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Abstract

ystic Fibrosis (CF) is an inherited disorder caused by mutations in CFTR gene that codes for Cystic
C Fibrosis Transmembrane-conductance Receptor anion channel. It is an autosomal recessive disease

which affects the cells that secrete sweat, mucous and digestive juice, making these fluids thick and
sticky, thus plugging ducts and tubes of various organs. The CF mutations are classified into various classes
(class I, II, III, IV, V and VI) based on the cellular phenotype and complexity of mutants. The knowledge and
understanding of biology and mechanisms of defects that underlie Cystic fibrosis paved a way to the
development of different therapeutic approaches for these mutation classes. Ivacaftor first CFTR potentiator
(FDA approved in 2012) is mostly used for Class III and IV mutations. Trials in patients with homozygous
F508del mutation, a most common type of CF mutation that involves protein processing defects, showed no
improvement with Ivacaftor alone, therefore, a double-combination therapy involving potentiator-corrector
i.e., Ivacaftor-Lumacaftor got approval in 2015 to treat patients homozygous for F508del mutation. Then
Ivacaftor-Tezacaftor (corrector) combination therapy was approved in 2018 which showed improved
tolerability as compared to lumacaftor. In 2019, Trikfta, a triple combination therapy, came into light. It
increases CFTR activity and is substantially considered to work more effectively in patients homozygous for
F508del mutation. Studies and clinical trials reveal the outperformance of Trikafta in other available therapies
in terms of respiratory symptoms, lungs functionality and quality of life on a whole.
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Introduction

Cystic Fibrosis (CF) is a severe form of autosomal
recessive disease indicated by the aberrant transport of
Epithelial electrolytes and results in elevation in the
concentrations of sweat chloride, recurring lung
infections, abnormal transport of bicarbonates and
chlorides in pancreas and airways, and pancreatic
insufficiency that ultimately leads to respiratory failure
[1]. For centuries, high concentration of salts in sweat
was the cardinal symptom of Cystic Fibrosis and was
associated with mortality of infants. In 1930s, Dorothy
Hansine noted the congested airways and pancreatic
lesions in children who died due to coeliac disease and
thus, comprehensively described Cystic Fibrosis for the
first time [2]. In early 1980s, Dr. Paul Quinton noted that
elevation in sweat electrolytes concentration in CF
patients was due to the absence of the pathway for
chloride reabsorption in CF sweat ducts [3]. In the same
decade, efforts were made to identify the genetic basis
of Cystic Fibrosis, which lead to the detection of Cystic
Fibrosis Transmembrane Conductance Regulator
(CFTR) gene in 1989 [4].

Cystic fibrosis (CF) is a genetic defect that has
influence on different organs of about 70,000 to 100,000
people throughout the world [5]. It is caused by
mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene, which affects the
function and expression of CFTR protein, leading to
defective transportation of chlorides and sodium ions
across membrane of different organs, such as, pancreas,
lungs, reproductive system, intestine and gall bladder

[6].
Methods

Literature Search and Selection Criteria

The literature was searched through Google scholar,
Google Website, ScienceDirect, NCBI and FDA(USA)
databases with the key words like “Cystic Fibrosis”,
“CFTR”, “Cystic fibrosis therapy”, “Cystic Fibrosis
Transmembrane Conductance regulator”, “Ivacaftor”,
“Lumacaftor”, “Tezacaftor”, Trikafta and “Personalized
medicine/drugs for Cystic Fibrosis’. Most recent articles

were preferred for content referencing.

