presence of a profound lung heterogeneity and a severe impairment
of lung function beyond the oxygenation values.

Some questions concerning the VR remain unanswered. It is
not known whether this index will maintain its predictive value in
the evolution of ARDS over time, as has been demonstrated for
VD/VT (6). As was previously suggested for Pag /Fig, (15), it is
possible that a standardized evaluation of the VR under predefined
ventilator settings could improve its predictive/prognostic abilities.

The possibility of an early characterization of the severity of
ARDS by a simple, easy to measure bedside index that contains
important pathophysiological information is certainly good news. It
will help clinicians and researchers become more efficient!

Author disclosures are available with the text of this article at
www.atsjournals.org.
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Is Cystic Fibrosis-related Diabetes Reversible?
New Data on CFTR Potentiation and Insulin Secretion

Despite decades-long secular improvements in pulmonary
care and morbidity in patients with cystic fibrosis (CF), few
advancements have been made in preventing diabetes in this
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Editorials

highly susceptible population. CF-related diabetes (CFRD) is a
major comorbidity of CF, affecting over half of patients with
CF by middle age and accelerating their clinical decline. CFRD
occurs primarily due to impaired insulin secretion, especially
loss of rapid “first-phase” insulin secretion. The recent advent
of small-molecule therapies aimed at restoring CFTR (CF
transmembrane conductance regulator) function has raised the
question as to whether these therapies will treat or even prevent
CFRD. These medications have come to market based on their
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efficacy in improving pulmonary function and weight. To date,
only anecdotal and very small studies of their glycemic effects
have been reported, providing teasing results suggesting that
CFTR restoration might treat CFRD (1-6). The current
uncertainty as to whether restoration of CFTR function might
improve glucose metabolism in patients with CF stems not

only from a lack of clinical data but also from an incomplete
understanding of the basic pathophysiology of CFRD. The
mechanistic dilemma can be reduced to a simple question: are

the causes of poor insulin secretion in patients with CF due to
reversible or irreversible defects? In this issue of the Journal,

Kelly and colleagues (pp. 342-351) provide the largest and most
detailed clinical study to date on this topic (7). Their data show that
insulin secretion improves after 16 weeks of ivacaftor therapy. This
work adds weight to the optimistic outlook that restoration of CFTR
function may help treat and/or prevent CFRD.

In their study, Kelly and colleagues focused on patients
with CF and at least one allele encoding a CFTR mutation
amenable to ivacaftor potentiation. Twelve subjects, all
initially ivacaftor naive, completed the study. The subjects
were generally young—all but one were under 18 years of
age. Because insulin secretion is impaired starting in early
childhood (8), the study was especially well suited to assess the
impact of ivacaftor on insulin secretion. Subjects underwent
detailed glycemic phenotyping just before starting and upon
completing 16 weeks of ivacaftor therapy. During the study,
FEV, and body mass index improved as expected. Crucially,
multiple measures of insulin secretion also improved with

A Fixed pathology

ivacaftor treatment, including first-phase insulin responsiveness.
Furthermore, the improvement of insulin secretion was significant
even when evaluated in the context of the prevailing sensitivity

to insulin. That so many measures of insulin secretion improved
speaks to the robustness of the results and shows that there

are reversible aspects to the insulin secretion defects that occur

in CF.

Ultimately, to treat CFRD, insulin secretion must be increased
sufficiently so as to normalize glucose levels. However, the study by
Kelly and colleagues was not well suited to examine the impact
of ivacaftor on glycemia because the patients studied had only
minor glucose tolerance abnormalities at baseline. Hence, it is not
surprising that overall glucose and mixed-meal tolerance did not
change with ivacaftor. It thus remains to be determined whether
the improvements in insulin secretion induced by ivacaftor will
be sufficient to treat CFRD. One limitation of this work is that it
did not include an untreated control arm. To help mitigate this
limitation, the investigators established safeguards against baseline
confounders that might have temporarily altered insulin secretion,
such as ensuring that subjects were at their baseline health at the
start of the study.

