

Day –28 to day –1Day –56 to
day –29

28 days4 weeks

Randomisation (1:1)† Open-label 
extension study

Run-in periodScreening period Treatment period Safety 
follow-up*

Elexacaftor plus tezacaftor plus ivacaftor
(Elexacaftor 200 mg plus tezacaftor 
100 mg plus ivacaftor 150 mg once daily 
every morning and ivacaftor 150 mg 
once daily every evening)

Tezacaftor plus ivacaftor
(Tezacaftor 100 mg plus ivacaftor 150 mg 
once daily every morning and ivacaftor 
150 mg once daily every evening)

Tezacaftor plus ivacaftor
(Tezacaftor 100 mg 
plus ivacaftor 150 mg once 
daily every morning
and ivacaftor 150 mg once 
daily every evening)
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analyses included all participants who received at least 
one dose of elexacaftor plus tezacaftor plus ivacaftor or 
tezacaftor plus ivacaftor in the treatment period.

Safety data were summarised with descriptive statistics. 
Safety was monitored by an independent data monitoring 
committee. 

This study is registered with ClinicalTrials.gov, 
NCT03525548.

Role of the funding source
This study was designed by Vertex Pharmaceuticals, in 
collaboration with the authors. Data were collected by 
local site investigators and analysed by Vertex Pharma-
ceuticals, in collaboration with the authors. Vertex 
Pharmaceuticals was also involved in the writing of 
the report. All authors had full access to the trial data 
after the data were unblinded following final data-
base lock and provided critical review and input. The 
corresponding author had final responsibility for the 
decision to submit for publication.

Results
Between Aug 3 and Dec 28, 2018, 113 participants were 
enrolled. Following the 4-week tezacaftor plus ivacaftor 
run-in period, 107 participants were randomly assigned 
and received at least one dose of the trial drug; 55 in the 

Tezacaftor plus 
ivacaftor group 
(n=52)

Elexacaftor plus 
tezacaftor plus 
ivacaftor group 
(n=55)

Sex

Female 28 (54%) 31 (56%)

Male 24 (46%) 24 (44%)

Age at baseline

Mean age, years 27·9 (10·8) 28·8 (11·5)

Distribution*

≥12 to <18 years 14 (27%) 16 (29%)

≥18 years 38 (73%) 39 (71%)

Geographical region

North America 33 (63%) 34 (62%)

Europe 19 (37%) 21 (38%)

ppFEV₁

Mean ppFEV₁ 60·2 (14·4) 61·6 (15·4)

Distribution

<40%† 4 (8%) 6 (11%)

≥40% to <70% 34 (65%) 31 (56%)

≥70% to ≤90% 14 (27%) 18 (33%)

>90% 0 0

Mean body-mass index (kg/m²) 21·88 (4·12) 21·75 (3·19)

Mean sweat chloride 
concentration, mmol/L

90·0 (12·3) 91·4 (11·0)

Mean CFQ-R respiratory domain 
score‡

72·6 (17·9) 70·6 (16·2)

Pseudomonas aeruginosa-positive 
within previous 2 years

31 (60%) 39 (71%)

Previous medication use§

Dornase alfa

Yes 48 (92%) 51 (93%)

No 4 (8%) 4 (7%)

Azithromycin

Yes 25 (48%) 33 (60%)

No 27 (52%) 22 (40%)

Inhaled antibiotic

Yes 28 (54%) 35 (64%)

No 24 (46%) 20 (36%)

Bronchodilator

Yes 47 (90%) 54 (98%)

No 5 (10%) 1 (2%)

Inhaled hypertonic saline

Yes 41 (79%) 38 (69%)

No 11 (21%) 17 (31%)

Inhaled corticosteroids

Yes 28 (54%) 36 (65%)

No 24 (46%) 19 (35%)

(Table 1 continues in next column)

Tezacaftor plus 
ivacaftor group 
(n=52)

Elexacaftor plus 
tezacaftor plus 
ivacaftor group 
(n=55)

(Continued from previous column)

CFTR modulator therapy

Yes 34 (65%) 32 (58%)

No 18 (35%) 23 (42%)

