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Abstract: The use of modulator drugs that target the cystic fibrosis transmembrane conductance 
regulator (CFTR) is the final frontier in the treatment of Cystic Fibrosis (CF), a genetic multiorgan 
disease. F508del is the most common mutation causing defective formation and function of CFTR. 
Elexacaftor-tezacaftor-ivacaftor is the first triple combination of CFTR modulators. Herein we report 
on a one-year case-control study that involved 26 patients with at least one F508del mutation. Pa-
tients were assigned to two similar groups, with patients with the worse clinical condition receiving 
treatment with the triple combination therapy. The study aims to define the clinical and especially 
microbiological implications of treatment administration. The treatment provided significant clini-
cal benefits in terms of respiratory, pancreatic and sweat function. After one year of therapy, airway 
infection rates decreased and pulmonary exacerbations were dramatically reduced. Finally, treated 
patients reported a surprising improvement in their quality of life. The use of triple combination 
therapy has become essential in most CF people carrying the F508del mutation. While the clinical 
and instrumental benefits of treatment are thoroughly known, further investigations are needed to 
properly define its microbiological respiratory implications and establish the real advantage of life-
long treatment with elexacaftor-tezacaftor-ivacaftor. 
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1. Introduction 

Cystic Fibrosis (FC) is the most common life-threatening autosomal recessive disease 
in the Caucasian population, affecting about 50,000 people in Europe [1]. It is caused by 
mutations in the gene encoding for the cystic fibrosis transmembrane conductance regulator 
(CFTR). To date, more than 2,000 variants are described for the CFTR gene, but F508del 
remains the most prevalent mutation, affecting approximately 85.3% of CF patients in Eu-
rope [2]. 

The CFTR protein is an epithelial anion channel involved in the transport of chloride 
and bicarbonate on the surface of cells, where it regulates salt and water balance. Any 
decrease or absence of CFTR activity leads to multifaceted clinical manifestations [3]. 
Cystic fibrosis is a chronic and progressive clinical disorder that affects the pulmonary, 
gastrointestinal, pancreatic and reproductive systems. Pulmonary disease represents the 
most problematic clinical issue in people with Cystic Fibrosis (pwCF) [4]. 

Notably, defects in the CFTR gene affect the most important regulator of airway sur-
face liquid hydration. The impairment of mucociliary clearance is the leading cause of the 
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progressive increase in the amount of mucus collected in the airways. The resulting pul-
monary environment allows airway pathogens to proliferate and toxic neutrophil media-
tors to accumulate, causing a vicious cycle of airway infection and inflammation that leads 
to progressive lung parenchymal damage and bronchial destruction, known as bronchi-
ectasis. Airways infections and respiratory failure are the primary cause of morbidity and 
early mortality in pwCF [5]. 

CFTR modulator drugs have recently become the final frontier in the treatment of 
CF. They improve or even restore expression, function and stability of CFTR in the pres-
ence specific mutations in distinct manners. Depending on their effects on CFTR muta-
tions, they are classified into five main groups: potentiators, correctors, stabilizers, read-
through agents and amplifiers. To date, four CFTR modulators have been licensed for the 
treatment of pwCF carrying specific CFTR mutations [6-7]. Elexacaftor-tezacaftor-iva-
caftor, marketed as Trikafta® (FDA) or Kaftrio® (EMA), is the first triple combination ther-
apy containing two correctors and a potentiator of the channel [8]. In June 2021, it was 
approved in Italy for use in patients aged 12 years and older with one F508del mutation 
(F/any) in the CFTR gene [9]. In Italy, the triple combination therapy was allowed for com-
passionate use before this date. Herein we report on a one-year case-control study of 26 
patients enrolled at the Regional Reference Centre for Cystic Fibrosis in Palermo, Italy. 

2. Results 
Data were retrospectively extracted from the patients’ medical records and from each fol-
low-up visit. Table 1 refers to control group patients, while Table 2 reports relevant clinical 
data of patients on triple combination therapy. 

                        Table 1. Clinical data of control group patients. 

PATIENTS 
Best FEV1 Best BMI 

NUMBER OF 

PULMONARY 

EXACERBATIONS 

2019/20 2020/21 2019/20 2020/21 2019/20 2020/21 

1 56 60 27.6 28.9 0 1 

2 81 86 20.1 20.1 0 0 

3 78 62 24.2 25.0 0 1 

4 65 67 21.7 20.8 0 0 

5 108 104 24.3 22.1 0 0 

6 65 68 24.4 24.8 0 1 

7 61 67 17.9 17.7 1 0 

8 66 74 20.7 20.7 0 1 

9 116 117 25.1 25.2 0 0 

10 64 72 22.4 23.2 1 1 

11 63 66 22.3 23.4 0 0 

12 106 74 24.3 24.1 0 1 

13 72 86 24.9 25.4 0 0 
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                                                           Table 2. Clinical data of case group patients. 

