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Abstract

The lung disease of cystic fibrosis (CF) is characterized by a vicious cycle of airway obstruction,
chronic bacterial infection, and vigorous inflammation, which ultimately results in bronchiectasis.
Recognition that excessive and persistent inflammation is a key factor in lung destruction has
prompted investigation into anti-inflammatory therapies. Although effective, the use of systemic
corticosteroids has been limited by the unacceptable adverse effect profile. Inhaled corticosteroids
(ICS) are a widely prescribed anti-inflammatory agent in CF, likely as a result of clinicians’
familiarity with these agents and their excellent safety profile at low doses in asthmatic patients.
However, while multiple studies are limited by small sample size and short duration, they consistently
failed to demonstrate statistically or clinically significant benefits of ICS use in CF. This review
provides an overview of the inflammatory response in CF, the mechanisms of action of
corticosteroids, the safety of ICS, and the literature relevant to the use of ICS in CF.

1. Introduction

Although cystic fibrosis (CF) affects nearly every organ system, lung disease accounts for most
of the morbidity and mortality.[1] Epithelial cells, particularly those of exocrine glands, are
the principal sites of expression of the CF trans-membrane conductance regulator (CFTR) and,
therefore, are most affected by its dysfunction. In the airway, abnormal CFTR leads to a vicious
cycle of airway obstruction, chronic bacterial infection, and vigorous inflammation, which
ultimately results in bronchiectasis.[2] Relieving the obstruction by improving airway
clearance and treating infections have been the cornerstones of therapy for decades, but more
recently, recognition that inflammation drives lung destruction has prompted investigation into
anti-inflammatory therapies. Inhaled corticosteroids (ICS) have been widely prescribed as anti-
inflammatory agents in CF,[3,4] likely due in part to their safety profile and clinicians’
familiarity with this class of drug for asthma. This review provides an overview of the
inflammatory response in the CF airway and the evidence for the use of ICS as anti-
inflammatory agents. Articles were identified using PubMed (keywords ‘cystic fibrosis,”’
‘corticosteroids,” ‘inhaled corticosteroids,” and “anti-inflammatory”) and by discussion among
the authors.

1.1 Characteristics of the Inflammatory Response in the Cystic Fibrosis (CF) Airway

In order to understand the approach to anti-inflammatory therapy for patients with CF, it is
first necessary to review the inflammatory response in the CF airway (figure 1). CF patients
have a predilection for infection with a limited spectrum of distinctive bacteria, such as
Staphylococcus aureus, Haemophilus influenzae, Pseudomonas aeruginosa, Burkholderia

Correspondence: Dr Kristie R. Ross, Pediatric Pulmonology, Rainbow Babies and Children’s Hospital, 11100 Euclid Avenue, Cleveland,
OH 44106, USA. Kristie.Ross@case.edu.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ross et al.

Page 2

cepacia complex, Stenotrophomonas maltophilia, and Alcaligenes xylosoxidans. Once
challenged by viral or bacterial infection, massive numbers of neutrophils are recruited to the
airway. Although inflammation is meant to contain infection, this ultimately fails in the CF
airway. An exaggerated inflammatory response, excessive relative to the burden of infection,
is responsible for much of the pathology in the CF lung.[7,8]

Bronchoalveolar lavage (BAL) fluid from CF patients contains large concentrations of
inflammatory mediators and massive amounts of neutrophils and neutrophil products.[9-13]
This may not be surprising in adolescents and young adults, even those with mild disease, for
most of these patients are chronically infected.[12] However, there is an impressive
inflammatory burden even in CF infants.[2,10,11,14-16] BAL fluid from infected CF infants
contains greatly elevated concentrations of neutrophil chemoattractants, neutrophils, and
neutrophil products compared with BAL fluid from non-CF infants.[10,13-15] Moreover,
these inflammatory markers are present, although at somewhat lower concentrations, in BAL
fluid from apparently uninfected CF infants.[10] The presence of inflammation in the absence
of detectable pathogens suggests that the inflammatory response in the CF lung may operate
independently of an infectious stimulus. However, these findings may also be explained by
failure to terminate the inflammatory response once the inciting stimulus has been eradicated
and may actually represent an abnormal persistence of inflammation after clearance of early,
transient infection.[7]