Data are n (%) or mean (SD). CFQ-R=Cystic Fibrosis Questionnaire-Revised. 
CFTR=cystic fibrosis transmembrane conductance regulator. FEV₁=forced 
expiratory volume in 1 s. ppFEV₁=percentage of predicted FEV₁. *Age distribution 
was calculated on the basis of age at the time of screening. †Although those 
eligible for enrolment were required to have a ppFEV₁ of 40% or higher at 
screening, some participants had a decrease to a value lower than 40% at 
baseline. ‡Scores on the CFQ-R range from 0 to 100, with higher scores 
indicating a higher participant-reported quality of life with regard to respiratory 
status. §Includes medications administered during the 56 days before the first 
dose of trial drug in the treatment period.

Table 1: Demographics and clinical characteristics at baseline

Figure 2: Absolute change over time in ppFEV₁ from baseline
Data are least squares means based on a mixed-effects model for repeated 
measures. Error bars indicate standard errors. The dashed line indicates no change 
from baseline (measured at the end of the tezacaftor plus ivacaftor run-in). 
ppFEV₁=percentage predicted forced expiratory volume in 1 s.
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Figure 3. Efficacy Results, by Visit, in Part B. (A) Absolute change from baseline at each visit 

in the percentage of predicted forced expiratory volume in 1 second (ppFEV1). (B) Absolute 

change from baseline at each visit in the respiratory domain score on the Cystic Fibrosis 

Questionnaire–Revised (CFQ-R, child’s version); scores are normalized to a 100-point range, 

with higher scores indicating a higher patient-reported quality of life with regard to respiratory 

symptoms. (C) Absolute change from baseline at each visit in lung clearance index2.5 (LCI2.5). 

(D) Absolute change from baseline at each visit in sweat chloride concentration; a reduction 

indicates improvement in CFTR function. Data are least squares means based on a mixed-effects 

model for repeated measures, and I bars indicate standard error of the mean; the dashed line 

indicates no change from baseline. Sample size shown under each x-axis is the number of 

patients at the timepoint with evaluable in-clinic data.
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Figure 5. Responder Analysis for Sweat Chloride Concentration by Genotype Group in 

Part B. The percentage of children in each genotype group with sweat chloride concentrations 

<60 mmol/L or <30 mmol/L through Week 24 is shown. No children had sweat chloride 

concentrations <60 mmol/L at baseline. Percentages were calculated by dividing n (the number 

of patients with sweat chloride concentration below the indicated threshold) by N1, where N1 is 

the number of patients with evaluable data. Patients with missing data were considered as 

missing at random and were not counted in the denominator.
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LCI: 10.7 LCI: 7.6 

Vor Studienstart 1 Monat nach Trikafta
®

Verum



Eigene Erfahrungen und persönliche Beurteilung
Elexacaftor–Tezacaftor–Ivacaftor (Trikafta

®
/ Kaftrio

®
)

Julian 16 jährig:

Soll Vor %(V/S) SD Z-Score Z-Score
Testdatum 08.11.17
Testzeit 14:18

TLC [L] 4.38 4.98 114 0.02 2.01
VC [L] 3.38 3.30 98 0.02 -0.35
FRCpleth [L] 2.15 3.28 152 0.36 5.44
RV [L] 0.99 1.68 170 0.05 2.98
RV%TLC [%] 24.08 33.73 140 0.70 2.47
R tot [kPa/(L/s)] 0.25 0.40 163 0.04 2.44
R EX [kPa/(L/s)] 0.25 0.45 182 0.09 3.18
sR tot [kPa*s] 0.53 1.45 271 0.15 6.23

FVC [L] 3.40 3.42 100 0.13 0.04
FEV1 [L] 2.93 2.29 78 0.07 -1.82
FEV.5 [L] 1.39 0.01
FEV 0.75 [L] 1.90 0.04
FEV 1 % VC IN [%] 84.16 67.67 80 2.07 -3.63
FEV1%F [%] 86.50 66.98 77 0.60 -2.67
PEF [L/s] 5.91 4.25 72 0.23 -2.00
MEF75 [L/s] 5.18 2.62 51 0.13 -3.57
MEF50 [L/s] 3.37 1.96 58 0.23 -2.13
MEF 25 [L/s] 1.63 0.88 54 0.17 -1.71
MMEF [L/s] 3.37 1.81 54 0.24 -2.40

