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1  |  INTRODUC TION

Since the discovery of the association between the 
c.1521_1523delCTT mutation of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene with cystic fibrosis (CF) develop-
ment in 1989, technologies for screening CFTR gene mutations such 
as high-throughput sequencing (HTS), also known as next-generation 
sequencing, have assumed a key role in diagnosis and precision med-
icine based on genotype-specific small molecule therapies.1

This short report describes CFTR phenotypes and genotypes 
post-HTS application in patients from the Northeast region of 
Brazil. Furthermore, this report suggests possible personalized 

therapies that can be adapted according to mutations carried by 
patients with CF.

2  |  MATERIAL S AND METHODS

The study recruited 37 patients (1–37 years) between March 2018 
and March 2021 from the CF referral center of Onofre Lopes 
Hospital University in the Federal University Rio Grande do Norte 
(UFRN), Natal/RN, Brazil.

The inclusion criteria comprised a CF phenotype, two elevated 
sweat chloride tests (SCT) (>60 mmol/L) and genomic analysis using 
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development of this disease allows for the introduction of therapy with CFTR modula-
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a HiSeq 4000 platform. The HTS platform was based on a protocol 
developed in a multicentre study involving the Brazilian CF Group.2

Medical records retrieved for the study included information 
regarding age, sex, consanguinity, age at onset and diagnosis, body 
mass index (BMI), phenotypes, SCT values, microbiological analysis 
of sputum and genetic variants of CFTR.

For CFTR variants, the Human Genome Variation Society (HGVS) 
cDNA name was used.3,4

The ethics guidelines were established by the research com-
mittee of the UFRN and the Declaration of Helsinki (CAAE: 
55168816.1.0000.5292). All participants and/or their parents pro-
vided signed informed consent.

3  |  RESULTS

Table 1 shows the CFTR variants and phenotypes of the 37 patients. 
A total of 11 pathogenic variants were identified and categorized 
according to the CFTR classification. The most frequent pathogenic 
variant was c.1521_1523delCTT, a processing mutation which re-
sults in defective protein folding and trafficking to the cell surface 
(class 2 mutation). The other variants c.2988+1G>A, c.2989-3C>G, 
c.2052_2053insA, c.1624G>T, c.1083_1084insTATGA, c.11C>A, 
c.1766G>A, c.3266G>A and c.3846G>A belonged to class 1 and en-
compassed frameshift, nonsense and splicing mutations, resulting 
in severely reduced or absent CFTR expression.5,6 Another variant 
found was c.3718_2477C>T, a splice mutation that leads to lower 
amounts of proteins or a slightly altered proteins that reach the cell 
surface (class 5 mutation).5,6

Twenty patients were homozygous for c.1521_1523delCTT 
(54.1%) (patients 1–20) and seven were compound heterozygous 
(18.9%) for c.2052_2053insA (patient 21), c.11C>A (patient 22), 
c.3846G>A (patients 23 and 24), c.1766G>A (patient 25), c.2989-
3C>G (patient 26) and c.3266G>A (patient 27).

There were four patients (10.8%) without a c.1521_1523delCTT 
mutation: homozygous c.3266G>A (patient 28), homozygous 
c.1083_1084insTATGA (patient 29), compound heterozygous 
c.1624G>T and c.2988+1G>A (patient 30) and homozygous 
c.3718_2477C>T (patient 31).

In three patients with CF (8.1%), only one pathogenic variant 
(c.2052_2053insA, c.11C>A, and c.1521_1523delCTT) was detected 
(patients 32, 33 and 34, respectively). In addition, three patients 
(8.1%) (patients 35–37) had no variants found by HTS, with CF diag-
nosis based on their positive SCT and phenotypes.

Based on these genotypes, 25 patients (80.6%) with the 
c.1521_1523delCTT variant were eligible to enhance their respec-
tive multidisciplinary therapies with drugs recently approved by the 
US Food and Drug Administration, which have the potential to cor-
rect and potentiate the defective CFTR protein. The patients (aged 
2–5 years) with homozygous c.1521_1523delCTT were eligible for 
double-combination therapy with lumacaftor/ivacaftor (LUM/IVA) 
(patients 1, 2, 18–20). Twenty patients with CF aged >6 years with 
two copies of c.1521_1523delCTT and/or one copy of c.1766G>A 

could also benefit from both double-[tezacaftor/ivacaftor (TEZ/
IVA)] and triple-combination therapy [tezacaftor/ivacaftor/elex-
acaftor (TEZ/IVA/ELX)] (patients 3–17, 21, 22, 24–26).