Discussion

Molecular analysis of CFTR

Cystic Fibrosis Transmembrane Conductance Regulator
(CFTR) is a transmembrane channel for the bicarbonates
and chloride ions. The CFTR gene is present at position
q31-32 of long arm of chromosome 7 and encodes CFTR
protein [7]. It has 1480 amino acids and is expressed in
the membranes of the epithelial cells of some exocrine
organs, and functions to regulate the fluid and salt
homeostasis [8]. There are many membrane-integrated

subunits of CFTR Glycoprotein that form two domains
for nucleotide binding (NBD), two membrane-spanning
domains (MSD1 and MSD2) and a regulatory domain (R)
[9]. Membrane-spanning domain 1 (MSD1) and
membrane-spanning domain 2 (MSD2) play their role in
making channel pore walls and changes in their
conformation induce the opening and closing of channel
[10]. cAMP-dependent protein kinase A and C drive the
phosphorylation of regulatory domain (R), which in turn
enhances the association of nucleotide-binding domain
(NBD) and ATP, mediates changes in their
conformation and dimerize them in a head-to-tail
conformation as shown in Figure 1. This conformation
shows the channel’s opened state [11]. On the other
hand, when ATP is hydrolyzed, it sets the channel to
closed state [12].
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Figure 1: Diagrammatic representation of CFTR. Two membrane
spanning domain (MSD1 and MSD2), two domains for nucleotide
binding (NBD1 and NBD2) and a regulatory domain. The
transmembrane helices in the membrane-spanning domains form
the pores for conductance of ions.

The maturation of CFTR involves the complex folding
of domain, assembly and MSD2 double N-glycosylation.
During translation, process of CFTR maturation initiates
in the Endoplasmic Reticulum and continue in Golgi
Apparatus. In some instances, this process might
mismatch and retard at various steps. Autophagy or ER-
associated ubiquitin-dependent degradation system [13]
then degrade this defected CFTR or sometimes even wild
type CFTR protein. Upon reaching plasma membrane,
clathrin-dependent endocytosis internalizes the wild
type CFTR (WT- CFTR) and recycling endosomes recycle
them back to surface of the cell [14].

Cystic Fibrosis has been detected with more than 2000
mutations since the discovery of CFTR and has a direct
influence of socioeconomic status of patients and the
environmental conditions [15,16]. Lack in the
production of functional CFTR causes defective
secretion of bicarbonates (HCOs) and chloride (Cl-),
coupled with more secretion of mucous and enhanced
uptake of Na+. It dehydrates and acidifies the airway
surface liquid [17]. The failed mucociliary clearance
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aggravates the inflammation and infections of lungs by
bacteria (as shown in Figure 2) such as Aspergillus spp.
and Pseudomonas aeruginosa, resulting in higher
mortality and morbidity rates in CF patients [18].

Normal CFTR Channel
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Figure 2: Depiction of Normal and Defective CFTR. Normal CFTR
allows movements of ions across the membrane while defective
CFTR restricts the movements of ions and thus producing thick,
sticky mucous that may clog the tubes and ducts of different
organs.

Multi-Defects Etiologies

Pancreas

Apparently, there is a drastic impact of lack of CFTR on
the exocrine pancreatic secretions. Damage of pancreas
results in the inflammation, secretions of protein rich
viscous fluids that obstructs the ducts by forming muco-
protein plugs, destroy acini and form cysts in pancreas.
The changes start in utero and lead to pancreatic
insufficiency, which is apparent in 83% of Cystic Fibrosis
patients. Common clinical manifestations of pancreatic
insufficiency involve maldigestion, abdominal pain and
decreased BMI [19], deficiency of fat-soluble vitamins,
increased content of fats in feces that produce foul
smelling and oily stool. Progression in the damage of
pancreatic tissues lead to CF-related diabetes mellitus
[20].

