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Abstract

Background: Cystic fibrosis (CF) is an autosomal recessive disorder caused by

CF transmembrane conductance regulator (CFTR) genetic variants. CFTR modulators

improve pulmonary function and reduce respiratory infections in CF. This study

investigated the clinical and laboratory follow‐up parameters over 1 year in patients

with CF who could not receive this treatment.

Methods: This retrospective cohort study included 2018 and 2019 CF patient data

from the CF registry of Turkey. Demographic and clinical characteristics of 294

patients were assessed, who had modulator treatment indications in 2018 but could

not reach the treatment.

Results: In 2019, patients younger than 18 years had significantly lower BMI

z‐scores than in 2018. During the 1‐year follow‐up, forced expiratory

volumes (FEV1) and FEV1 z‐scores a trend toward a decrease. In 2019, chronic
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Staphylococcus aureus colonization, inhaled antipseudomonal antibiotic use for

more than 3 months, oral nutritional supplement requirements, and oxygen

support need increased.

Conclusions: Patients who had indications for modulator treatments but were

unable to obtain them worsened even after a year of follow‐up. This study

emphasized the importance of using modulator treatments for patients with CF in

our country, as well as in many countries worldwide.
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body mass index, CFTR modulator, cystic fibrosis, forced expiratory volume, z‐scores

1 | INTRODUCTION

In recent years, cystic fibrosis (CF) treatment has progressed from

therapies aimed at treating the consequences of organ damage to

therapies aimed at modifying the CF transmembrane regulator

(CFTR) function, known as CFTR modulators. CFTR modulators

are classified as potentiators (such as ivacaftor [IVA]), correctors

(such as lumacaftor [LUM], tezacaftor [TEZ], and elexacaftor

[ELX]), and amplifiers. IVA is a CFTR potentiator whose action is

to prolong the duration of the opening of the CFTR channel

and thereby improve chloride transport. LUM, TEZ, and ELX

are correctors that alter the conformational deformation and

allow CFTR to move to its correct position on the cell surface

(trafficking).1,2

Previous studies demonstrated that CFTR modulators improved

weight, body mass index (BMI), and z‐scores, reduced sweat chloride

concentrations, increased predicted forced expiratory volumes

(FEV1) and quality of life, and decreased pulmonary symptoms.3 It

is well known that initiating modulator therapies early in the course

of CF can slow or even prevent the progression of pulmonary and

extrapulmonary complications.4 Over the past decade, the number of

mutations in the CFTR gene, which is a modulator treatment

indication, has increased, as has the number of patients with

indications for modulator therapy, and the age at which patients

start modulator therapy has decreased rapidly.5

These modulator drugs are currently licensed and used in many

countries for patients with CF. However, the annual cost of these

drugs has ranged between $270,000 and $310,000. These drugs are

costly for almost all countries. Therefore, modulators are inaccessible

to many patients unless covered by health system insurance.6 In our

country, Turkey, many patients with CF cannot obtain CFTR

modulators because they are not covered by insurance. Therefore,

we aimed to evaluate the clinical and laboratory characteristics of

patients with CF who had indications for CFTR modulator therapy

but were unable to receive it over a 1‐year follow‐up period. We

hypothesized that at the 1‐year follow‐up, patients with CF who

could not receive the CFTR modulator treatment would have

lower BMI, BMI z‐scores, FEV1 and FEV1 z‐scores, and increased

CF‐associated complications.

2 | METHODS

2.1 | Study participants and procedures

This is a retrospective cohort study that includes data from patients

in the CF registry of Turkey (CFRT) from 2018 to 2019. No patient in

our country had access to modulatory treatment during these years.

Data from patients in 2018 and 2019 who did not access modulatory

treatment despite being indicated for treatment were compared.

Data were analyzed regarding demographic and clinical char-

acteristics, including sex, current age, BMI and BMI z‐scores,

spirometry results, medications, presence of microorganisms, compli-

cations, and transplants.

