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Novel therapeutics for cystic fibrosis: what
does the future hold?
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Cystic fibrosis (CF) is a life-shortening autosomal recessive disease caused by mutations
in the gene encoding CFTR, a protein with
anion channeling properties that is critical
for electrolyte homeostasis at many mucosa
[1] . Although the earliest descriptions of signs
associated with CF as a lethal condition in
early childhood can be traced back to folk tales
of the middle ages [2] , the first formal descriptions of the disease occurred independently
in the late 1930’s by Fanconi [3] and Andersen [4] . Both investigators described the presence of pancreatic, pulmonary and intestinal
lesions with accumulation of mucoid material
and glandular ducts blocked by inspissation
of mucus. It was not until the early 1950s
through the seminal work of DiSant-Agnese
describing the high concentrations of sodium
and chloride in sweat [5] that electrolyte transport abnormalities were recognized as key
in the pathophysiology of the disease. This
was later demonstrated by Quinton to be the
product of impermeability of the sweat duct
to chloride transport [6] . The cloning of the
gene in 1989 [7] and later localization of the
wild-type CFTR protein to the apical surface
of mucosal epithelium [8] was followed by an
explosion of incremental knowledge that identified important aspects of the pathophysiology of the disease as well as pinpointing
potential targets for intervention in the cascade of events that, particularly in the lung,
lead to progressive end organ damage.
Although a multisystemic defect, it is
well recognized that the morbidity associated with CF primarily centers on its pulmonary manifestations. In the airway surface,
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a striking defect in mucociliary clearance
is the hallmark and results in an environment prone to chronic bacterial infection
and severe inflammation. The airways of
CF patients are typically overburdened with
microorganisms, oxidants and proteases, as
well as by large concentrations of inflammatory mediators. A chronic, progressive process
slowly destroys the airways and often results
in severe lung dysfunction and death from
respiratory failure. Remarkable progress has
been accomplished in the last decade in our
understanding of the basic pathophysiologic
mechanisms produced by CFTR dysfunction,
and this has been aided greatly by the development of animal models of CF [9] . In parallel,
therapeutic developments informed by this
knowledge have steadily been advanced and
focused primarily on curtailing the progression of the lung disease. Despite this, to date,
most of the morbidity and mortality associated with CF continues to be a result of its
pulmonary manifestations. Not surprisingly
then, most therapeutic development efforts
historically focused on therapies to clear the
airways from obstruction and targeted antibiotic therapies. These efforts led to the development and approval of three drugs with a specific CF indication: rhDNAse (Pulmozyme®),
Tobramycin for Inhalation (TOBI®) and
Aztreonam Lysine for Inhalation (Cayston®).
However, the observed clinical response to
these therapies can be variable from patient to
patient. This has been attributed in part to the
fact that these interventions are targeting steps
downstream from the basic defect, and thus
with limited disease modifying potential.