Gastrointestinal tract

Gastrointestinal tract is one of the earliest parts of the
body that gets affected in Cystic Fibrosis. The exocrine
pancreatic insufficiency alters the intraluminal milieu
due to loss of pancreatic fluid rich in bicarbonates. The
prolonged postprandial acidity due to less secretion of
bicarbonates from lining of epithelial cells and the
dehydration of Iumen of intestine affects
gastrointestinal tract. The acidic environment has
drastic effects on the lining of cells and may also affects
the function of digestive enzymes. The dehydration of
intestine leads to intestinal obstruction due to build-up
of viscous mucous. In neonatal patients of Cystic
Fibrosis, this obstruction might result in meconium
ileus and in adults, it might result in distal intestinal
obstructive syndrome [20]. Thus, the loss of
bicarbonates, a drop in the activity of digestive enzymes

and decreased hydration of intestinal contents results in
the malfunctioning of gastrointestinal tract [21].

Liver

The biliary epithelium of apical membrane expresses
CFTR where it works in regulating the fluidity and
alkalinity of bile. A defective CFTR may impair the
alkalinity, hydration and secretion of the bile [22].
Progressive liver disease is regarded to be the third most
prevalent cause of death in Cystic Fibrosis patients.
Dehydrated and abnormally acidic bile is produced
because of malfunctioned CFTR and clogs the bile ducts.
This blockage of bile ducts activates pro-inflammatory
response which leads to portal hypertension, multi-
lobular cirrhosis, and fibrosis. Portal hypertension and
cirrhosis increase the risk of early mortality [23].

Lungs

CFTR is highly expressed in the airway tissues. Non-
functional or malfunctional CFTR causes decrease in the
secretion of bicarbonates and cAMP-dependent
chlorides into the airway secretions. In consequences,
mucins bind to the apical surface of bronchi and the pH
of airway surface fluid is decreased. Studies suggest that
acidification of airway surface might induce the defects
in the anti-bacterial defense of hosts [17]. Abnormal
secretion of bicarbonates and chlorides tether mucus to
the gland ducts [24]. Infections due to pathogens like
hemophilus influenza, pseudomonas aeruginosa,
klebsiella spp., and staphylococcus aureus lead to tissue
destruction, systemic inflammation and respiratory
insufficiency [25].

CFTR mutations and protein defects

Since Cystic Fibrosis is an autosomal recessive genetic
disorder, for CFTR gene to be affected, both copies of
CFTR gene must have mutation. Mutations identified till
to date have been classified into different classes (as
illustrated in Table 1) on the basis of mechanism [20].

Class I mutations

In class I mutations, there is reduction in the production
of CFTR protein or it may be absent completely or
partially. This loss of CFTR protein arise either from
non-sense mutation (premature termination codon),
frameshift mutation (deletion or insertion/ indel) or
splicing defects of mRNA [26]. Mutations in W1282X and
G542X generate premature termination codons (PTC)
and produce truncated proteins. Loss in the levels of
CFTR mRNA are also observed in nonsense-mediated
decay in which mRNA species containing abnormal PTC
are degraded [27]. The most common mutations of this
class are Trp1282X, Gly542X and Arg553X, counting up
to 7% patients of Cystic Fibrosis [20].
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Class II mutations

Class II mutations associate with the inappropriate
processing of protein due to poor stability or misfolding
of protein. The resulting protein is retained in the
Endoplasmic Reticulum where it is degraded by the
proteasomes [28]. This mutation results in defects in the
post-translational modification of CFTR protein.
Common mutation examples of this class are
Asn1303Lys, Phe508del, Ile507del, Arg560Thr. Class II
mutation prevail in up to 85% of Cystic Fibrosis patients
because of F508del mutation. F508del mutation is the
most prevalent type of mutation. In 45% of Cystic
Fibrosis patients, this mutation is present on both
alleles, while 70% patients have this mutation on one
allele. [20].

Class III mutations

Class III mutations are the missense mutations which
also termed as gating mutations and are present in the
ATP-binding domain of CFTR protein. These mutations
have little to no impact on how proteins are processed.
The mutant proteins get inserted to plasma membrane
but do not activate or gate normally due to
phosphorylation of protein kinase. The prominent
mutation of this class is G551D [29] and other mutations
include Gly178Arg, Ser549Asn. [30].