BMI was calculated as weight in kilograms divided by height in

square meters (kg/m2), and BMI‐for‐age z‐scores were calculated

using the World Health Organization (WHO) anthropometric calcula-

tor (AnthroPlus v.1.0.4), which is based on the WHO Child Growth

Standards and Growth Reference data. BMI z‐scores were calculated

for patients under the age of 18. Spirometry indices were analyzed

using the European Respiratory Society/European Community for

Steel, and Coal/Knudson reference values.7

The modulator therapy indications and age groups of the patients

were determined according to Clinical and Functional Translation of

CFTR in 2018 (cftr2.org).8 The following criteria were used to

determine eligibility for modulator drugs: LUM/IVA for patients aged

2 years or older with two copies of the F508del mutation; TEZ/IVA

for those aged 6 years or older with two copies of the F508del

mutation or a single copy of one of the 26 specific mutations (A455E,

A1067T, D110E, D110H, D579G, D1152H, D1270N, E56K, E193K,

F1052V, F1074L, K1060T, L206W, P67L, R74W, R117C, R347H,

R352Q, R1070W, S945L, S977F, 711+3A>G, 2789+5G>A, 3272‐

26A>G, 3849+10kbC>T, and E831X); IVA for those aged 6 months or

older with a single copy of one of the TEZ/IVA‐approved mutations

or 12 other specific mutations (G178R, G551D, G551S, G1069R,

G1244E, G1349D, R117H, R1070Q, S549N, S549R, S1251N, and

S1255P); and ELX/TEZ/İVA for those aged 12 years or older with a

single copy or two copies of the F508del mutation. Our national data

shows that Turkish patients with CF have various CFTR mutations

due to our country's geographic location, historical background, and
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the high prevalence of consanguineous marriages. The most common

mutations are F508del, followed by G542X, 1677delTA, N1303K, and

2183AA‐ >G in 2018 in CFRT.9

The need for lung transplantation was assessed following the CF

Foundation recommendations.10 We defined chronic colonization

with Pseudomonas aeruginosa, Staphylococcus aureus, and Burkholder-

ia cephacia according to the “modified Leeds criteria” as applied in the

ECFSPR guideline; >50% of the samples collected over 12 months

(sputum/others) should be positive; at least four samples should be

collected.11

CFRT database, use of inhaled tobramycin, inhaled colistin, the

status of need for oxygen and noninvasive mechanical ventilation,

and the use of oral nutritional supplements are based on their

consecutive and continuous use for at least 3 months or more in

a year.

Pulmonary function tests in the CFRT database show the best

value of the year obtained during the patients' healthy period. Each

center annually recorded data of patients in a software program that

was specially developed for the CFRT. Totally 15 demographic and

79 annual data compatible with ECFS Patient Registry were recorded

in the CFRT, consisting of demographic features, diagnostic tests,

pancreatic sufficiency/in‐sufficiency status, complications, coloniza-

tion status, treatments, and transplantation status. At the end of each

year, data cleaning was undertaken by the board members, and a

private company performed statistical analysis. Perform a descriptive

cross‐sectional analysis was performed for statistical analysis.

Missing data were excluded from the analysis.12 This study was

conducted in accordance with the amended Helsinki Declaration, and

our local ethics committee approved all procedures involving human

participants. Before being registered in the registry system, the

patients and their families provided informed consent. A total of

1488 patients were enrolled in CFRT. Among these patients, 294

patients who have genetic mutations and indications for modulatory

treatment and have data for both the 2018 and 2019 years were

included in the study. The Preferred Reporting Items for Systematic

Reviews and Meta‐Analyses flow chart is depicted in Figure 1.

2.2 | Statistical analysis

Statistical analyses were performed using the Statistical Package for

the Social Sciences software (IBM SPSS statistical package; version

23.0) and Prism (GraphPad Software Inc). In descriptive statistics,

categorical variables were expressed as numbers and percentages,

while continuous variables were expressed as medians (minimum

[min]−maximum [max]). The homogeneity of variables was assessed

using the Kolmogorov−Smirnov test. The two dependent groups

were compared using the Wilcoxon signed‐rank test for the non‐

normally distributed data and the paired Student's t‐test for the

normally distributed data. The categorical variables were compared

between dependent groups using the McNemar tests. The changes in

FEV1 and FEV1 z‐score by years, as well as the effect of age

categories, were analyzed using the repeated measures analysis of

variance (ANOVA) test. When the sphericity assumption was

violated, the Greenhouse−Geisser correction was applied. A p‐value

of less than 0.05 was considered statistically significant.