MIF50 [L/s] 4.27 0.34

Identifikation: 3605884 Name: Widmer Vorname: Julian
Geburtsdatum: 05.04.2004 Größe: 157 cm Gewicht: 65.5 kg
Ethnik: Weiß Sollwert-Modul: Stand DE#GLI Bediener: Herger Andreas

Fachbereich Allergologie/Pneumologie         Universitätskinderkliniken Zürich
Lungenfunktion, Leiter PD Dr. A. Möller         Tel: 044 / 266 78 25
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Eigene Erfahrungen und persönliche Beurteilung
Elexacaftor–Tezacaftor–Ivacaftor (Trikafta

®
/ Kaftrio

®
)

Ana 19 jährig:
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Persönliche Beurteilung
Wem was geben?

Patienten mit 
Gating Mutation 
ab 6 Monaten

Patienten mit 
F508del 2-12a

Patienten mit 
F508del/ 
Residual 
function
Mutation
> 12 Jahre

Patienten mit 
F508del/ Minimal 
function und 
homozygote
> 12 Jahre

https://www.cfsource.ch/gsw-berne/hcp/treatment-
finder?dc=oe1ui4fzY0iSKHS2Zq

https://www.cfsource.ch/gsw-berne/hcp/treatment-finder?dc=oe1ui4fzY0iSKHS2Zq


Persönliche Beurteilung
Wann starten?



Persönliche Beurteilung
Überwachung der Nebenwirkungen

- Leberwerte

- Kreatinkinase

- Augenarzt*in

- Sonnenschutz

- Antikonzeptiva



CFTR Modulatoren
Aktuelle Pipeline

https://www.cff.org/Trials/Pipeline



Konklusionen

– CFTR-spezifische Therapien zunehmend als wesentliche Therapiesäule 
bei CF

– Hochpotente Therapien aktuell aber nur bei seltenen Mutationen (Gating-
Mutationen) oder erst ab 12 Jahren

– Langzeit-Wirkung / -Nebenwirkungen unbekannt, auch späte 
Komplikationen der CF bisher kaum untersucht

– Weitere vielversprechende CFTR-Modulatoren und CFTR-spezifische 
Therapieansätze in der Pipeline

– Basistherapie (Creon, Inhalation, Physiotherapie…) gelten weiterhin (noch) 
als Grundpfeiler der CF-Therapie



Now, this is not the end…
…it is not even the beginning of the end

But it is, perhaps, the end of the beginning.



CFTR Modulatoren

Wo stehen wir heute mit den CFTR Modulatoren

~ 10% ~ 55% ~ 90%

– Trikafta / Kaftrio sehr wirksam, aber zunächst erst ab 12 Jahren.

– Kalydeco ebenfalls sehr wirksam, ab 1 Jahr (4 LM USA), aber nur bei seltenen 

Gating-Mutationen.

– Orkambi bereits ab 2 Jahren zugelassen, bei ca. 45-50% der Patienten, aber 

nicht so wirksam.

– Symdeko / Symkevi ab 12 / 6 Jahren zugelassen, bei etwas mehr Patienten als 

Orkambi, aber ebenfalls nicht so wirksam.

– 10% noch keine Therapieoption

Anteil 

behandelter 

Patienten

Jia et al, US Respiratory & Pulmonary Diseases. 2019



HIT-CF Europe

- Zugang zu CFTR-Modulatoren für Patienten mit seltenen Mutationen

- Personalisierte CF-Therapie anhand Organoide

- Biobank für künftige Forschungsprojekte

- Einschluss: Erwachsene CF-Patienten mit einer Kombination von 
Mutationen, die nicht ultra-selten sind:

G542X, R553X, W1282X, R1162X, E60X, Q493X, 1717-1G>A, 621+1G>T, 
3120+1G>A, 1898+1G->A, CFTRdele2,3 and 2183AA->G

WWW.HITCF.ORG 