Class IV mutations

This class of mutations is present within the pore-
forming region of membrane spanning domain. This
missense mutation produces a protein and export it to
surface of cell from Endoplasmic Reticulum.
Phosphorylation of protein kinase activates the channel,
but this channel has little capacity for conducting the
anions through its pores. Class IV mutation is a milder
form since the ability of channel to conduct anions is
lowered, rather than a complete abolishment of
conductance. R117H mutation is the best suited in this
class, forming a properly processed protein and a
chloride channel which has reduced conductance [31].
Some other examples include Argl17Cys, Arg347Pro,
Arg334Trp mutations [30].

Class V mutations

In class V mutations, the Ilimitation in the
transcriptional regulation reduces the production of
CFTR protein [32]. Splicing error is produced which
affects the CFTR mRNA stability and ultimately
decreases the expression levels of CFTR. Common
examples of class V mutations include c.1680-886A>G,
A455E and ¢.2657+5G>A and accounts for less than 3%

Class VI mutation

In class VI mutations, the stability of CFTR is affected
and results in the increased turnover of CFTR protein
[33]. This mutation class destabilizes the CFTR channel
in plasma membrane or in post-ER compartments by
reducing the conformational stability of channel [34]
and thus resulting in increased turnover rate of protein
[35]. Examples of class VI mutations include GIn1412X,
4329delTC, 4279insA [30].

CF Diagnosis

Most of Cystic Fibrosis cases are diagnosed through
newborn screening strategy [36]. Screening of newborns
has a lot of benefits like early diagnosis, malnutrition
prevention, slowing down the progression of lung
disease and providing medical and psychosocial support
to the victims of CF and their families [37]. The newborn
screening is performed wusing Immunoreactive
Trypsinogen: IRT/DNA and IRT/IRT1/DNA [38].
Immunoreactive Trypsinogen (IRT) is protein marker to
check for the pancreatic diseases and inflammation and
is regarded as the initial indicator of positive screening
results [36]. Specificity and sensitivity of screening is
improved by employing DNA testing in combination
with IRT [39]. The IRT/DNA strategy identifies the
mutation in CFTR gene. It identifies patients that have
one or two copies of mutated genes. If both copies are
mutated, the patient is diagnosed with disease, but if
one mutated copy is present the patients are identified
as carriers of CF.

When patient has Immunoreactive Trypsinogen level
greater than 60ng/mL, then IRT/IRT1/DNA plays
clinically significant role, and the test is repeated within
two weeks. CFTR mutation analysis is done on patient’s
DNA if IRT levels are high. This method has sensitivity
levels of more than 99.5% [40]. After an initial screening
of newborns by IRT/DNA or IRT/IRT1/DNA, patients
undergo sweat chloride test. It measures quantitatively
the concentration of chlorides present in sweat and if
concentration exceeds 60mmol/L, CF is diagnosed [41].

Existing personalized therapies

Since discovery of Cystic Fibrosis gene in 1989,
researchers have been attempting to figure out how
mutations in CFTR gene manifest functional and
biochemical abnormalities in its protein. Knowledge of
these dysfunctionalities paved a way to the production
of pharmacologic agents for targeting these anomalies.
Correctors and potentiators of CFTR became available to
treat patients of Cystic Fibrosis (Sala MA et al., 2018).
FDA have approved these two classes of CFTR

cases of CF [20]. modulators (correctors/potentiators) to treat CF
patients.
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Mutation Class Class I Class I Class I Class IV Class V Class VI
CETR defect No functional Defective trafficking | Defective regulation Decreased conductance Reduced synthesis Decreased stability of

CFTR protein of CFTR of channel through channel of CFTR CFTR

. Frameshift, Amino acid Amino acid change, Amino acid change, Missense, slicing Amino acid change,

Mutation Types . . . . .