3 | RESULTS

In the registry, 294 out of 351 patients had data for both the 2018

and 2019 years (Table 1). In 2018, their mean age was 10.11 ± 6.1

years (min−max: 1−43) 2018. Among all patients, 147 patients (50%)

were female, and 147 (50%) were male. BMI z‐scores of patients

under the age of 18 decreased significantly in 2019 compared to

2018. However, in the 1‐year follow‐up of patients over the age of

18, there was a decrease in BMI z‐scores, but it was not statistically

significant. Three new patients were added to the BMI group under

18.5. It shows that 3 out of 14 patients' BMI scores had shifted to a

low level. Comparisons of BMI for patients older than 18 years

between the 2018 and 2019 follow‐ups are shown in Figure 2.

The respiratory sample colonization statutes, complications, new

support, and treatments of patients are shown in Table 2. In 2019,

chronic S. aureus colonization, inhaled antipseudomonal antibiotic use

for more than 3 months, and oral nutritional supplement require-

ments, use of inhaled DNase, hypertonic saline, and oral azithromycin

increased. Furthermore, the need for oxygen support increased

significantly in (p:0.004) 2019, while the need for noninvasive

mechanical ventilation increased but did not reach statistical

significance.

FEV1 and FEV1 z‐scores were evaluated by categorizing the

patients into three age groups: 5−12, 12−18, and over 18 years. It

was found that as the age group of patients increased for both the

2018 and 2019 years, FEV1 and FEV1 z‐scores a trend toward a

decrease. At the 1‐year follow‐up, there was a decrease in FEV1 and

FEV1 z‐scores for the 12−18 years, but it was not statistically

significant (Table 3).

The changes in FEV1 and FEV1 z‐score were analyzed over time,

as well as the effect of age categories, using the repeated measures

ANOVA test, and the results revealed that age categories had no

statistically significant effect on FEV1% and FEV1 z‐score decline

(p = 0.2 and 0.68, respectively). However, the number of patients

with an FEV1% of less than 50% increased significantly (Table 4).

Among the patients with indications for modulator therapy, three

patients died in 2018, two died in 2019, and two underwent lung

transplantation in 2018.

4 | DISCUSSION

The present study demonstrates that the clinical characteristics of

patients with indicated CFTR modulators worsened even after a

1‐year follow‐up when CFTR modulators were not available. In detail,

we demonstrated that the number of patients who require oxygen

support and those who must be referred to a lung transplantation

center increased due to having FEV1% less than 50%.
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F IGURE 1 Flow chart for including patients.

TABLE 1 BMI and BMI z‐scores of
patients in 2018−2019.

Group 2018 mean ± SD\n (%) 2019 mean ± SD\n (%) p

BMI z‐scores (n = 272)a −0.38 ± 1.52 −0.43 ± 1.52 0.01b

BMI (kg/m2) n:22c 20.68 ± 3.85 (14.3−29.3) 20.42 ± 4.1 (12.8−30.2) 0.5b

BMI (kg/m2) n:22c

<18.5 5 (22.7) 8 (36.3) 0.08d

18.5−24.9 14 (63.6) 11 (50)

25−29.9 3 (13.6) 3 (13.6)

Note: Bold p‐values indicate statistically significant results at the 5% significance level.

Abbreviations: BMI, body mass index; SD, standard deviation.
aBMI z‐score was calculated for only patients <18 years.
bWilcoxon.
cBMI kg/m2 score was calculated for patients ≥18 years.
dMc Nemar test.
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BMI is one of the primary outcomes in most CFTR modulator

studies.13 Previous studies consistently show that CFTR modulators

result in significant weight and BMI improvements.14 The 3‐year data

on IVA collected by Sawicki et al. also revealed an improvement in

BMI and weight‐for‐age z‐scores.15 The United States and United

Kingdom registries of IVA follow‐up studies revealed a 5‐year

improvement in BMI from 1.6 to 2.4 kg/m2 in the United States and

from 0.9 to 1.9 kg/m2 in the United Kingdom.16 In Liou et al.'s 5‐year

survivorship study, weight‐for‐age z‐scores had a substantial impact

on long‐term outcomes.13 Our findings revealed a significant

decrease in the patients' BMI z‐scores. Our patients could not

receive CFTR modulators during the 1‐year follow‐up period, and we

believe that if they could, their BMI z‐scores would not decrease or

even increase.