BAL fluid from infants with CF infected only with H. influenzae contains more neutrophils
and interleukin (1L)-8, a potent neutrophil chemoattractant, for any given burden of H.
influenzae than does BAL fluid from infants with underlying conditions other than CF who
are infected with H. influenzae.[8,17] While it might seem effective to mount a more vigorous
response to invading pathogens, eventually this excessive and prolonged inflammatory
response becomes harmful to the CF lung. Neutrophil DNA and actin increase the viscosity of
CF sputum and impair mucociliary clearance. Neutrophils also release oxidants and proteases,
including elastase. Excessive amounts of oxidants overwhelm the antioxidant defenses and
contribute to lung injury. The huge excess of elastase similarly overwhelms the antiprotease
system in the airways and results in uninhibited proteolytic enzymatic activity. Elastase directly
promotes structural damage by digesting elastin and other airway wall proteins, and worsens
airway obstruction by impairing ciliary beating and by increasing mucus secretion. Elastase
also promotes bacterial persistence by cleaving critical opsonins and receptors that are
necessary for phagocytosis, and promotes the generation of neutrophil chemoattractants,
particularly 1L-8, leukotriene By4, and the complement component, C5a-like peptide. Bacteria
and their products also promote the generation of chemoattractants, which recruit more
neutrophils into the airways, fueling the vicious cycle of inflammation that leads to lung
destruction.[7]

BAL fluid from patients with CF contains large concentrations of tumor necrosis factor (TNF)-
a, IL-1B, IL-6, IL-8, and granulocyte-macrophage colony-stimulating factor (GM-CSF).[9]
The synthesis of all of these proinflammatory cytokines is promoted by transcription factor
nuclear factor (NF)-xB, which is activated by cellular interaction with bacteria, bacterial
products, and proinflammatory cytokines. Interestingly, some studies found that CF airways
are relatively deficient in IL-10 and nitric oxide (NO),[18-24] both of which preserve the
function of the inhibitory protein-kB (IxB), the inhibitor of NF-xB. Decreased availability of
IL-10 and NO would lead to less IkB-mediated inhibition of NF-xB; consequently,
proinflammatory mediator production would increase. Therefore, an imbalance between 1kB
and NF-«xB would result in the prolonged and excessive production of the mediators responsible
for the damaging inflammation. In addition, CF tissues appear to be deficient in peroxisome
proliferator activating receptor-y (PPARY).[25] When activated, PPAR forms a heterodimer
with activated retinoid X receptor, an immunomodulator.[26] PPAR exerts its attenuating
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effects typically by inhibiting NF-«xB activity via upregulation of 1«B[27] or by competition
with NF-«B for helicases. CF airway epithelial cell lines appear to have less PPARy activity
than do non-CF airway epithelial cell lines.[28] Decreased PPAR expression leads to an
imbalance between IxB and NF-«kB that favors increased inflammation in CF. The mechanisms
proposed above are not mutually exclusive, and it is likely that a combination of the above
processes fuels the aggressive and damaging inflammatory cascade.

It would appear that the most appropriate time to treat the excessive inflammatory response
would be relatively early in life, prior to the establishment of the vicious cycle of obstruction,
infection, and inflammation, and before the onset of structural damage to the airways. However,
it is not known whether limiting inflammation in infancy would promote or retard the
establishment of chronic infection. To some extent, the inflammatory response is likely
protective early inthe course of disease. Published clinical trials and clinical experience suggest
that anti-inflammatory therapy needs to begin early in the course of disease.[29-33] It seems
plausible that as lung disease progresses, therapies such as mechanical removal of secretions,
antioxidants, and antiproteases, which limit the structural damage as a result of the
inflammatory response, must accompany treatments aimed at reducing inflammation.

2. Anti-inflammatory Therapies in CF

At the present time, ibuprofen is the only anti-inflammatory drug recommended by the Cystic
Fibrosis Foundation[34] and the Cochrane Database of Systematic Reviews[35] for use by CF
patients for the purpose of slowing the loss of lung function. Although two long-term clinical
trials support the efficacy and safety of twice-daily oral administration of high-dose ibu-profen
[31,33] and a recent analysis of the Cystic Fibrosis Foundation Patient Registry revealed that
real-world clinical use of ibuprofen is beneficial with an acceptable safety profile,[32] its use
is quite limited[36] for reasons that are not entirely clear. Corticosteroids have received much
more attention as an anti-inflammatory therapy for CF lung disease, and this review focuses
on the use of ICS. A brief discussion of systemic corticosteroids is presented to provide the
rationale for the use of (ICS). Other drugs used in CF with possible anti-inflammatory
properties, such as azithromycin, are discussed elsewhere.[37]