 
 LEGEND:  PATHOLOGICAL VALUES   BORDERLINE VALUES   NORMAL VALUES

PATIENTS 

PRE-
THERAPY 

FEV1  

 
POST-

THERAPY  
FEV1 

 

 
PRE-THERAPY 

BMI 
 

 
POST-THERAPY 

BMI 
 

PRE-THERAPY 
SWEAT TEST 

 
POST-

THERAPY 
SWEAT TEST 

 

CFQR 
NUMBER OF 

PULMONARY 
EXACERBATIONS 

T0 T6 T12 T0 T6 T12 T0 T6 T12 T0 T6 T12 T0 T6 T12 T0 T6 T12 PRE POST PRE POST 

1 28 35 37 49 57 60 17.2 17.5 17.4 17.1 17.1 17.5 82 84 78 86 84 78 33 100 4 0 

2 29 37 24.6 32 45 58 26.2 26.2 26.9 27.1 27.2 27.2 109 90 86 86 44 35 34 100 2 0 

3 30 28 30 32 45 44 20.2 19.4 20.1 19.2 24.1 24.8 119 100 90 88 66 65 36.6 100 2 1 

4 23 25 21 18 51.7 52 19.1 19.6 19.4 21.6 24.1 23.0 109 105 98 103 46 36 22 100 5 0 

5 22 27 22 26 48 60 19.3 20.1 19.5 19.5 21.5 22.3 67 75 72 67 36 30 72.2 100 9 0 

6 27 25 28 29 38 45 17.6 18.0 17.7 20.3 22.9 22.1 98 95 96 98 74 100 49 100 3 1 

7 45 37 45 37 49 45 25.1 25.3 25.2 25.3 25.2 25.4 60 68 65 107 60 38 33.3 100 1 0 

8 20 18 15 18 24 45 15 15.1 14.8 14.8 18.2 19.5 109 119 98 104 73 36 44.4 100 7 0 

9 21 15 17 17 36 42 19.1 19.2 18.2 20.7 22.4 22.7 78 86 90 95 50 48 61 100 3 0 

10 33 31 33 25 42 46 21.4 19.7 20.8 21.4 25.4 26.6 109 98 109 109 67 38 77.8 100 12 0 

11 25 27 25 27 45 56 17.7 18 17 18.2 18.5 18.6 93 82 82 93 34 37 78.9 100 2 2 

12 25 27 29 22 38 43 19.2 20.0 19.4 20.1 24.2 23.1 130 118 101 124 37 38 44.4 100 1 0 

13 22 25 28 30 45 50 7.3 7.8 8.1 7.3 14.5 15.4 128 108 115 138 46 48 22 100 10 0 
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2.1. Clinical results 

•  FEV1 

The spirometric analyses show an increase of approximately 10-15% in ppFEV1 
in all treated patients compared to the previous data collected with no therapy 
in place. On the other hand, no change was reported in this respect in control 
group patients, where ppFEV1 values are steady.  

• Radiological findings 

The computed tomography (CT) scan, performed on treated patients only, de-
tected a reduction in pulmonary damage and bronchial destruction. All treated 
patients still had signs of structural changes in their respiratory tissue, including 
multiple bronchiectasis and scarring lesions associated with pulmonary fibrosis. 
Even though these structural changes are still visible, imaging data showed no 
further parenchymal damages. Notably, signs of air trapping and mucoid im-
paction appear to be less evident in all patients (100%) after treatment. Further-
more, parenchymal lung nodules and signs of regional lymphadenopathy dis-
appeared after the elexacaftor-tezacaftor-ivacaftor combination therapy. 

• Nutritional status  

Both groups of patients maintained approximately the same body mass index 
(BMI) values during the period of observation, with slight but significant in-
creases in the BMI of treated patients. 

• Sweat chloride values 

In the majority of the cases (77%), the results of sweat tests reported a decrease 
in sweat chloride values, showing a trend towards the functional recovery of 
the sweat glands.  

• CFQ-R questionnaire 

Administered to all treated patients, the CFQ-R questionnaire shows absolute 
changes in the scores collected post-therapy: all patients (100%) reported a score 
of 100, indicating an improvement in their quality of life. 

 
2.2 Microbiological results 

In all of the study patients (100%), microbiological data report continuous air-
way colonization/infection rates. In line with the above, all sputum samples col-
lected in both groups show constantly positive results. A number of 120 strains 
were collected and divided into Staphylococcus aureus (55), Pseudomonas aeru-
ginosa (38), Aspergillus niger (1), Achromobacter xylosoxidans (5), Candida albicans 
(5), Candida freundii (1), Candida lusitaniae (1), Candida parapsilosis (2), Enterobacter 
cloacae (1), Escherichia coli (3), Klebsiella pneumoniae (3), Proteus mirabilis (1), Steno-
trophomonas maltophilia (2) and Streptococcus pneumoniae (2). The most prevalent 
pathogens in the airways are S. aureus and P. aeruginosa, which are the relevant 
bacteria regularly reported in the sputum samples collected.  
The main difference between the two groups of patients consists in the most 
prevalent bacterial species detected in the respiratory samples (Tables 3 and 4). 
P. aeruginosa is the most common bacterium found in treated patients: it was 
often detectable in a context of polymicrobial airway colonization in association 
with other clinically relevant microorganisms in CF. On the contrary, S. aureus 
is the most prevalent bacterium isolated from the control group patients’ sputum 
samples.  
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Table 3. Microbial prevalence in case group patients.

