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EDITORIAL
Cystic Fibrosis (CF) is a multisystem disease that arises from 

mutations in a single gene encoding a cAMP-activated anion 
channel known as the cystic fibrosis transmembrane conductance 
regulator (CFTR) [1]. While fixing the root cause through CFTR 
modulation is expected to completely reverse the multisystem 
symptoms, the efficacy of such an approach also depends on a 
number of other factors such as the age and genetic makeup of 
the patient, environment factors, and the stage of the disease a 
specific patient is in. The presence of over 2,000 mutations in 
the CFTR gene and their varied properties add an extra layer 
of complexity to the expression of symptoms and responses to 
pharmacological treatment.

Lung disease is the major cause of morbidity and mortality 
among CF patients, and lung functional test is the most important 
clinical criterion for assessment of treatment efficacy. An 
increase in percent predicted forced expiratory volume in 1 
second (ppFEV1) and a reduction in the frequency of pulmonary 
exacerbation are key clinical indices for improved CF lung function. 
With the recent successful development of CFTR modulators [2-
4], CFTR function-based, tissue-specific biomarkers have been 
incorporated into clinical trials as surrogate endpoints [5]. The 
hope is that such biomarkers will be both selective and sensitive, 
accelerating CF drug development.

Several such biomarkers have been used as surrogate 
outcome measures in recent clinical trials of CFTR modulators 
[5]. They include sweat test, nasal potential difference (NPD), 
and intestinal current measurement (ICM). Sweat test measures 
sweat chloride concentration. It reflects the capability of CFTR in 
sweat chloride resorption, and is the gold standard for definitive 
CF diagnosis. NPD reflects both sodium absorption and chloride 
secretion, in vivo, in the upper airway. ICM, on the other hand, 
is an ex vivo measure of transepithelial short-circuit current of 
rectal biopsy.

Based on clinimetric properties of these biomarkers, NPD 
demonstrates reliability, validity, and responsiveness to drug 
treatment; sweat test shows validity and responsiveness but 
not reliability; and ICM displays reliability but not validity or 

responsiveness [5]. Such inconsistency among the different 
biomarkers creates a conundrum when they are used as surrogate 
endpoints in clinical trials. While each biomarker is based on 
CFTR functionality, they are specific for three different tissues 
affected in CF. Chloride transport in the sweat gland provides 
the most direct assessment of CFTR activity uncomplicated by 
other pathophysiological changes in the tissue, and therefore 
provides good validity and responsiveness. In fact, sweat test will 
accurately reflect missed doses and therefore can be used as an 
internal control for patient compliance in clinical studies [6,7]. 
For the same reason, sweat test does not accurately reflect the 
complex pathophysiological changes in the lung, upon which the 
key clinical outcome relies. In contrast, NPD reflects the airway, 
the most important tissue for CF therapy, and therefore offers a 
more reliable readout on CFTR activity in the lungs. The different 
CF pathophysiology in the gut might explain the low validity and 
responsiveness of ICM.

Given the different degrees of alignment of various CFTR 
function-based, tissue-specific biomarkers with the lung 
function of CF patients, rather than unsuccessfully forcing these 
biomarkers into surrogate endpoints for CF lung function, we 
should seriously consider combinational use of these biomarkers 
in a tissue-dependent manner to provide a more complete and 
accurate picture of the multisystem symptoms of CF and their 
response to pharmacological treatment.

The CF sweat gland is among the CFTR-expressing organs 
that have the least clinical consequences and is uncomplicated 
with other local pathophysiological changes. Therefore, sweat 
test can be used as a highly reproducible measurement of CFTR 
function when CFTR modulators are used. In addition, it can serve 
an auxiliary role in monitoring patient compliance in treatment. 
While an early small-scale study showed a limited predicting 
value for sweat test in CF therapy with ivacaftor [8], a large-scale 
analysis later demonstrated a good correlation between sweat 
chloride concentration and ppFEV1 among patients treated with 
ivacaftor [9].

The use of a CFTR function-based airway biomarker such 
as NPD will provide additional insights concerning a specific 
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patient’s status of lung pathophysiology. A major drawback of 
NPD is that this test is more difficult to perform and requires 
more specialized staff in order to get accurate measurements. 
Other airway biomarkers can provide additional information 
on irreversible airway damage, strains and severity of bacterial 
infection, airway inflammation, and mucociliary clearance [10]. 
Such biomarkers can be useful in the development of antibiotics 
and anti-inflammatory drugs for CF patients [11].

Intestinal ex vivo biomarkers provide a unique opportunity 
to directly assess the impact of different pharmacological agents 
on CFTR activity in a specific patient with defined genomic 
background [12]. They include ICM and a recently developed 
intestinal organoid assay. A similar approach is being used to 
obtain primary cultures of nasal or bronchial epithelial cells 
from specific CF patients. The procured cells can be biobanked 
for long-term studies including future therapeutic studies, 
eliminating the need for more samples from the same patient. 
Such an ex vivo approach provides precious clinical materials to 
assess drug responses of patients with a defined CFTR genotype. 
Given the highly diversified CFTR genotypes among CF patients 
and the limited number of patients with a specific genotype, this 
approach will prove essential in the development of drugs that 
treats rare CF mutations.

Genomics, transcriptomics, proteomics, metabolomics, 
lipidomics, glycomics, and microbiota are accelerating the 
identification of novel CF biomarkers [13], which can be included 
to provide precision and personalized treatment for individual 
CF patients. With the multiple, long-term and simultaneous 
medications CF patients are taking, and with the advent of 
increasingly efficacious combinational CFTR modulators, a large 
array of clinically relevant, tissue-specific CF biomarkers will 
be highly useful in sorting out the mechanisms of action, drug-
genome interactions, and drug-drug interactions in CF therapy at 
the system level.
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