2.1 Systemic Corticosteroids

Corticosteroids possess several potent anti-inflammatory effects (figure 2). They reduce the
formation of mucus and edema, inhibit chemotaxis, adhesion, and activation of leukocytes,
inhibit NF-«B activation, and interfere with the synthesis or actions of inflammatory mediators.
Although corticosteroids have selectively been used to treat CF patients who also have asthma,
allergic bronchopulmonary aspergillosis (ABPA), and corticosteroid responsive wheezing, a
more general use to treat inflammation has been proposed in the past 2 decades. The rationale
for evaluating systemic corticosteroids in the early 1980s was the observation that CF patients
with hypogammaglobulinemia had better lung function than did age-matched CF patients with
normal or elevated immunoglobulin concentrations.[38] If the immune and inflammatory
responses were solely protective, one would have expected the opposite, so it was proposed
that moderating these responses would be beneficial. This recommendation is based, in part,
on the results of two double-blind, placebo-controlled clinical trials conducted to assess the
effectiveness of long-term administration of oral prednisone.[29,30]

In the first clinical trial of oral corticosteroids,[29] CF patients 1-12 years of age with mild-
to-moderate lung disease were treated with alternate-day prednisone (2 mg/kg, maximum dose
60 mg/day) or placebo for 4 years; the group who received prednisone had better lung function,
improved weight gain, fewer hospital admissions, and maintained constant IgG concentrations
with no apparent adverse effects during the study period. This lack of adverse effects was
puzzling, but most likely relates to the small number of patients enrolled in the study (21 in
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the treatment group and 24 in the placebo group). In fact, a follow-up analysis 5 years after
completion of the first trial reported that 14 of 17 patients assigned to the corticosteroid group
who completed the trial developed growth retardation, two developed cataracts, and two
developed glucose abnormalities.[39]

In 1995, the results of a much larger multicenter trial were reported.[30] Two alternate-day
dosing regimens (2 mg/kg and 1mg/kg, maximum dose 60mg/day)were compared with placebo
in 285 CF patients 6-14 years of age with mild-to-moderate lung disease. Although beneficial
effects on lung function were observed, particularly in patients infected with P. aeruginosa,
so were serious adverse effects, including glucose intolerance, growth impairment, and
cataracts, even at the 1 mg/kg dosage.[30] Follow-up analysis 6 years after the completion of
this trial demonstrated that while catch-up growth occurred in most children, persistent deficits
in growth after the therapy had been discontinued were seen in prepubertal boys.[40]
Participants in the prednisone 1 mg/kg group also seemed to have an accelerated rate of decline
in forced expiratory volume in 1 second (FEV1) after discontinuation of the drug. In the initial
publication, investigators concluded that prednisone therapy (1 mg/kg administered on
alternate days) should be individualized for each patient based upon their clinical course,
response to standard therapy, and response to prednisone. If pulmonary function does not
significantly improve within 6 months, then the drug should be discontinued. However, in view
of the results from the follow-up analysis and results from recent studies that corticosteroids
worsen osteopenia and osteoporosis,[41-44] and promote proximal skeletal muscle weakness
[45] in CF patients who are already at high risk for such conditions, long-term use of systemic
corticosteroids for slowing the progression of lung disease is no longer advocated.[46] Shorter
courses of systemic corticosteroids have been proposed. To this end, the effect of a 12-week
course of prednisolone on pulmonary function and serum cytokine and IgG concentrations was
evaluated in a double-blind, placebo-controlled study in 24 children with CF.[47] The
prednisolone-treated group received 2 mg/kg (maximum dose 40 mg) every day for 2 weeks
tapered to 1mg/kg on alternate days for 10 weeks. Compared with placebo, the prednisolone
group had an increase in forced vital capacity (FVC) and FEV that was associated with
decreased serum IgG and cytokine concentrations. These findings suggest that short courses
of corticosteroids may be a useful adjunct to the treatment of exacerbations, when inflammatory
activity can be expected to be greatest. A recent pilot study demonstrated a trend towards
improved pulmonary function in CF patients hospitalized for a pulmonary exacerbation who
were treated with prednisone, compared with placebo, although the results failed to reach
statistical significance likely as a result of the small population studied.[48]

3. Inhaled Corticosteroids (ICS)

The adverse effect profile of systemic corticosteroids has prompted the investigation of ICS

as anti-inflammatory agents in CF. Due in part to their safety profile and clinicians’ familiarity
with this class of drug for asthma, use of ICS as anti-inflammatory agents in CF has become
widespread.[3,4] Despite the lack of data showing ICS to be effective anti-inflammatory agents
in CF, they are frequently prescribed to preserve lung function by blocking inflammation.[3]
In the US in 2006, 45.3% of CF patients were treated with ICS, although there is considerable
variability among centers, with the range being from 0% to nearly 90%.[36] The first published
study[49] evaluating the efficacy of ICS in CF was published 25 years ago, and multiple studies
published since then have failed to demonstrate a consistent effect.[50-58] A recent update to
the original Cochrane review published in 2000[59] concluded that evidence is “in-sufficient
to establish if inhaled corticosteroids have a beneficial or harmful effect in people with CF.”

