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Ivacaftor in cystic fibrosis adults: Czech experience with six years of follow-up
Libor Filaa,b, Lucie Valentova Bartakovaa,b, Alzbeta Grandcourtovaa,b, Miloslav Marela, Radovan Drnekc, Alena Bilkovab,d, 

Milan Macek Jr.b,e, Pavel Drevinekb,f

Aims. Ivacaftor is a revolutionary treatment option for cystic fibrosis (CF) patients with G551D and other gating muta-
tions. The aim of this study was to evaluate the clinical status of patients on ivacaftor who were followed for up to 6 years 
together with an evaluation of ivacaftor therapy in one patient with an initial FEV1 less than 40% of predicted value. 
Methods. Data on development of clinical status and sinopulmonary-related therapies were obtained from patient 
health records during ivacaftor treatment lasting for up to six years and were compared with an equivalent period 
before ivacaftor administration. 
Results. Five CF adults with a median age 28.6 years (range 21.4−35.6 years) with median FEV1 45% pred. (range 16−85% 
pred.) were included in the study. Four subjects were also participants in the STRIVE and PERSIST studies. Altogether, 
twenty-four patient-years of ivacaftor treatment were analyzed. The median FEV1 decline per year decreased from -4.5 
to -0.9% pred. (P = 0.043). Reduction in number of days on antibiotic treatment and hospital stays was 21% (P < 0.001) 
and 75% (P = 0.003), respectively. Improvement and stabilization of lung function was observed for up to six years of 
treatment. In a patient with severe airway obstruction, an increase in the FEV1 value (30.4% from baseline) was docu-
mented during the first twelve months of treatment.
Conclusion. Ivacaftor therapy resulted in improved and stabilized lung function in up to six years of treatment with 
a reduction in number of days on antibiotic treatment and hospital stays. Its efficiency was also displayed in a patient 
with severe airway obstruction.
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INTRODUCTION

Cystic fibrosis (CF) is the most common inherited 
disease leading to premature death in Caucasians. CF 
is caused by mutations in the cystic fibrosis transmem-
brane regulator (CFTR) gene which encodes the CFTR 
protein. The CFTR protein is an epithelial ion channel 
participating in the regulation of water and salt content 
of exocrine gland secretions. Dysfunction of the CFTR 
protein leads to multiorgan disease involving sweat glands 
and the respiratory, digestive, and reproductive systems1. 
Today, more than 2000 mutations of the CFTR gene have 
been identified2. These mutations can be divided into six 
classes according to their effect on the CFTR protein. For 
example, the most common mutation, which is termed 
F508del, is categorized as a class II defect. In this class, 
the CFTR protein is recognized as misfolded and is de-
graded shortly after synthesis. Another mutation, named 
G551D, results in disordered regulation of CFTR protein 
(class III)(ref.3). Drugs targeting the underlying defects in 
the cellular processing and chloride channel function (i.e. 

CFTR modulators) can be divided into two groups. CFTR 
correctors are principally targeted at cellular misprocess-
ing (e.g. in F508del mutation), whereas CFTR potentia-
tors are intended to restore chloride channel activity (e.g. 
in G551D mutation) (ref.4).

Before 2012, CF therapy consisted of symptomatic 
treatment of the consequences associated with CFTR 
protein dysfunction, e.g. pancreatic enzyme supplemen-
tation, chest physiotherapy, and antibiotics. This situa-
tion changed on the 31st of January 2012 when ivacaftor 
was approved in the United States, for patients with the 
G551D mutation5. In clinical studies, ivacaftor adminis-
tration led to improvement in pulmonary function and 
nutritional status and to lower sweat chloride concentra-
tions. Fewer hospital stays, pulmonary exacerbations and 
antibiotic use were also observed6,7.

However, this revolutionary drug faces one very seri-
ous drawback. The costs for ivacaftor could be as high as 
US$300,000 per one year of treatment8. The total addi-
tional lifetime costs for all eligible CF patients in England 
ranged from £438,000,000 to £479,000,000, as was mod-
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elled by Whiting et al.9 The lifetime cost for standard care 
only was £72,000,000 in the same model. For such an 
expensive drug, especially in situations of predictable life-
long treatment, the benefit to patients should be clearly 
established. 

Ivacaftor showed efficiency in clinical studies lasting 
from 24 to 96 weeks in subjects with a forced expiratory 
volume in the first second (FEV1) greater than 40% of 
the predicted value. Long-term efficiency together with 
usefulness in those with severe airway obstruction has not 
been extensively studied. 