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Certainly, true disease modification can in theory
only be accomplished by restoring normal CFTR function at the cellular level through either correction of
the gene defect or the defective protein. A clear recognition of this fact led to the understanding that the
application of molecular tools at the cellular level was
required for a better chance at success in identifying the
most effective therapies. As a result we have witnessed
remarkable advances in CF fueled by the application
of high-throughput screening methodology that permitted to test ion channeling activity in cell cultures
for a large numbers of compounds [10] . The availability
of a platform that permitted testing large libraries of
compounds allowed in a more efficient way to test the
concept proposed two decades ago of restoring CFTR
function by rescuing from degradation and potentiating misfolded CFTR protein so that its activity in
the apical cell membrane could be restored [11] . The
approval in 2012 of the first drug aimed at the basic
defect in patients carrying the G551D CFTR mutation
(Ivacaftor, N-[2,4-di-tert-butyl-5-hydroxyphenyl]-1,4dihydro-4oxoquinoline-3-carboxamide) demonstrated
the value of this approach for efficient drug discovery
in CF, as the in vitro findings accurately predicted the
clinical response [12,13] . Besides the benefits realized
by a selected small group of patients, this can also be
taken as a successful proof of concept. It is now established that targeting the CF basic defect can lead to
effective restoration of CFTR function and this translates in detectable clinical benefits. Following this paradigm, a growing number of compounds and chemical
classes with potential CFTR activity are being identified and the number is likely to increase in the next few
years. As a result, additional compounds with promising in vitro effects targeting the basic CFTR defect
are increasingly entering clinical trials. As importantly,
through application of in vitro cell culture assays, it
has been possible to identify other CFTR mutations
amenable to targeting with Ivacaftor as a therapeutic
agent [14] . Given the very low frequency in this patient
population of a large number of mutations known to
be associated with CF, this has introduced the concept
of in vitro cell-based platforms as tools to screen for
patients who could potentially benefit from drugs targeting CFTR. This certainly presents the opportunity
of a real innovation in CF clinical drug development,
as it will permit a targeted and more efficient approach
instead of attempting to conduct large clinical trials
for very limited eligible-patient populations. However,
two important challenges lie ahead. First, from a trials-design perspective the need for more accurate and
practical outcome measures has become critical. As
none of these therapies will effectively be a cure as the
gene defect is not targeted, the main goal is still pri-
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marily to identify therapies that, by targeting CFTR,
will modify the trajectory of the pulmonary disease.
Given all the advances made in the care of the pulmonary disease in CF, it has already become apparent
that traditional measures applied to monitor the lung
disease progression, such as the forced expiratory volume in 1 s, could miss an important signal in the short
term for an effective therapy [15] . A recent example is
the reported top line results from a study of Ivacaftor in
patients with a mild CFTR mutation predicted in vitro
to have strong responses [16] . Certainly better tools will
have to be identified and moved forward to address this
important issue. The recently reported results on the
application of an alternative sensitive measure of airway function, the lung clearance index, point to the
feasibility of applying innovative measures to detect
important effects in future trials [17] .
Second, it has become increasingly apparent that
perhaps a combination of drugs targeting CFTR
and the mechanisms involved in its proteostasis will
be required to achieve the strongest responses. It
was initially proposed that to address the most common defect seen in patients, the F508del mutation, a
combination-therapy approach with the use of drugs
aimed at correcting the folding defect complemented
with drugs such as Ivacaftor to potentiate the activity of the rescued protein could give the highest level
of efficacy. Preliminary results of ongoing clinical
trials testing the effects of potential correctors for
CF patients homozygous for the F508del mutation
in combination with Ivacaftor have already shown
some promising results [18,19] . However, although it
is already well demonstrated that the F508del mutation disrupts CFTR folding and this prevents normal
trafficking to the cell membrane, there is now accumulating evidence that even if the defective protein is
rescued from degradation, it will have decreased activity and potentially a low residence time in the membrane. Perhaps as importantly, there is a recognized
need to better identify those key mechanisms involved
in misfolded protein processing that are involved in
the pathophysiology of CF [20] . Thus, it may be necessary to develop combination regimens with drugs
that address many of these mechanisms to restore the
highest levels of CFTR activity back. Although this is
a feasible approach, it will impose a challenge in the
drug development process as it will be difficult to test
multiple drugs in combination until their effects are
fully proven independently.
So, what does the future hold for the field? Specifically for CF, a new era has dawned where, although
a true cure is not yet in sight, novel therapeutics targeting the basic defect will effect true disease modification. However, there is now a clear recognition
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that clinical trials will have to be designed to accommodate for the innovative aspects is these potential
disease modifying agents, including the development
and validation of outcome measures capable of demonstrating these effects. In addition, this has provided
a nice demonstration of the importance of genomicdriven therapeutics, where the specific genotype of the
patient is a key determinant of the therapeutic regimen. Given the remarkable and unprecedented results
seen in patients treated with Ivacaftor, this is also a
demonstration of the power of the concept of individualized medicine. As an extension for other rare
genetically based conditions, CF has paved the way
for the development of drug discovery programs that
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are firmly grounded on the basic scientific knowledge
and tightly linked to a strong clinical base. It certainly provides a perfect demonstration of the value of
translational research.
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