Similarly, an expert committee assembled by the Cystic Fibrosis Foundation recently advised
against the use of ICS as anti-inflammatory agents in adults and children 6 years of age and

older who do not have asthma.[34] The published studies that have evaluated the use of ICS
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as anti-inflammatory agents in CF are summarized in table I and are discussed in more detail
below.

3.1 Mechanisms of Action of ICS

ICS were first used as an alternative to oral corticosteroids for the treatment of asthma in the
1970s. In the seminal paper by Brown et al.,[60] inhaled beclometasone was shown to improve
asthma control and reduce the need for oral corticosteroids. Asthmatic patients with large
numbers of eosinophils in their sputum had the most impressive responses; presence of
eosinophils is an important distinction in the inflammation due to asthma from the neutrophil-
driven inflammatory response in CF. While the success of ICS in asthma is attributed mainly
to their ability to decrease the influx of T lymphocytes, eosinophils, and mast cells, rather than
neutrophils, glucocorticoids have broad anti-inflammatory properties, so there is reason to
believe ICS might be effective in treating CF-related inflammation. Glucocorticoids inhibit
NF-«xB activity, chemotaxis, and the synthesis of multiple proinflammatory mediators,
including eicosanoids, all of which play roles in the excessive inflammatory response in CF.

[2]

Glucocorticoids exert their biologic actions by binding to the cytosolic glucocorticoid receptor-
a, the active form of the glucocorticoid receptor. The glucocorticoid-receptor complex then
translocates to the nucleus, where it can affect inflammation by directly altering gene
transcription (increasing production of anti-inflammatory gene products and decreasing
production of proinflammatory gene products) or by interfering with other transcription factors.
This latter mechanism is probably responsible for glucocorticoid-mediated downregulation of
NF-kB, likely a major means by which glucocorticoids are effective anti-inflammatory agents.
As described in section 1.1, NF-kB is a transcription factor that regulates many of the
proinflammatory cytokines that characterize the exuberant inflammatory response in CF,
including TNFa, IL-1, IL-6, and IL-8. The glucocorticoid-receptor complex may inhibit NF-
kB activation by protein-protein interaction, or by acting downstream of NF-«xB binding to
DNA through histone deacetylation.[61] Activated glucocorticoid-receptor complexes also
increase the transcription anti-inflammatory gene products, including 1-xB[62] and
glucocorticoid-induced leucine zipper protein (GILZ).[63] This may be particularly important
in CF because overexpression of GILZ in epithelial cells prevents lipopolysaccharide-mediated
activation of NF-«xB.[64]

There are conflicting data with regard to the relevance of the mechanisms of glucocorticoid
action described above to the concentrations achieved using inhaled formulations. Much of the
literature in this area focuses on the effects of ICS on eosinophilic inflammation, but a few
studies have examined the impact of ICS on NF-«xB signaling. Hart et al.[65] failed to show a
reduction in NF-xB binding to DNA in bronchial biopsies from asthmatic patients treated with
fluticasone propionate 1000 pg/day and, in fact, found elevated expression of the p65 subunit
of NF-xB by immunostaining in the corticosteroid-treated group. However, in a similar study
[66] in which asthmatic patients were treated with budesonide 800 pg/day, NF-xB staining of
mucosal biopsies was reduced in the corticosteroid-treated group. This study also demonstrated
decreased mucosal staining for TNFao and 1L-8 after treatment with budesonide. Differences
between study design and methodology in the two studies include a longer treatment period (9
weeks vs 4 weeks) in the study showing an effect[66] compared with the other study.[65] There
are more consistent data with respect to the impact of ICS on NF-xB signaling in
myofibroblasts, with decreased translocation of NF-«xB to the nucleus seen in in vitro studies
in which primary myofibroblast cell lines were treated with fluticasone propionate.[67] The
relevance of altering myofibroblast signaling in CF is unclear.