TREATED 
PATIENTS 

BEFORE TREATMENT AFTER TREATMENT 

 

 
P <0.05 

    

 

 

 
P <0.05 

 
 
P <0.05 

  

 

 
 

 

 
P <0.05 

1 9 11% --- 100% --- 67% 4 1 --- --- 100% --- --- 0 

2 6 --- 100% --- --- 33.3% 2 2 --- 100% 50% --- --- 0 

3 6 --- 100% --- --- 17% 2 7 --- 100% --- --- --- 1 

4 8 --- 25% 87.5% 12.5% 12.5% 5 2 --- --- 100% --- 50% 0 

5 8 75% 12.5% 37.5% --- 12.5% 9 1 100% --- --- --- --- 0 

6 9 22.2% --- --- 100% 44.4% 3 4 --- --- --- 75% 50% 1 

7 5 80% --- --- --- 40% 1 2 --- --- 50% --- 50% 0 

8 7 --- 100% --- --- --- 7 1 --- 100% 100% --- --- 0 

9 8 87.5% 87.5% 62.5% --- --- 3 4 25% 100% 75% --- 50% 0 

10 18 11.1% 5.5% 33.3% --- 100% 12 3 33.3% --- 100% --- 33.3% 0 

11 6 67% --- --- --- 67% 2 1 --- --- --- --- 100% 2 

12 4 25% --- --- --- 75% 1 2 --- --- 50% --- 100% 0 

13 13 31% --- 85% 92.3% 46% 10 1 100% --- --- 100% 100% 0 
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Table 4. Microbial prevalence in control group patients.

CONTROL 
PATIENTS 

PERIOD OF OBSERVATION: 2019-2020 PERIOD OF OBSERVATION: 2020-2021 

 

    

 
 

   

 

 
 

 

1 3 --- 100% 33.3% --- 33.3% 0 5 --- 80% 40% --- 40% 1 

2 4 --- --- 100% 50% 25% 0 2 --- --- 50% 50% --- 0 

3 3 33.3% --- 100% --- 33.3% 0 4 --- --- 100% --- --- 1 

4 3 --- 100% 33.3% --- --- 0 2 --- 100% --- --- --- 0 

5 3 --- --- 100% --- --- 0 3 --- --- 100% --- 33.3% 0 

6 3 --- 100% 100% --- --- 0 6 --- 17% 100% --- --- 1 

7 5 40% --- 100% --- 20% 1 2 50% --- 100% --- --- 0 

8 3 --- 100% 33.3% --- 33.3% 0 5 --- 100% 80% --- 20% 1 

9 2 --- --- 50% --- 50% 0 4 --- --- 25% --- 75% 0 

10 10 80% 100% 60% --- 10% 1 6 100% 83% 83% --- --- 1 

11 2 100% --- 50% --- --- 0 5 20% 80% 80% --- 20% 0 

12 5 --- --- 100% --- 20% 0 2 --- --- 100% --- 50% 1 

13 5 --- --- 100% --- --- 0 1 --- --- 100% --- --- 0 
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Despite the above microbiological data, the sputum samples collected from case 
group patients after treatment show a decreasing rate of microbial colonization, 
progressively resulting in negative respiratory samples following no detection of 
relevant pathogenic microorganisms. The pulmonary colonization rates of 
treated patients dramatically decreased after just one year of therapy, resulting 
in almost half (45.3%) of the sputum samples analyzed during the treatment pe-
riod becoming negative. 
 

2.3 Statistical analysis 

Finally, this study related airway colonization rates and number of pulmonary 
exacerbations in each patient. The statistical analysis showed a statistically sig-
nificant reduction (P<0.05) in the number of pulmonary exacerbations after one 
year of combination therapy with elexacaftor-tezacaftor-ivacaftor in case group 
patients. 77% of these patients reported no further hospitalizations. By contrast, 
the same statistical analysis does not show a significant reduction in pulmonary 
exacerbations for the control group.   

 

3. Discussion 

In 1989, the discovery of the CFTR gene provided adequate understanding of the 
structure, processing and role of the CFTR protein in the healthy epithelial tis-
sue. This tremendous amount of information enabled us to understand how any 
defect in this anionic channel can lead to multiorgan disease. In the last few dec-
ades, international research has designed new molecules that have the power to 
modulate the defective CFTR channel based on specific mutations occurring in 
CF patients. Modulator drugs thus have become the most promising and newest 
therapy in the treatment of CF [10]. 

The latest therapeutic option is the triple combination of elexacaftor-tezacaftor-
ivacaftor. This is the first triple combination of modulator drugs approved for 
the treatment of pwCF aged 12 years and older carrying at least one F508del 
mutation in the CFTR gene. Since F508del is the most prevalent mutation in 
pwCF worldwide, the triple combination therapy is currently the treatment op-
tion for most of these patients. The use of modulator drug therapy, in particular 
the triple combination therapy, has become essential in a disease characterized 
by chronic symptomatic therapies only [11]. Therefore, modulator drugs revolu-
tionized the way of thinking about the management and treatment of pwCF [12]. 