Exocrine pancreatic damage is already extensive and
presumably irreversible (Figure 1A) by 4 years of age or
earlier in most patients with CF (9, 10). Despite this, considerable
numbers of insulin-containing B-cells (roughly 50% of normal)
remain (11). These surviving -cells exist in an irreversibly
abnormal environment and thus might be subject to failure
over time even in the face of CFTR functional restoration.

Healthy Sufficient Insufficient Structurally impaired
P
Ductal plugging Remodeled islets
Acinar loss Ductal cysts
Fibrosis Fatty replacement
In utero Birth 1-4 Years Teen Adult

B Potentially reversible defects
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Figure 1. Fixed versus CFTR (cystic fibrosis transmembrane conductance regulator)-reversible pathology contributing to CF-related diabetes. (A) Timeline
of irreversible pathology contributing to CF-related diabetes. Exocrine pancreatic damage begins in utero, such that by 1-4 years of age most individuals
with CF have developed pancreatic insufficiency. The endocrine pancreas survives, albeit in a remodeled state surrounded by an abnormal environment.
(B) Restoration of CFTR function might reduce pancreatic inflammation and thus improve B-cell function. Likewise, restoration of CFTR action in the
gut might improve incretin secretion and thus enhance B-cell function. Alternatively, enhancement of CFTR function in pancreas ductal epithelium
might restore a paracrine environment conducive to B-cell function. Not shown are various potential mechanisms by which ivacaftor might improve

glycemia by improving insulin sensitivity in CF.
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Only longer-term studies will be able to address whether CFTR
functional restoration can prevent CFRD over a span of years to
decades.

One of the paradoxes of CFRD is that the quantity of
surviving B-cells is generally sufficient to otherwise prevent
diabetes. Thus, the surviving B-cells in CFRD are believed to have
functional deficiencies (12, 13). Kelly and colleagues’s results
are consistent with this, showing that B-cell insulin secretion
in CF is improved by short-term CFTR functional restoration.
One resulting key question is, what physiological mechanism
underlies this improvement in insulin secretion? The simplest
explanation involves direct expression of CFTR in B-cells, where
its chloride transport actions can augment insulin secretion (14).
However, recent reports that CFTR is not expressed in the
endocrine pancreas in vivo (12, 15) cast significant doubt on this
possibility. Thus, it is likely that CFTR function impacts insulin
secretion indirectly (Figure 1B). One possible mechanism for this
effect would be relief of islet inflammation by CFTR restoration.
CF islets have recently been shown to contain inflammatory
ILs (12, 13), and perhaps this could be resolved with CFTR
restoration. Another possibility is that restored CFTR might
improve secretion of incretins (hormones that enhance B-cell
function) from the gut. Kelly and colleagues tested this possibility
by examining two incretins, glucagon-like peptide-1 and glucose-
dependent insulinotropic polypeptide, and found no differences
induced by ivacaftor. Nonetheless, both of these incretins showed
trends in the right direction despite high variability. Thus, it is
possible that a larger study might find statistically robust incretin
improvements. A final possibility is that CFTR restoration might
improve the local environment of islets by enhancing pancreatic
ductal function (12).

Kelly and colleagues’s result provides hope that restoration of
CFTR function might treat and prevent CFRD. However, given
the current limited understanding of CFRD pathogenesis, there
remains considerable uncertainty. It is possible that the fixed
defects in the pancreas might prove too great a burden for the
endocrine pancreas to maintain sufficient long-term function.
Because pancreatic disease begins in utero, it could be envisioned
that CFTR restoration may need to begin before birth to minimize
an individual’s lifetime CFRD risk. Longer-term clinical studies,
including in patients with CFRD, will help clarify whether such an
intensive approach is needed. Likewise, mechanistic studies of the
early-life determinants of CFRD in relevant CF animal models will
help unravel the fixed versus reversible underpinnings of diabetes
in CF.
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