While directing anti-inflammatory therapies to airway neutrophils seems a reasonable way to
reduce adverse effects associated with systemic anti-inflammatory agents, there is evidence
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that neutrophils in the CF airway are not as responsive to corticosteroids as those still in the
circulation. Corvol et al.[68] compared peripheral blood neutrophils with sputum neutrophils
from 15 children with CF. Peripheral blood neutrophils spontaneously secreted more IL-8 than
neutrophils from healthy controls, but dexamethasone decreased both spontaneous and
lipopolysaccharide-stimulated IL-secretion from the CF circulating neutrophils. Sputum
neutrophils from the CF patients secreted more IL-8 than the peripheral blood neutrophils from
the same patient, and did not respond to suppression by dexamethasone. Stimulation with
lipopolysaccharide did not increase 1L-8 secretion from the sputum neutrophils, suggesting
that they were already maximally stimulated by the environment in the CF airway. This
suggests that even if ICS can be delivered to the sites of neutrophil recruitment in the airways,
they may be less effective than in other inflammatory diseases.

In order for ICS to be effective, they must be deposited in the lung at the site of inflammation.
This depends on several factors, including the delivery device, the properties of the drug itself,
the particle size, and the state of the airways. Drugs that have been optimized for delivery to
the small airways for the treatment of asthma may not be effective in CF simply because they
cannot penetrate viscous mucus to get to the site of the inflammation. Evidence from asthmatic
patients suggests that even mild airway obstruction decreases absorption of ICS,[69-71]
although there is some variability between specific drugs. CF inflammation and airway damage
is not uniform, so using higher doses of ICS in an attempt to overcome the difficulty in reaching
the site of inflammation may not only be ineffective, but potentially deleterious as the relatively
intact airways may allow for substantial absorption of the corticosteroid.

3.2 Efficacy of ICS in CF

A recent Cochrane review[59] concluded that evidence is “insufficient to establish if inhaled
corticosteroids have a beneficial or harmful effect in people with CF.” Similarly, an expert
committee assembled by the Cystic Fibrosis Foundation recently advised against the use of
ICS as anti-inflammatory agents in adults and children >6 years of age who do not have asthma.
[34] Investigators first began studying the use of ICS in CF over 25 years ago. Many of these
studies have been limited to small numbers of patients and short courses of treatment, which
may have limited their ability to detect a treatment effect. The reader is refered to table | for a
summary of the studies discussed in this section, including the study design, drug and duration
of therapy, efficacy results, and lung function data when reported. Schiotz et al.[49] conducted
the first published randomized study of ICS in CF patients. Forty-eight adult and pediatric CF
patients with chronic P. aeruginosa infection were randomized to receive either inhaled
beclometasone 400 pg/day divided four times daily or placebo for 16 weeks immediately
following a 2-week course of intravenous antibacterials. Participants randomized to active drug
were matched to those receiving placebo by a clinical score, which included FVC, weight,
chest x-ray score, and duration of P. aeruginosa infection. Subjects were matched by age and
sex when possible. Five subjects were withdrawn by the investigators because of a deterioration
of their pulmonary status and six were withdrawn as a result of noncompliance. None of these
withdrawn subjects was matched to each other, so out of the original 24 pairs, data from only
13 pairs were analyzed. The investigators did not state if there was a difference in the
withdrawal rate among groups. The primary outcome measure was analysis of sputum sol-
phase immune complex activity, proteolytic activity, and sputum-to-serum albumin ratios. No
differences were observed in the primary outcome measure. The patients receiving
beclometasone had stable lung function during the study, with the median FVVC 89% predicted
before treatment and 91% after treatment. The patients receiving placebo had a median FVC
of 98% prior to treatment, and 78% after treatment. Because there was no effect of
beclometasone on the primary outcome measure, all participants were regarded as one group
when using statistical analysis to evaluate the change in lung function. When all 26 participants
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were considered together, the median FVVC decreased from 90% predicted to 85% predicted
(p < 0.05) during the course of the study. No adverse effects were observed in either group.

A randomized, placebo-controlled, crossover study of 12 subjects published in 1995[50] did
demonstrate treatment with budesonide decreased airway reactivity in response to histamine;
7 of 12 subjects enrolled had an increase in PCyq (concentration provoking a 20% decline in
FEV1) histamine by at least one doubling dose, and the geometric mean PCyq histamine
increased from 1.6 to 3.2 mg/mL. No differences in FEV; or FVC were seen. During
budesonide treatment, dyspnea and cough scores also improved. On a scale of 0-3, baseline
mean dyspnea at rest scores were 0.47; scores increased to 0.54 during placebo treatment, and
decreased to 0.38 during budesonide treatment (p-value for placebo and budesonide scores
<0.05). Similarly, cough scores were 1.19 at baseline, increased slightly during placebo
treatment to 1.2, and decreased to 1.14 during budesonide treatment (p < 0.05). There were no
significant differences in dyspnea on exertion, sputum production, morning or evening peak
flow rates, or Bo-agonist use. However, there was no washout period between the 6-week
treatment arms, making these results difficult to interpret. In a study on 49 patients with CF
who were hospitalized for a pulmonary exacerbation, Nikolaizik and Schoni[51] showed
treatment with beclometasone for 30 days was associated with an improvement in thoracic gas
volume and diffusing capacity of carbon monoxide. However, the study failed to demonstrate
that beclometasone was associated with an improvement in the more clinically relevant
measures of FEV; or FVC.