The triple combination therapy results in significant clinical benefits that exceed 
any results reported with the previous modulator drugs used alone or in combi-
nation [13,14,15]. In line with this, the present study highlights how only one 
year of treatment with elexacaftor-tezacaftor-ivacaftor is sufficient to produce 
benefits that can be appreciated in several clinical and laboratory parameters. 
The design of this case-control study allowed us to define any changes in every 
selected parameter and compare their evolution in both groups of patients, 
whose only difference concerns therapy administration.  

The main limitation of this study lies in the small number of CF patients enrolled, 
but it should be considered that elexacaftor-tezacaftor-ivacaftor was formally 
approved in Italy only in June 2021. Before this date, triple combination therapy 
was only provided for compassionate use. For this reason, the present study 
made this treatment available only for a limited group of CF patients, i.e., those 
with worse clinical condition. 
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ppFEV1 values reflect a gradual improvement in the respiratory function in case 
group patients. A 10-15% increase is seen compared to the ppFEV1 values ob-
served during the previous period without triple combination therapy. Post-
treatment ppFEV1 values still mirror an unhealthy respiratory condition 
(ppFEV1 > 50-60%), but the increase in ppFEV1 results in the absence of severe 
pulmonary disease and critical airway obstruction. Nevertheless, the radiologi-
cal signs of persistent bronchial obstruction remain even after triple combination 
therapy. The effects of obstinate inflammation are the most prevalent radiologi-
cal findings collected from the chest CT scan of every treated patient. The struc-
tural changes in the parenchymal respiratory tissue and bronchial airways in-
clude permanent damages that not even modulator drugs can remove. Because 
of their permanent nature, these structural changes persist even after long-term 
treatment. They are attributable to the lifelong vicious cycle of airway infection 
and inflammation that usually affects the respiratory system of pwCF for many 
years [5,16,17].  

All treated patients enrolled in this study were above 18 years of age and had 
severe pulmonary disease (ppFEV1 <40%). For this very reason, all of them had 
already experienced a chronic phlogistic state, responsible for the permanent 
structural changes in the pulmonary environment. Nevertheless, even though 
the elexacaftor-tezacaftor-ivacaftor triple combination therapy cannot remove 
these damages, it still can aid in avoiding further alterations that may result in 
increased morbidity and mortality rates in pwCF.  

The triple combination therapy has the power to improve the CFTR protein ac-
tivity in the whole pulmonary system. This reduces the obstruction and the high 
amount of mucus collected in the airways, leading to considerable improve-
ments in the clinical pulmonary disease. The low amount of mucus is key to a 
less persistent inflammation state. This makes the pulmonary tissue inappropri-
ate for the proliferation of pathogenic microorganisms. The lower rate of airway 
microbial colonization is the leading cause of decreasing pulmonary exacerba-
tions in treated patients.  

To the best of our knowledge, there is limited scientific evidence about the im-
plications of the elexacaftor-tezacaftor-ivacaftor therapy on lung microbial di-
versity. While the clinical and instrumental benefits of treatment are thoroughly 
known, it was surprising to notice a gradual decrease in the number of positive 
sputum samples. Airway infections are the primary concern for the lifelong 
health of CF patients. Several airway infections can occur in pwCF since their 
first months of life. These are always responsible for the unavoidable decline in 
respiratory function. Therefore, triple combination therapy seems to be the per-
fect way to prevent incessant infection and inflammation in pwCF carrying the 
specific F508del mutation. Thus, our primary goal was to observe the decreasing 
rate of infections, even those sustained by microorganisms usually responsible 
for chronic airway infections [18]. 

After only one year of triple combination therapy, 45.3% of the sputum samples 
collected were negative. There are reports in the literature of the impact of mod-
ulator drugs on CF lung microbiology, but they all refer to previous modulators. 
Only ivacaftor proves a direct effect on the lung microbiota, while lumacaftor 
induces cellular production of damaging reactive oxygen species. Ivacaftor is 
known to include a quinoline ring in its molecular structure, so it has already 
proven capable of reducing the growth of S. aureus and P. aeruginosa through the 
weak inhibition of bacterial DNA gyrase and topoisomerase IV [19,20]. Even the 
combination lumacaftor/ivacaftor suggests a moderate change in the lung mi-
crobiota [21]. However, all of these studies only report a temporary and relative 
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change in CF airway microbiology. Instead, a recent study documented the abil-
ity of elexacaftor-tezacaftor-ivacaftor to shift the microbiome and even metabo-
lome in the CF lung [22]. 

Therefore, it is reasonable to think that the action of triple combination therapy, 
restoring CFTR protein function, leads to a partial recovery of the respiratory 
function and to a lower microbial colonization rate at the same time. The three 
different combinations of modulators may probably have potent activity even 
on the pulmonary microbiota, preventing colonization and reducing infection 
rates. In addition, we actually do not know if, beside ivacaftor, any of the other 
modulator drugs (elexacaftor and tezacaftor) have a specific antimicrobial effect. 