To answer the above questions, we evaluated the 
clinical status of subjects who were participating in the 
STRIVE (NCT00909532) and PERSIST (NCT01117012) 
studies10,11 and were followed for up to 6 years. In this 
paper we report on the follow-up data together with an 
evaluation of ivacaftor therapy in one patient with an ini-
tial FEV1 less than 40% of predicted value.

MATERIALS AND METHODS

Five adult patients with CF and G551D mutation be-
ing treated at the Prague CF centre at the Motol Faculty 
Hospital, were included in the study. Four of them were 
also participants of the STRIVE and PERSIST studies. 
The fifth patient had severe airway obstruction (< 40% of 
the predicted value). Outside of clinical studies, the drug 
was supplied on the basis of the Patient Access Program 
or § 16 of Act No. 48/1997 Coll.

Demographic parameters (sex and age), CFTR geno-
type, sweat chloride concentration, pulmonary function, 
airway infection, nutritional status and other extrapulmo-
nary manifestations at the initiation of ivacaftor treatment 
were obtained from patient records. Changes in sweat 
chloride concentration, pulmonary function and nutri-
tional status, together with the number of treatments for 

Table 1. Characteristic of patients.

Patient
(sex; age)

Second
mutation

FEV1

(% pred.)
Airway 

infection
BMI

(kg/m2)
Extra- pulmonary 

manifestation

Ivacaftor treatment
in clinical studies

Treatment 
duration
(years) STRIVE PERSIST

F; 35.6
M; 28.6
F; 25.8
M; 21.4
M; 29.3

N1303K
R553X
F508del
F508del
N1303K

44
85
45
53
16

PA
NN
PA
PA

BCc

21.5
26.1
19.3
21.5
18.0

PI
PI
PI; DM
PI; DM; LD
PI

+
+
+
-
-

+
+
+
+
-

6
6
6
5
1

M = male; F = female; PA = Pseudomonas aeruginosa; BCc = Burkholderia cepacia complex; NN = without P. aeruginosa or B. cepacia complex; PI = 
pancreatic insufficiency; DM = diabetes mellitus; LD = liver disease; FEV1 = forced expiratory volume in the first second; BMI = body mass index.

Table 2. Change in sinopulmonary-related treatment.

Parameter
Before ivacaftor

(per patient-year)
On ivacaftor

(per patient-year)
Reduction rate

(%)
P

(χ2-test)
Treatment for sinopulmonary symptoms
Days on ATB
Hospital stays

3.0
48.8
0.58

2.3
38.6
0.13

23.6
21.0
78.6

n.s.
< 0.001

0.003

ATB = antibiotic; n.s.  = not significant

sinopulmonary symptoms, days on antibiotic and stays in 
hospital during ivacaftor treatment were also taken from 
patient records and compared with the situation during an 
equivalent time period before ivacaftor initiation.

Statistical analysis was performed using Statistica 8 Cz 
(StatSoft, Czech Republic) statistical software. Data are 
presented as the median and range. The Wilcoxon signed-
rank test and χ2 test were used for analysis. A P-value 
< 0.05 was considered to be statistically significant.

RESULTS

Baseline characteristics of patients before starting iva-
caftor treatment are provided in Table 1. Three patients 
received ivacaftor in both studies, while one patient only 
recieved ivacaftor in the PERSIST study (subjects were 
unblinded after the end of the STRIVE study). Altogether, 
24 patient-years of ivacaftor treatment were analyzed.

Changes in the lung function of participants in the 
STRIVE and PERSIST studies and in a patient with se-
vere airway obstruction are presented in Fig. 1 and 2, 
respectively.

One-year FEV1 decline before and on ivacaftor treat-
ment differ significantly in the median -4.5 (range -7.4 
to -0.6) vs. -0.9 (range -1.2 to 0.6) % of the predicted 
value (P = 0.043; Wilcoxon signed-rank test). Most pa-
tients experienced an increase in FEV1 (after 8 weeks) 
and an increase in body weight (after 48 weeks) on iva-
caftor: median 330 (range 160 − 730) mL (P = 0.043; 
Wilcoxon signed-rank test) and 1.0 (range 0.0 − 5.5) kg 
(P = 0.068; Wilcoxon signed-rank test), respectively. The 
improvement of nutritional status in the participants in 
the STRIVE and PERSIST studies persisted for five years 
of follow-up. The median increase in body weight was 2.0 
(range 1.0 – 6.0) kg. Changes in sinopulmonary-related 
treatment are in shown in Table 2.
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Sweat chloride concentration decreased in all patients. 
The median of these values before and on ivacaftor treat-
ment was 104 (range 86-119) mmol/L and 52 (range 19-
58) mmol/L, respectively.