In a longer outpatient study, 55 patients chronically infected with P. aeurginosa and with a
mean FEV1 of 63% predicted were randomized to budesonide or placebo for a total of 6 months.
The treatment courses were divided into two 12-week periods separated by a 2-week course
of intravenous antibacterials.[53] The primary outcome measure was the rate of decline of
FEV1 during the study period. In the intention-to-treat analysis, the budesonide group had a
trend towards less decline compared with the placebo group (—0.032 vs —0.187 L; p = 0.08).
When only those who completed the study were analyzed, the difference did reach statistical
significance (—0.017 L with budesonide vs —0.198 L with placebo; p < 0.05). A small
uncontrolled study published in 2001 demonstrated a decrease in neutrophils recovered in BAL
fluid from 12 children treated with beclomethasone for 8 weeks; however, the lack of a control
group makes this difficult to interpret.[55]

Balfour-Lynn et al.[52] failed to demonstrate an improvement in lung function, symptom
scores, or their primary outcome of sputum inflammatory markers in 23 children treated with
fluticasone propionate for 6 weeks in a randomized, double-blind, crossover study with an
appropriate washout period. In fact, while sputum TNFa and free neturophil elastase levels did
not change, 1L-8 levels increased during treatment with fluticasone propionate. The
investigators attributed this unexpected finding to the wide intra- and inter-subject variability
found in sputum IL-8 levels in previous studies. Similarly, in a randomized, open-label study
comparing fluticasone propionate treatment for 3 weeks with placebo, there was no difference
in symptoms or lung function, but sputum cells isolated from the fluticasone propionate-treated
subjects produced more of the free radical superoxide in response to stimuli.[54] The
investigators postulated that this represents a normalization of the bactericidal activity of
inflammatory cells, although they acknowledged that increased oxidative capacity may also
be harmful.

Most of the dosing regimens used in these studies were extrapolated from asthma studies. While
there is a flat dose-response curve in asthma, with the large majority of asthmatic patients
gaining control with low-dose ICS and little additional benefit obtained from moderate or high
doses, these dosages may be inadequate to penetrate the large amounts of mucus present in the
CF lung. A recent randomized, placebo-controlled trial tested the hypothesis that high-dose
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ICS might show a benefit where low doses had not.[57] Twenty-seven children at multiple
sites were randomized to fluticasone propionate at a total dosage of 1000 pg/day (divided twice
daily) or placebo for 12 months. No difference in lung function was seen in the active treatment
group. However, these children did exhibit slowed height velocity with no catch-up growth
observed over the subsequent 12 months off the drug. This may be a particularly concerning
adverse effect in children with CF given the association of decreased height and weight in early
childhood with decreased pulmonary function 3 years later.[72]

Part of the difficulty in determining if there is a benefit to using ICS in CF is that many CF
patients are currently treated or have been treated in the past with these drugs. A study from
the UK[56] therefore tested if withdrawing this common therapy decreases the time to first
exacerbation, or adversely effects lung function, antibacterial use, or bronchodilator use. In
this randomized, placebo-controlled, multicenter trial, after a 2-month run-in period during
which all subjects were transitioned to the same ICS (fluticasone propionate), 171 adult and
pediatric patients were randomized to fluticasone propionate or placebo for 6 months. There
was no difference in the primary outcome of time to first exacerbation with a hazard ratio of
1.07 (95% CI 0.68, 1.70), nor were there differences in oral and intravenous antibacterial use
or bronchodilator use. There was also no change in lung function, although this study was not
powered to detect this outcome. More subjects in the placebo group withdrew from the study
(23% vs 14% in the fluticasone propionate group), but this difference also did not reach
statistical significance.