It is essential to notice how the total benefits of triple combination therapy pro-
duce an improvement in the general health of pwCF. The absolute change in the 
quality of life, as shown by the CFQ-R after many months of treatment, is highly 
remarkable. All treated patients (100%) report the highest score on CFQ-R, 
which is a distinctive sign of a general recovery in their health. The CFQ-R is the 
best validated and most widely used questionnaire in CF. It allows patients to 
self-report any symptoms or changes in any aspect of their own life or health 
after a new therapy such as modulator drugs. For each of our treated patients, 
the CFQ-R score was calculated on a 0-100 scale, with higher score indicating 
better patient-reported outcomes (PROs) [23].   

The triple combination therapy shows its effects even on nutritional status. After 
one year of treatment, all patients maintained or reached their ideal BMI. We 
need to consider that some of these patients have exocrine pancreatic insuffi-
ciency and need adequate pancreatic enzyme replacement therapy (PERT). 
Some scientific evidence shows that triple combination therapy may even restore 
pancreatic sufficiency, resulting in PERT being unnecessary [24,25]. Further in-
vestigations are needed to fully understand the correlation between modulator 
drugs and pancreatic function but, as for our study, the positive effect of modu-
lators on the nutritional status of our patients is undeniable. 

Triple combination therapy shows its most significant effects in sweat test re-
sults. This therapy seems to have a positive impact even on sweat gland func-
tion, resulting in a progressive trend towards normalized and physiological val-
ues in the majority of our case group patients. The lower chloride rate ensures 
better thermoregulation and improved capacity to maintain salt-water balance, 
providing an opportunity to practice any physical activity without any peculiar 
clinical complications [26]. 

 

4. Materials and Methods 

A case-control study was performed in CF patients at the Regional Reference 
Centre for Cystic Fibrosis in Palermo, Italy, in 2020-2021. Twenty-six patients 
were enrolled and divided into two groups similar in age, gender, genotypes 
and clinical features (Table 5). The underlying genotypic characteristics were 
well known for each patient. The specific inclusion criteria for case group pa-
tients were: critical genetic condition (two F508del mutations - F/F - or one 
F508del mutation and one minimal function mutation - F/MF) and severe pul-
monary disease (percentage of predicted FEV1, ppFEV1, < 40%). Because of their 
worse clinical and genetic status, this group of patients received compassionate 
use of elexacaftor-tezacaftor-ivacaftor combination therapy. Inclusion criteria for 
the control group included: presence of at least one F508del mutation and mild 
pulmonary disease (ppFEV1 > 50-60%). None of the control group genotypes was 
eligible for any of the CFTR modulator drugs available at the time of the clinical 
study. For these reasons, this group of CF patients did not receive treatment.  
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In order to gather clinical data for each CF patient, the following clinical and 
laboratory parameters were performed at each follow-up visit: ppFEV1 by spi-
rometry, body mass index (BMI) by nutritional evaluation, total number of pul-
monary exacerbations and airway microbial colonization status by sputum cul-
ture analyses. Furthermore, because of their worse clinical condition, additional 
tests were performed in the case group patients: sweat test, computed tomogra-
phy (CT) scan of the chest and Cystic Fibrosis Questionnaire-Revised (CFQ-R). 
Data were gathered during one year of administration (2020-2021) for both 
groups of patients. In addition, to evaluate any changes in the same parameters, 
we also retrospectively collected data from the previous year (2019-2020) with-
out triple combination therapy.  

The ppFEV1, BMI and sweat test values were recorded into two 6-month obser-
vation periods (T0, T6, T12) during the prospective and retrospective collection of 
data in treated patients, while, for control group patients, ppFEV1 and BMI val-
ues were reported as the best values recorded per year of observation. The abso-
lute number of pulmonary exacerbations was obtained by adding all episodes 
occurring over the two periods of observation. Treated patients also filled out a 
CFQ-R questionnaire prior to starting and after completing one year of treat-
ment: a score was obtained for each CFQ-R to evaluate any changes in patient-
reported outcomes (PROs). Imaging data were collected from chest CT scans 
performed in case group patients both prior to starting and after completing one 
year of treatment. Lastly, sputum samples, collected at every follow-up visit, 
were analyzed following the current Italian guidelines on microbiological pro-
cedures for the processing of CF respiratory samples at the Microbiology and 
Virology Unit of Civico-Di Cristina-Benfratelli Hospital in Palermo, Italy [27]. 

Statistical analyses were also performed using the Fisher’s exact test. These data 
were used to compare qualitative changes between the two groups of CF pa-
tients: a P-value < 0.05 was considered significant. Each patient included in the 
study sample provided an informed consent for the study. 

                                             Table 5. General information about the two groups. 