nonsense deletion, missense missense missense defect missense

Trp1282X Asn1303Lys Gly178Arg Argl17Cys 3120+1G-A GIn1412X
Mutation Gly542X Phe508del Ser549Asn Arg347Pro 5T 4329delTC
Examples Arg553X Ile507del Gly551Ser Arg334Trp 2789+5G—>A 4279insA

621+1G->T Arg560Thr Gly551Asp Argl17His 3849+10kbC—>T
Principle Severe Severe Severe Mild Variable Mild
Phenotype

. Stability of plasma
Outcomes of . Intracellular . Decreased movement of Reduced wild-type
. No protein . Gating defect membrane CFTR

CFTR Protein degradation Cl CFTR affected

Table 1: Different mutation classes of CFTR gene

Ivacaftor

Potentiators work efficiently against class III and IV
mutations [42]. These potentiators bind with CFTR
protein and increase the frequency of channel opening
and conductance of ions. The FDA approved potentiator
of CFTR is Ivacaftor (IVA). The collaborative research
between Vertex Pharmaceuticals and Cystic Fibrosis
Foundation initiated a high throughput screening (HTS)
utilizing a library of 228,000 compounds, which led to
discovery of Ivacaftor potentiator (VX-770, trade name
Kalydeco) [29]. It was originally licensed by FDA for CF
patients with G551D mutation. The primary target of
Ivacaftor is CFTR protein in which Glycine is switched
by Aspartic acid at position 551 (thus named G551D).
Patients with multiple CFTR gating mutations are
recommended to get Ivacaftor treatment [43]. The exact
molecular mechanism of Ivacaftor for increasing the
opening probability of CFTR channel is not clear but
work done by Hwang and colleagues reveal that
Ivacaftor stabilize the post-hydrolytic open state of
channel which leads to uncoupling of ATP hydrolysis
and increase the open state residence time [44]. Even
though G551D is the second most prevalent mutation of
CFTR, it is present only in 4-5% of CF patients and thus
Ivacaftor alone is not of a benefit for many patients.
Though it was initially approved to treat G551D
mutation patients, it is considered to work well against
some other gating mutations like G1349D, S1255P,
G970R, S1251N, G1244E, G5518, S549R, and G178R [45].
Two random placebo-controlled trials were made to
evaluate the safety and effectiveness of Ivacaftor in
patients that had at least one G551D mutation in CFTR.
Patients who received this drug were observed to
undergo changes in their CF manifestations and had a
risk of pulmonary exacerbation that was 55% lower than
that of patients who received placebo [46]. Ivacaftor
significantly reduced concentration of sweat chlorides
but could not enhance function of lungs, indicating that
a potentiator alone was insufficient for this mutant
protein [47]. Studies also revealed an increase in activity
of innate immune cell by Ivacaftor [48].

Ivacaftor-Lumacaftor

In 2015, a combination therapy involving Lumacaftor
(Corrector) and Ivacaftor (Potentiator- Orkambi) was
approved by FDA, to be used in patients (over 12 years
of age) who are homozygous for F508del mutation [49].
Since Ivacaftor assists in increasing the conduction of
chlorides through cell epithelium and increase the time
for opened state of channels, and Lumacaftor helps in
the delivery of F508del-CFTR protein to surface of cell,
these drugs, when combined, show improvement in the
underlying defect of F508del [50]. The in vitro studies
reveal 15% increase in the transport of CFTR chloride by
Lumacaftor alone, and a 30% increase by combination of
Lumacaftor and Ivacaftor. As observed in F508del
mutation, the conductance defect and abnormal folding
of CFTR can therefore be addressed by combining a
corrector and a potentiator [51].

Ivacaftor-Tezacaftor

Tezacaftor is a new CFTR corrector recently approved by
FDA to be used in conjugation with Ivacaftor. This
combination therapy was found to be effective in
patients with homozygous F508del mutation and
residual function mutation of the second allele. It shows
2.5 to 8.1% enhancement in trafficking and processing
of F508del-CFTR and in transport of chloride in
bronchial epithelial cells of human as compared to
normal cells. This combination is considered more
effective than Ivacaftor-Lumacaftor in terms of FEV1
improvements as well as its adverse effects are also less
than Ivacaftor-Lumacaftor [52].