Patients with CF experience frequent acute pulmonary exacer-

bations, necessitating repeated hospitalizations, and lengthy courses

of IV antibiotics that require invasive procedures.17 Previous studies

have suggested that CFTR modulators may improve clinical outcomes

by correcting the dysregulated immune functions that characterize

CF by enhancing leucocytic antibacterial function and reducing

chronic inflammation. One of the earliest studies found that

neutrophils from patients with CF taking IVA had increased

neutrophil killing of the P. aeruginosa.18 A recent study using UK

F IGURE 2 Comparison of BMI scores for patients older than 18
years between 2018 and 2019. BMI, body mass index.

TABLE 2 Complications, new support, and treatments of
patients with data in both 2018 and 2019.

Variables

2018
(n = 294)
n (%)

2019
(n = 294)
n (%) p

Chronic colonization of
Pseudomonas aeruginosa

82 (28) 77 (26.2) 0.470

Chronic colonization of
Staphylococcus aureus

96 (32.7) 111 (37.8) 0.050*

Chronic colonization of
Burkholderia cephacia

2 (0.7) 3 (1) 1

Using inhaled
antipseudomonal
antibiotics >3 months

80 (27.2) 92 (31.3) 0.008*

Inhaled tobramycin 61 (20.8) 73 (24.8) 0.020*

Inhaled colistin 28 (9.8) 37 (12.5) 0.160

DNase 275 (93.5) 283 (96.3) <0.008*

Hypertonic saline ≥%3 30 (10.2) 47 (16) <0.001*

Azithromycin 17 (5.8) 27 (9.2) <0.040*

Oxygen support 4 (1.4) 13 (4.4) 0.004*

Noninvasive mechanical

ventilation

9 (3.1) 14 (4.8) 0.060

Oral nutritional supplements 169 (57.5) 193 (65.6) <0.001*

Allergic bronchopulmonary
aspergillosis

9 (3.1) 10 (3.1) 0.500

CFRD 11 (3.7) 13 (4.4) 0.720

Chronic liver diseases 40 (13.6) 44 (15) 0.540

Major hemoptysis over

250mL

2 (0.7) 2 (0.7) 1

Pneumothorax 1 (0.3) 1 (0.3) 1

Note: * and bold p‐values indicate statistically significant results at the 5%
significance level.

Abbreviation: CFRD, cystic fibrosis‐related diabetes mellitus.

TABLE 3 FEV1 and FEV1 z‐scores of patients with data in both
2018 and 2019.

Variable
2018 (n = 160)
mean (SD)

2019 (n = 160)
mean (SD) p

FEV1% (years)

5−12 (n:59) 95.72 (17.73) 96.42 (18.41) 0.730a

12−18 (n:73) 84.08 (27.01) 82.94 (30.16) 0.940a

>18 (n:28) 66.64 (28.75) 64.5 (28.75) 0.320a

FEV1 z‐score (years)

5−12 (n:59) −0.67 (1.35) −0.66 (1.5) 0.950a

12−18 (n:73) −1.82 (2.09) −1.99 (2.23) 0.270a

>18 (n:28) −3.04 (2.22) −3.04 (2.51) 0.550a

Abbreviations: FEV1, forced expiratory volumes; SD, standard deviation.
aWilcoxon test.

TABLE 4 Number of patients with FEV1% <50 and % <30 in
2018 and 2019.

Group 2018 (n = 173) n (%) 2019 (n = 173) n (%) p

FEV1% < 50 23 (13.3) 29 (16.7) 0.004a

FEV1% < 30 5 (2.9) 7 (4) 0.250a

Note: Bold p‐values indicate statistically significant results at the 5%
significance level.

Abbreviation: FEV1, forced expiratory volumes.
aMc Nemar test.
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registry data on IVA use in 276 patients found an early and sustained

reduction in P. aeruginosa infection, a reduction in Aspergillus

infection, and a minor reduction in S. aureus infection, but a

nonsignificant change in Burkhodelpheria Cepacia complex over

6 years.19 In addition to the literature, it was shown in our study

that the number of patients who needed antipseudomonal inhaled

treatment increased, although the number of patients with chronic

pseudomonas did not increase.