 

       

 

 

 

 

 

 

 

 

 

 

PATIENTS TREATED WITH TRIPLE COMBINATION THERAPY 

PATIENTS AGE GENDER GENOTYPE 

1 25 M DF508/2183 AA >G 

2 50 M DF508/DF508 

3 48 M DF508/del2 ins182 

4 20 M DF508/G542X 

5 24 F DF508/DF508 

6 28 M DF508/N1303K 

7 35 M DF508/2183 AA <G 

8 21 F DF508/DF508 

9 23 F DF508/L102R 

10 23 F DF508/DF508 

11 29 F DF508/DF508 

12 43 F DF508/E585X 

13 18 F DF508/del ex2 
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5. Conclusions 

Triple combination therapy can profoundly modify the natural history of CF. 
Based on our findings, long-term treatment with elexacaftor-tezacaftor-ivacaftor 
can give rise to considerable clinical changes in pwCF, especially in CF pulmo-
nary microbiology. An effective modulator therapy, such as the triple combina-
tion therapy, may reduce the need for antibiotics, avoiding an enormous selec-
tive pressure on the lung microbiota. For this reason, we hope that this study 
will lead to more comprehensive future research to clarify the interactions be-
tween triple combination therapy and microorganisms, as well as to explain how 
modulator drugs can mitigate the pulmonary microbiota.  

The main future outlook includes the possibility of using the modulator therapy 
even in children < 12 years of age with the F508del mutation, whose efficacy was 
proven in a recent phase 3 clinical trial [28,29]. This evidence may lead to the 
early use of elexacaftor-tezacaftor-ivacaftor, which would have major implica-
tions on the pulmonary function of patients. Early administration may reduce 
airway infections, resulting in fewer structural changes, which may be the way 
to prevent rapid decline in pulmonary function and provide a better quality of 
life for longer. 

 

Author Contributions: Giuseppe Migliorisi: Conceptualization, Data curation, Formal 
analysis, Methodology, Investigation, Writing - original draft, Visualization. Mirella Col-
lura: Conceptualization, Methodology, Investigation, Project administration, Resources, 
Visualization. Francesca Ficili: Conceptualization, Investigation, Data curation, Formal 
analysis, Resources, Visualization. Tiziana Pensabene: Conceptualization, Investigation, 
Data curation, Visualization. Antonina Collura: Conceptualization, Investigation, Data 
curation, Visualization. Francesca Di Bernardo: Conceptualization, Investigation, Data 
curation, Visualization. Dafne Bongiorno: Conceptualization, Formal analysis, Investi-

CONTROL GROUP PATIENTS 

PATIENTS AGE GENDER GENOTYPES 

1 41 M DF508/2789+G >A 

2 31 F DF508/DF508 

3 19 M DF508/G542X 

4 44 F DF508/2183AA >G 

5 19 F DF508/D1152H 

6 43 M DF508/L558S 

7 18 F DF508/DF508 

8 33 M DF508/R1158X 

9 30 M DF508/DF508 

10 22 F DF508/G542X 

11 40 M DF508/2789+5G >A 

12 36 F DF508/2789+5G >A 

13 34 M DF508/G542X 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 April 2022                   doi:10.20944/preprints202204.0114.v1

https://doi.org/10.20944/preprints202204.0114.v1


 12 of 13 
 

 

gation, Writing - review & editing, Visualization, Supervision. Stefania Stefani: Concep-
tualization, Methodology, Investigation, Writing - original draft, Writing - review & ed-
iting, Visualization, Supervision, Project administration, Funding acquisition. 

Funding: This research received no external funding. 

Informed Consent Statement: Informed consent was obtained from all subjects involved 
in the study. 

Acknowledgments: We would like to thank PharmaTranslated (http://www.phar-
matranslated.com/) and in particular to Silvia Montanari for the language revision. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
 

1. 2018 European Cystic Fibrosis Society Patent Registry Annual Data Report. 
2. 2019 Patient Registry Annual Data Report, Cystic Fibrosis Foundation. 
3. Saint-Criq V, Gray MA. Role of CFTR in epithelial physiology. Cell Mol Life Sci. 2017 Jan;74(1):93-115. doi: 

10.1007/s00018-016-2391-y. Epub 2016 Oct 6. PMID: 27714410; PMCID: PMC5209439. 
4. Yu E, Sharma S. Cystic Fibrosis. 2021 Aug 11. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 

2021 Jan–. PMID: 29630258. 
5. Turcios NL. Cystic Fibrosis Lung Disease: An Overview. Respir Care. 2020 Feb;65(2):233-251. doi: 

10.4187/respcare.06697. Epub 2019 Nov 26. PMID: 31772069. 
6. Meoli A, Fainardi V, Deolmi M, Chiopris G, Marinelli F, Caminiti C, Esposito S, Pisi G. State of the Art on Approved 

Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) Modulators and Triple-Combination Therapy. Phar-
maceuticals (Basel). 2021 Sep 15;14(9):928. doi: 10.3390/ph14090928. PMID: 34577628; PMCID: PMC8471029. 

7. Lopes-Pacheco M. CFTR Modulators: The Changing Face of Cystic Fibrosis in the Era of Precision Medicine. Front 
Pharmacol. 2020 Feb 21;10:1662. doi: 10.3389/fphar.2019.01662. PMID: 32153386; PMCID: PMC7046560. 