Elexacaftor

Elexacaftor is a next-generation corrector of CFTR
because its mechanism and structure differ from those
of correctors like Tezacaftor. It is a better therapy for
those patients who have heterozygous F508del-CFTR
mutation and for genes that produce proteins which are
resistant to Tezacaftor or Ivacaftor [53]. This CFTR
corrector modulates the CFTR protein so that it boosts
the trafficking of mature CFTR proteins on the cell’s
surface. If this drug is used in combination with a CFTR
potentiator, it might improve multi-organ symptoms of
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cystic fibrosis, including nutritional status, functioning
of lungs and quality of life altogether [53].

Trikafta

In 2019, FDA approved a triple combination therapy,
Trikafta, which is a combination of one potentiator
(Ivacaftor) and two correctors (Tezacaftor and
Elexacaftor) (illustrated in Figure 3). Ivacaftor is thought
to directly work on mutant channel forming protein of
CFTR. Elexacaftor and Tezacaftor make a directly
interact with a mutant F508del-CFTR polypeptide. But
the main target of Trikafta is the epithelial cell linings of
all the tubular systems that get afflicted by Cystic
Fibrosis, i.e., pancreas, lungs, liver and gastrointestinal
tract [54]. Two double-blind, random phase three
studies were conducted in patients who were 12 years or
more in age and had at least one F508del mutation, after
that, FDA approved this drug. In first trial, 400 patients
were involved, and it was a placebo-controlled trial of
24-weeks. Second trial lasted for four weeks and
involved 100 patients having two comparable F508del
mutations. In these trials, pharmacokinetics,
tolerability, acceptability, performance and safety of the
drug were tested and studies revealed improvement in
respiratory symptoms, sweat chloride, pulmonary
exacerbation and lung functions [55]. Since FEV1 (forced
expiratory volume) and pulmonary exacerbation are
important predictors of clinical status of CF patients,
lowering of pulmonary exacerbations and improvement
in FEV1 was observed in these trials [56].

Portraiture on a wider frame; some Real-world
experiences

Although the modulator therapy has taken the world of
research as a storm and has a great potential, still the
fact cannot be neglected that there is a cost associated
with personalized medicine. The clinical trials for the
afore mentioned drugs enabled us to have access on
modulator therapies. However, these trials were made
on a specific population following strict exclusion and
inclusion criteria. Data extracted from the “real-world”
after these observational studies would better expand
our knowledge on the facts. Being the first licensed
modulator of CFTR, majority of the real-world data
relates to the working and effectiveness of Ivacaftor in
treatments [57]. Duckers and team reviewed the impacts
of Ivacaftor on pediatric population and in adults for up
to a period of 5 years and revealed that majority of cases
showed an increment of 5-10 percentage in the mean
absolute change in ppFEV1 from baseline [58]. A study
performed on adults with G551D revealed the benefits
were not sustained in ppFEV1 and ppFEV1 declined to
pre-treatment levels in 5 years [59]. Studies also showed
that benefits in ppFEV1 were sustained more in adults
than in children [60]. Significant decrease in pulmonary

exacerbations and infectious attacks of Aspergillus spp.
and Pseudomonas aeruginosa were also decreased.
Quality of life was reported to be improved and
maintained in 5.5years [60].

+ tezacaftor HCO3
+ elaxacaftor cl
> = 28"’
F508del- + ivacaftor
CFTR (
/ WT-CFTR
ER Golgi HCOs
trans golg| Cl

Figure 3: Working of Trikafta. Elexacaftor and Tezacaftor
improve the trafficking and cellular processing while Ivacaftor
potentiate opening of channel

Impacts of Lumacaftor/Ivacaftor treatment were
studied in French multi-center study and it was
demonstrated that treatment was correlated with
improvements in ppFEV1. Adverse effects in respiration
including bronchospasm and tightness of chest, were
observed in patients with advanced disease and thus
eighteen percent of patients discontinued their
treatment [61].