CF causes pancreatic dysfunction, and cystic fibrosis‐related

diabetes (CFRD) is typically diagnosed in patients with pancreatic

insufficiency.20,21 After IVA therapy, insulin secretion has been found

to improve.22,23 It was also shown that taking LUM/IVA for a year

improved glucose metabolism in patients with either glucose

intolerance (78%) or CFRD (22%).24 The data from patients who

were followed prospectively for up to 5 years in the US registry and

up to 4 years in the UK registry revealed a reduced prevalence of

CFRD in the IVA group (30% vs. 40% in the US registry and 21% vs.

29% in the UK registry).25 In the current study, two new patients

(0.68%) were diagnosed with CFRD during the study period. Because

our study shows only 1‐year follow‐up findings, we could not reach

the appropriate conclusion regarding the long‐term complications

of CF.

FEV1 is the most commonly used measure of respiratory

outcome, which can be expressed as a percentage predicted adjusted

for age, sex, and height or as an annual percentage decrease. These

FEV1 scores are essential predictors of morbidity and life expectancy

in patients with CF.26 In randomized studies, TEZ/IVA and IVA

increased FEV1 by 6.8% and reduced acute pulmonary exacerbations

by 46% compared to the placebo.27 In another study, improved lung

function and nutritional status were found after 3 months of ELX/

TEZ/IVA treatment.28 The results showed that a trend toward a

decrease in FEV1 is in line with the expected annual decrease in CF

patients.29 We believe that if our patients could access the

appropriate modulators, their FEV1 values would increase or at least

not decrease.

The most common cause of CF‐related mortality is pulmonary

disease (60%), and lung transplantation is a surgical option that can

improve pulmonary complications and quality of life.10,30 A study on

US and UK data demonstrated that IVA use was associated with

reduced mortality risk and lung transplantation needs.25 We assessed

lung transplantation needs following the CF Foundation's recom-

mendations,10 and the number of patients with FEV1% of less than

50% increased significantly during the 1‐year follow‐up period. We

also found that the need for oxygen support increased significantly in

2019. These findings indicated an increase in the number of patients

necessitating lung transplantation evaluation within 1 year.

CFTR modulators are inaccessible outside Europe, North

America, and Australia. Even within Europe, some regions, such as

Eastern Europe and the Baltics, are still inaccessible to the IVA/LUM

combination. As of June 2021, CFTR modulators were almost

exclusively available in the world's wealthiest countries, with ELX/

TEZ/IVA being reimbursed in only 16 countries worldwide. There-

fore, it seems it will remain out of reach for patients outside the

world's wealthiest countries.31 The most important reasons why

these drugs are not within the scope of reimbursement in our country

are the high cost of drugs and the cost‐effectiveness of these

pharmacotherapies has yet been reported.32 Generic versions of all

CFTR modulator therapies are produced in Argentina, where patent

restrictions currently do not apply. Under the Trade‐Related Aspects

of Intellectual Property Rights agreement, commercial export of

generic drugs to a country where such products remain under patent

protection is not permitted.33 Unfortunately, in low‐middle‐income

countries like ours, where the gross national product was $9793 for

one person in 2018,34 most patients could not access these proper

treatments due to the exorbitant cost of these drugs. In these

conditions, it is impossible to continue the treatment in patients who

can reach the treatment individually due to the prohibitive cost.

The excessive cost and lifelong usage of these drugs, combined

with prolonged international drug patent laws by international

pharma companies and state that international pharma companies

have not promoted access to modulator therapy for patients in low‐

middle‐income countries, are significant obstacles that these countr-

ies face and need to overcome through awareness of CF in these

countries and global advocacy for equal access to affordable CF

therapies.32

Our findings should be considered in the context of the study's

limitations. First, we analyzed an existing data set. Second, the short

follow‐up duration could limit our findings. Despite these limitations,

to the best of our knowledge, this is the first study to examine the

clinical data and complications in patients with CF over a 1‐year

follow‐up period in Turkey since the approval of modulator therapy.

5 | CONCLUSION

In conclusion, patients with modulator indications who could not

obtain them worsened even after 1 year of follow‐up. We hope that

this study will raise awareness about the use of modulatory therapies

in our country as well as in many other countries worldwide.
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