DISCUSSION

The CFTR gene was discovered in 1989 and gene ther-
apy for CF was expected to be available shortly thereafter. 
Unfortunately, this goal has yet to be achieved. Instead, 
another therapy using CFTR protein modulators – cor-
rectors and potentiators – has become a clinical reality 
23 years after the discovery of the CFTR gene. Ivacaftor 
(previously VX-770) is a CFTR protein potentiator, one of 
a group of drugs that improve the function of the CFTR 
protein in the epithelial cell membranes12.

In clinical studies, ivacaftor has improved pulmonary 
function and nutritional status and reduced the number 
of pulmonary exacerbations, antibiotic use and number 
of hospital stays. Additionally, improvement in quality of 
life, mucociliary clearance, gastrointestinal pH, higher 
levels of exhaled nitric oxide, lower doses of insulin (in 
diabetics), and fewer infection with Pseudomonas aerugi-
nosa have been observed during ivacaftor treatment13-17. 
Lower sweat chloride concentration has also been clearly 
documented and the sweat test can be utilized as a marker 
of compliance with ivacaftor therapy18.

When the results of the STRIVE and PERSIST studies 
are combined, current clinical evidence has documented 
the efficiency of ivacaftor for up to three years of treat-
ment19. Our study showed consistent improvement and 
stabilization of lung function in a small group of CF adults 
treated with ivacaftor for up to six years. During this pe-
riod, less need for antibiotic and inpatient treatment was 
also demonstrated. Our results are in accordance with 
previously published papers and show that even very long-
term treatment with ivacaftor is meaningful.

Another potential use for ivacaftor treatment involves 
patients with severe airway obstruction. This condition 
was not included in the above mentioned clinical studies. 
There are some papers describing case reports or small 
groups of severe airway obstruction patients who profited 
from ivacaftor therapy20,21. However, the response to treat-
ment appeared to be inconsistent22. In our case report, 
we described a patient with an initial FEV1 that was only 
16% of the predicted value. We observed improvement in 
lung function within the first nine months of treatment, 
reaching an FEV1 that was 22% of the predicted value, 
which represented a 39.1% increase from baseline, despite 
chronic B. cenocepacia ST-32 airway infection.

We now have effective medicine for CF patients 
with the G551D and other gating mutations. That is the 
good news. The bad news is that the drug is extremely 
expensive. Ivacaftor was approved by the European 
Medicines Agency on the 23rd July 2012 for clinical 
use23. In the Czech Republic, ivacaftor was registered 
as Kalydeco®, however, today it is still without estab-
lished payment plan from the state health insurance 
system. The administrative procedure to determinate 
the appropriate payment from the state health insur-
ance started in June 2013, and ended in April 2015 
without any result. Another administrative procedure 
started in May 2015, but only the preliminary task of 
“obtaining documents” is currently underway24. This is 
very unfortunate and disappointing progress, consider-
ing the potential benefits.

Currently, the only practical way for CF patients to 
obtain this medication, is through the Patient Access 
Program for those who participated in the STRIVE and 
PROGRESS studies and those with severe airway ob-
struction. Another possibility is the use of § 16 of Act 
No. 48/1997 Coll., which is not optimal for this purpose 
because not all health insurance companies accept this 
payment method (not to mention the exhausting admin-
istrative process associated with it). 

We hope, that the convincing results of our study will 
contribute to a timely and positive decision from the regu-
latory authorities regarding payment for ivacaftor by the 
health insurance system of the Czech Republic.

CONCLUSION

Our results show the sustained efficiency of ivacaftor 
on pulmonary function for treatment periods up to six 
years. We also noted a marked reduction in antibiotic 
use and hospital stays. Short-term improvement of lung 

Fig. 1. Change in FEV1 in the STRIVE and PERSIST study 
participants.

Fig. 2. Change in FEV1 in a patient with severe airway obstruc-
tion.
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function was also observed in one patient with very severe 
airway obstruction.
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