8. Bear CE. A Therapy for Most with Cystic Fibrosis. Cell. 2020 Jan 23;180(2):211. doi: 10.1016/j.cell.2019.12.032. PMID: 
31978337. 

9. https://www.aifa.gov.it/en/-/aifa-approva-nuovi-farmaci-per-il-trattamento-della-fibrosi-cistica 
10. Montemayor K, Lechtzin N. The PROSPECT Is Bright for CFTR Modulators. Ann Am Thorac Soc. 2021 Jan;18(1):32-

33. doi: 10.1513/AnnalsATS.202007-881ED. PMID: 33385230; PMCID: PMC7780971. 
11. Mayer-Hamblett N, Nichols DP, Odem-Davis K, Riekert KA, Sawicki GS, Donaldson SH, Ratjen F, Konstan MW, 

Simon N, Rosenbluth DB, Retsch-Bogart G, Clancy JP, VanDalfsen JM, Buckingham R, Gifford AH. Evaluating the 
Impact of Stopping Chronic Therapies after Modulator Drug Therapy in Cystic Fibrosis: The SIMPLIFY Clinical Trial 
Study Design. Ann Am Thorac Soc. 2021 Aug;18(8):1397-1405. doi: 10.1513/AnnalsATS.202010-1336SD. PMID: 
33465316; PMCID: PMC8513667. 

12. Zaher A, ElSaygh J, Elsori D, ElSaygh H, Sanni A. A Review of Trikafta: Triple Cystic Fibrosis Transmembrane Con-
ductance Regulator (CFTR) Modulator Therapy. Cureus. 2021 Jul 3;13(7):e16144. doi: 10.7759/cureus.16144. PMID: 
34268058; PMCID: PMC8266292. 

13. Middleton PG, Mall MA, Dřevínek P, Lands LC, McKone EF, Polineni D, Ramsey BW, Taylor-Cousar JL, Tullis E, 
Vermeulen F, Marigowda G, McKee CM, Moskowitz SM, Nair N, Savage J, Simard C, Tian S, Waltz D, Xuan F, Rowe 
SM, Jain R; VX17-445-102 Study Group. Elexacaftor-Tezacaftor-Ivacaftor for Cystic Fibrosis with a Single Phe508del 
Allele. N Engl J Med. 2019 Nov 7;381(19):1809-1819. doi: 10.1056/NEJMoa1908639. Epub 2019 Oct 31. PMID: 31697873; 
PMCID: PMC7282384. 

14. Griese M, Costa S, Linnemann RW, Mall MA, McKone EF, Polineni D, Quon BS, Ringshausen FC, Taylor-Cousar JL, 
Withers NJ, Moskowitz SM, Daines CL. Safety and Efficacy of Elexacaftor/Tezacaftor/Ivacaftor for 24 Weeks or 
Longer in People with Cystic Fibrosis and One or More F508delAlleles: Interim Results of an Open-Label Phase 3 
Clinical Trial. Am J Respir Crit Care Med. 2021 Feb 1;203(3):381-385. doi: 10.1164/rccm.202008-3176LE. PMID: 
32969708; PMCID: PMC8020728. 

15. Heijerman HGM, McKone EF, Downey DG, Van Braeckel E, Rowe SM, Tullis E, Mall MA, Welter JJ, Ramsey BW, 
McKee CM, Marigowda G, Moskowitz SM, Waltz D, Sosnay PR, Simard C, Ahluwalia N, Xuan F, Zhang Y, Taylor-
Cousar JL, McCoy KS; VX17-445-103 Trial Group. 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, random-
ised, phase 3 trial. Lancet. 2019 Nov 23;394(10212):1940-1948. doi: 10.1016/S0140-6736(19)32597-8. Epub 2019 Oct 31. 
Erratum in: Lancet. 2020 May 30;395(10238):1694. PMID: 31679946; PMCID: PMC7571408. 

16. Schäfer J, Griese M, Chandrasekaran R, Chotirmall SH, Hartl D. Pathogenesis, imaging and clinical characteristics of 
CF and non-CF bronchiectasis. BMC Pulm Med. 2018 May 22;18(1):79. doi: 10.1186/s12890-018-0630-8. PMID: 
29788954; PMCID: PMC5964733. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 April 2022                   doi:10.20944/preprints202204.0114.v1

https://www.aifa.gov.it/en/-/aifa-approva-nuovi-farmaci-per-il-trattamento-della-fibrosi-cistica
https://doi.org/10.20944/preprints202204.0114.v1


 13 of 13 
 

 

17. Wielpütz MO, Eichinger M, Biederer J, Wege S, Stahl M, Sommerburg O, Mall MA, Kauczor HU, Puderbach M. 
Imaging of Cystic Fibrosis Lung Disease and Clinical Interpretation. Rofo. 2016 Sep;188(9):834-45. English. doi: 
10.1055/s-0042-104936. Epub 2016 Apr 13. PMID: 27074425. 