Although not a randomized study, Ren et al.[58] published the results of the largest study
examining the role of ICS as a means to slow the progression of lung disease in children with
CF. Using data from the Epidemiologic Study of CF (ESCF), an observational, longitudinal,
encounter-based database,[73] the authors analyzed data from 2978 children who were not
receiving ICS for at least 2 years following enrollment in ESCF. Patients who had at least 3
visits in the 24-month period after ICS were prescribed and who had ICS use recorded on at
least 80% of the visits were considered to be receiving long-term ICS treatment. A control
group of patients enrolled in ESCF who never received ICS during the same 4-year period was
selected for comparison. A significant decrease in the rate of decline in lung function was seen
in the group that consistently reported using ICS (from —1.52%/year decline prior to use of
ICS to —0.44% after initiation of ICS, p = 0.002). Children who had never received ICS had a
rate of decline of —1.44%/year during the 4-year period. Patients who received ICS therapy
had decreased weight for age and height for age Z scores after the index visit (p < 0.001), and
increased use of insulin or oral hypoglycemic agents compared with those not treated with ICS
(p = 0.024). While there was no increase in the rates of acquisition of P. aeruginosa, patients
receiving long-term ICS therapy did have a small but significant increase in cultures positive
for S. maltophilia, B. cepacia, and Aspergillus spp. compared with those never receiving ICS.
While epidemiologic studies are inherently subject to bias, the cost of performing a prospective
randomized study of this magnitude would be prohibitive.

3.3 Safety of ICS in CF

A recent Cochrane review of ICS in CF concluded that there is insufficient evidence to
determine if ICS are beneficial or harmful.[59] While there is some evidence to suggest that
ICS can be safely administered to children with CF without adrenal suppression,[53,55] a case
report of profound adrenal suppression in a 28-year-old man with CF and ABPA treated with
itraconzole and low-dose inhaled fluticasone propionate emphasizes the importance of
designing studies of sufficient duration in CF to evaluate the effects of ICS on the adrenal
glands.[74] Moreover, other long-term complications of corticosteroids, including growth
failure, glucose intolerance, cataract formation, and decreased bone mineral density, have not
yet been adequately evaluated in patients with CF. Growth failure is a particularly concerning
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adverse effect in children with CF given the association of decreased height and weight in early
childhood with decreased pulmonary function 3 years later,[72] and the slowed height velocity
seen in a study of high-dose ICS[57] with no catch-up growth observed over the subsequent
12 months off the drug. The association of ICS with earlier acquisition of P. aeruginosa and
other organisms is also concerning.[58,75]

3.4 Potential use of ICS in CF Asthma

ICS are also commonly used in CF patients to treat airway reactivity, or ‘CF asthma.’
Diagnosing asthma in CF patients can be problematic; wheezing is a common physical finding
in CF, but this may be the result of the underlying CF lung disease (i.e. mucosal edema from
chronic infection, airway obstruction from thick secretions), rather than classic asthma.
Diagnosing asthma in young children without CF can be difficult; it is a clinical diagnosis
based on a pattern of recurrent or chronic cough and wheeze accompanied by bronchospasm
and airway inflammation. Guidelines for the diagnosis and management of childhood asthma
include recommendations to rule out other diseases that may cause similar symptoms, including
CF.[76] In the ESCF, asthma is reported if “in the treating physician’s opinion, asthma
contributes significantly to the patient’s lung disease,” and consideration for the diagnosis of
asthma is recommended if the child has episodic airway obstruction that is relieved by
bronchodilators, a strong family history of asthma, or evidence of atopy.[73] Using this
diagnosis, asthma was reported in 19%][73] of the US and Canadian patients enrolled, higher
than the 7.7% current prevalence of asthma reported in the general US population.[77] While
the use of ICS has not been specifically studied for CF-associated asthma, it seems reasonable
to initiate a trial for patients with recurrent episodes of bronchospasm and continue therapy if
there is a clinical response. As with any therapy, this should be accompanied by monitoring
for continued efficacy over time and adverse effects, particularly adrenal suppression and
growth impairment.

3.5 Considerations Prior to Starting ICS

There are several practical considerations the treating physician must take into account before
starting ICS in children with CF, starting with determining which drug to use, how to deliver
it, and what dose to prescribe. The safety and efficacy profile of low dose ICS in children with
asthma is excellent, but the optimal specific drug and dose for children with CF, even those
who also have asthma, is not known. It is tempting to extrapolate from asthma studies, but the
pathophysiology of recurrent wheezing in CF is probably different from classic childhood
asthma, and the viscous mucous present in CF airways will change the absorption of any inhaled
medication. CF airway disease may be localized, and when ventilation is directed to the
healthiest areas of the lung, so are inhaled medications. When prescribed not for CF-related
asthma, but as an anti-inflammatory therapy with the goal of decreasing the inexorable decline
in lung function seen in CF, there are even fewer data available to determine the optimal
delivery device, drug, and dose of ICS. Further studies to address these issues will be needed
in order for CF healthcare providers to make evidence-based recommendations about the use
of ICS. The optimal method of monitoring response to therapy also needs to be determined.
This is a particular challenge in young children, who cannot expectorate sputum or perform
pulmonary function testing. The routine therapies currently recommended for CF impose a
considerable burden on patients and their families. This is reflected in the poor rates of
adherence (<50%) to therapies that are proven to be effective.[78]Considerable thought should
be given to adding therapies that may not be effective to the already complicated regimens
asked of most CF patients.
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4. Conclusion