Real-world impacts of
Elexacaftor/Tezacaftor/Ivacaftor triple therapy are not
much prominent yet due to its recent approval but there
are some indications of improvements in patients with
severe disease of lungs, yet there is a need for more
efficient treatments to appear [62].

Post-licensing studies revealed more adverse events
related to Lumacaftor/Ivacaftor usage as compared to
other modulators. Respiratory and lung diseases are
observed, and their symptoms include tightening of
chest and dyspnea. These symptoms often prevail when
treatment is initiated and later discontinues in up to
30% of patients [63]. These symptoms do not relate to
use of other modulator combinations or even to use of
Ivacaftor alone, and so it is thought to be specific to
Lumacaftor. Clinical trials of Lumacaftor/Ivacaftor and
Elexacaftor/Tezacaftor expressed elevation in blood
pressure. Fatigue, headache and derangement of liver
enzymes are reported to be related to
Lumacaftor/Ivacaftor and rash is linked with usage of all
types of modulators [63]. Elevation in the levels of
creatinine kinase is also reported to be a rare event
related to all modulators.

Conclusion & Future Perspectives
Amplifiers
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Amplifiers are the compounds that increase the amount
of messenger RNA of mutant CFTR, resulting in
increased amount of CFTR protein and thus the
substrates of other modulators of CFTR. High
throughput screening was of help to identify these
amplifiers. They relate to variants of class V mutation or
can be used in combination with potentiators and
correctors or can be used with all variants, other than
those that do not produce mRNA. Their effects showed
benefits in preclinical studies but still are to be
investigated in clinical trials [57].

Read-Through agents

Despite many successful CFTR modulators have been
developed to treat Cystic Fibrosis, still other classes of
CFTR variants are needed to be studied. premature
termination codons (PTCs) are the cause of class I
mutation and result in defective CFTR protein [64]. Such
variants may be treated by read-through agents that
result in production of full-length CFTR. The read-
through agents of PTC mutation replace the mutant stop
codon with another amino acid. Insertion of amino acid
is random, but preference is mostly given to tyrosine,
tryptophan, glutamine, arginine or cytosine
[65]-Ataluren is a read-through agent that showed
promising results when discovered but it is not of much
benefit in larger clinical trials [66]. Some other read-
through agents like ELX-02 are going through clinical
investigations. In preclinical studies, ELX-02 showed a
dose-dependent read-through of nonsense mutation to
yield full-length CFTR protein, but the compound is still
under study [67].

Some other modulators

Some CFTR modulators are on their way to
development. These include corrector Navocaftor
(ABBV-3067) and potentiator Galicaftor (ABBV-2222).
ABBV-2222 was checked for its working in lung
functions in the phase 2 clinical studies, but it did not
show significant improvements alone. In combination
with ABBV-3067, ABBV-2222 was found well tolerated
and is under investigation [68]. Another potentiator,
ABBV-119 is under clinical trials for its triple
combination therapy with Galicaftor and Navocaftor
[57]-

Until few years back, the DNA mutation analysis of CF
patients was less a clinical issue and more a research
issue. However, after the discovery of CFTR modulators,
whole frame is changed. Now a detailed knowledge of
patient’s CFTR mutation is requisite for determining
appropriate treatment strategy and whether a
potentiator or a corrector would be of benefit to patient.
In a shorter period, the CF treatment approaches
evolved from one-size-fits-all to a wide treatment
variety, based on mutations in CFTR gene of a patient.

In nutshell, genomics and molecular genetics have
paved the way to an Era of Personalized Medicine.
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