Patients 23 and 27 could not benefit from triple-combination 
therapy because they were <6 years of age. There are yet no modu-
lators that could correct the defects in patients 28–31 with specific 
variants.

Other patients also had no indication for modulator therapy, as 
their CF diagnosis was based only on the disease phenotype profile. 
Patients 32–34, with one copy of a pathogenic variant, were consid-
ered to carry CF due to their phenotypes. Finally, patients 35–37, for 
whom HTS analysis did not reveal any variants, were continued to be 
monitored by the CF program team.

4  |  DISCUSSION

This short report enrolled 37 patients with CF in the Rio Grande do 
Norte region of Northeast Brazil. HTS genetic testing provided a de-
finitive molecular diagnosis in 31 patients (83.8%). Among them, 25 
patients with the c.1521_1523delCTT variant, categorized as a class 
2 mutation, and aged >2 years, could be treated with CFTR modula-
tor drugs.

Regarding CFTR modulators, IVA (a first-generation modulator) 
is known as a potentiator that binds to defective CFTR on the cell 
surface, keeping the chloride gate opened; LUM and TEZ (first-
generation modulators) as well as ELX (next-generation modulator), 
are known as correctors that bind to different sites on defective 
CFTR proteins, increasing the number of mature CFTR proteins on 
the cell surface.7,8 Some studies have tested the combination of 
LUM/IVA and reported rescue of CFTR function with positive re-
sults in patients with a homozygous c.1521_1523delCTT mutation.

In our study, patients aged 2–5 years (patients 1, 2, 18–20) 
were eligible for double-combination LUM/IVA considering their 
age and high SCT; two of them, patients 18 and 19, had inadequate 
BMI. In a study by McNamara et al., the use of LUM/IVA in chil-
dren aged 2–5 years with a homozygous c.1521_1523delCTT muta-
tion improved sweat chloride and faecal elastase-1 concentrations. 
Additionally, there was an increase in growth parameters and main-
tenance of adequate scores. However, there was no robust evidence 
of an improvement in lung function.9 Another study by Sagel et al. 
comprising 169 children (aged > 6 years) and adults demonstrated 
only improvement in BMI and reduction in SCT, but no difference in 
pulmonary infections and hospitalizations.10

For patients aged >6 years with at least one c.1521_1523delCTT 
copy (patients 3–17, 21, 22, 24–26), the newest triple combination 
in ELX/TEZ/IVA could be instituted, since the whole group had 
chronic lung disease, and the therapy would have the potential to 
reduce hospitalizations. In a trial with 64 children aged 6–11 years, 
Zemanick et al. reported that treatment improved lung function and 
BMI and reduced SCT after 24 months.11

Patients aged <2 years and carriers of genetic variants that are 
not targets of CFTR modulator therapies must strictly monitor their 
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nutritional status and lung function and wait for new modulator 
drugs to be developed that can provide better management of the 
disease.12–14

It is noteworthy that the classification of CFTR variants plays a 
key role in personalized therapies. Currently, HTS technology has 
represented a major advance in CF diagnosis, substituting traditional 
molecular methods, due to full genotypic screening, enabling the use 
of precision medicine in the treatment of patients with CF.15

5  |  CONCLUSION

This short report documented CFTR variants in patients with CF in a 
region of northeast Brazil, highlighting 25 patients (80.6%) that were 
eligible for CFTR modulator therapy. Five children aged 2–5 years 
could benefit from double LUM/IVA, and 20 patients aged >6 years 
could be treated with the triple-combination ELX/TEZ/IVA. Thus, 
HTS technology applied to the identification of pathogenic variants 
associated with the development of this disease allows for the intro-
duction of therapy with CFTR modulators that favour better patient 
management. Advanced searches for new modulators are in devel-
opment and in distinct phases associated with clinical strategies that 
could benefit every patient with CF.
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