CF lung disease begins early in life, is persistent, and is the leading cause of death in CF patients.
An exuberant inflammatory response to chronic infection is a key contributor to the tissue
destruction that characterizes CF lung disease. Anti-inflammatory therapies need to be started
early in life and used regularly to prevent damage to the airway from inflammatory products.
While ICS are commonly prescribed anti-inflammatory agents in CF, and despite over 25 years
of studies summarized here, their benefits and risks have not been clearly established. There
are many challenges both to studying the use of ICS and their mechanism of action in CF.
Prospective studies with sufficient numbers of participants to determine the safety and efficacy
of ICS will be difficult to conduct, given the large numbers of CF patients who already use
these drugs. Although directing therapy to the airway neutrophil rather than circulating
neutrophils is logical, it is unclear if activated neutrophils already recruited to the airway will
be responsive to corticosteroids, and how the viscous mucus that lines the CF airway impacts
access to airway neutrophils. It is tempting to start ICS early in life, before irreversible damage
to the airways has been done, but there are real concerns about the effect ICS have on growth,
and the consequences of impaired growth on lung function. The optimal specific drug, doses,
delivery devices, and measures of response to therapy are not known in children with CF. The
lack of proven benefit has recently led to a recommendation by a committee assembled by the
Cystic Fibrosis Foundation against the long-term use of ICS in adults and children older than
6 years of age with CF who do not have asthma or ABPA.[34]

Advances in airway clearance, aggressive use of antibacterials, and advances in nutrition have
drastically improved the life expectancy for CF patients born today compared with 50 years
ago. However, survival has recently reached a plateau. While there is great hope that therapies
directed at restoring CFTR function will soon result in a cure for CF lung disease, these
therapies will not reverse the damage that has already occurred. Drugs that interfere with the
cycle of infection and inflammation are the best hope for preventing the decline in lung function
that is inevitable in CF. While ICS are widely available and widely used, the literature reviewed
here does not support their routine use as an anti-inflammatory therapy in CF patients who do
not have asthma.
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Fig. 1.

Schematic of inflammatory response in the cystic fibrosis airway. In response to a challenge
by infectious agents, large numbers of neutrophils and other inflammatory cells are recruited
to the airway. Upregulation of the transcription factor nuclear factor (NF)-«xB plays a large role
in this process by increasing transcription of multiple proinflammatory chemokines and
cytokines. Decreased anti-inflammatory signaling leads to the destabilization of NF-kB and
its inhibitory protein, 1xB, resulting in a prolonged and excessive inflammatory response
(modified from Konstan and Davis[5] and Chmiel and Davis,[6] with permission). GM-
CSF= granulocyte-macrophage colony-stimulating factor; IL = interleukin; NO= nitric oxide;
P. aeruginosa= Pseudomonas aeruginosa; PPAR= peroxisome proliferator activating
receptor; Tpx = T-helper cell x; TNFea = tumor necrosis factor-a.
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Mechanism of action of corticosteroids on inflammatory pathways relevant to cystic fibrosis
(CF). Binding of corticosteroids to the cytoplasmic glucocorticoid receptor (CGR) results in
the dissociation of the cGR from molecular chaperones that cover sites on the receptor that
signal transport to the nucleus. Subsequent nuclear translocation allows the glucocorticoid-
cGR complex to affect inflammatory signaling through multiple mechanisms. Binding to the
glucocorticoid response-element (GRE) promoter region of corticosteroid-sensitive genes
results in decreased transcription of proinflammatory gene products and increased transcription
of anti-inflammatory gene products. The activity of nuclear factor (NF)-«xB, central to the
inflammatory response in the CF airway, is likely decreased by multiple mechanisms. These
include upregulation of the inhibitory protein-xB (1xB), protein-protein interactions between
the cGR complex, and increased histone deacetylase (HDAC) activity downstream of NF-«xB
binding to DNA. CC10 = Clara cell 10-kDa protein; IL = interleukin; GILZ = glucocorticoid-
induced leucine zipper protein; TNFa = tumor necrosis factor-a.
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