18. Cuthbertson L, Walker AW, Oliver AE, Rogers GB, Rivett DW, Hampton TH, Ashare A, Elborn JS, De Soyza A, 
Carroll MP, Hoffman LR, Lanyon C, Moskowitz SM, O'Toole GA, Parkhill J, Planet PJ, Teneback CC, Tunney MM, 
Zuckerman JB, Bruce KD, van der Gast CJ. Lung function and microbiota diversity in cystic fibrosis. Microbiome. 
2020 Apr 2;8(1):45. doi: 10.1186/s40168-020-00810-3. PMID: 32238195; PMCID: PMC7114784. 

19. Rogers GB, Taylor SL, Hoffman LR, Burr LD. The impact of CFTR modulator therapies on CF airway microbiology. 
J Cyst Fibros. 2020 May;19(3):359-364. doi: 10.1016/j.jcf.2019.07.008. Epub 2019 Aug 12. PMID: 31416774; PMCID: 
PMC7025810. 

20. Yi B, Dalpke AH, Boutin S. Changes in the Cystic Fibrosis Airway Microbiome in Response to CFTR Modulator 
Therapy. Front Cell Infect Microbiol. 2021 Mar 17;11:548613. doi: 10.3389/fcimb.2021.548613. PMID: 33816324; 
PMCID: PMC8010178. 

21. Neerincx AH, Whiteson K, Phan JL, Brinkman P, Abdel-Aziz MI, Weersink EJM, Altenburg J, Majoor CJ, Maitland-
van der Zee AH, Bos LDJ. Lumacaftor/ivacaftor changes the lung microbiome and metabolome in cystic fibrosis 
patients. ERJ Open Res. 2021 Apr 19;7(2):00731-2020. doi: 10.1183/23120541.00731-2020. PMID: 33898610; PMCID: 
PMC8053817. 

22. Sosinski LM, H CM, Neugebauer KA, Ghuneim LJ, Guzior DV, Castillo-Bahena A, Mielke J, Thomas R, McClelland 
M, Conrad D, Quinn RA. A restructuring of microbiome niche space is associated with Elexacaftor-Tezacaftor-Iva-
caftor therapy in the cystic fibrosis lung. J Cyst Fibros. 2021 Nov 22:S1569-1993(21)02131-7. doi: 
10.1016/j.jcf.2021.11.003. Epub ahead of print. PMID: 34824018. 

23. Ratnayake I, Ahern S, Ruseckaite R. A systematic review of patient-reported outcome measures (PROMs) in cystic 
fibrosis. BMJ Open. 2020 Oct 1;10(10):e033867. doi: 10.1136/bmjopen-2019-033867. PMID: 33004381; PMCID: 
PMC7534676. 

24. Megalaa R, Gopalareddy V, Champion E, Goralski JL. Time for a gut check: Pancreatic sufficiency resulting from 
CFTR modulator use. Pediatr Pulmonol. 2019 Aug;54(8):E16-E18. doi: 10.1002/ppul.24353. Epub 2019 May 7. PMID: 
31066218. 

25. Munce D, Lim M, Akong K. Persistent recovery of pancreatic function in patients with cystic fibrosis after ivacaftor. 
Pediatr Pulmonol. 2020 Dec;55(12):3381-3383. doi: 10.1002/ppul.25065. Epub 2020 Oct 22. PMID: 32910556. 

26. Ridley K, Condren M. Elexacaftor-Tezacaftor-Ivacaftor: The First Triple-Combination Cystic Fibrosis Transmem-
brane Conductance Regulator Modulating Therapy. J Pediatr Pharmacol Ther. 2020;25(3):192-197. doi: 10.5863/1551-
6776-25.3.192. PMID: 32265602; PMCID: PMC7134581. 

27. https://www.sifc.it/wp-content/uploads/2020/09/Raccomandazioni-Gruppo-Microbiologi-SIFC-2018.pdf 
28. Daines CL, Morgan WJ. The Future of Highly Effective Modulator Therapy in Cystic Fibrosis. Am J Respir Crit Care 

Med. 2021 Jun 15;203(12):1453-1455. doi: 10.1164/rccm.202104-0850ED. PMID: 33901406; PMCID: PMC8483216. 
29. Zemanick ET, Taylor-Cousar JL, Davies J, Gibson RL, Mall MA, McKone EF, McNally P, Ramsey BW, Rayment JH, 

Rowe SM, Tullis E, Ahluwalia N, Chu C, Ho T, Moskowitz SM, Noel S, Tian S, Waltz D, Weinstock TG, Xuan F, 
Wainwright CE, McColley SA. A Phase 3 Open-Label Study of Elexacaftor/Tezacaftor/Ivacaftor in Children 6 through 
11 Years of Age with Cystic Fibrosis and at Least One F508del Allele. Am J Respir Crit Care Med. 2021 Jun 
15;203(12):1522-1532. doi: 10.1164/rccm.202102-0509OC. PMID: 33734030; PMCID: PMC8483230. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 April 2022                   doi:10.20944/preprints202204.0114.v1

https://www.sifc.it/wp-content/uploads/2020/09/Raccomandazioni-Gruppo-Microbiologi-SIFC-2018.pdf
https://doi.org/10.20944/preprints202204.0114.v1

