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At a Glance Commentary:

Scientific knowledge on the subject. Abnormal ion transport and defective mucociliary clearance
are fundamental pathophysiological defects that contribute to complications of cystic fibrosis
lung disease. Whereas currently available therapies address these complications, the novel ion
channel-regulating agent denufosol was designed to target the underlying pathophysiological
defects and could potentially modify the course of the disease, particularly when administered
early in the disease process.

What this study adds to the field: Results of this first large, phase 3 study of an ion channel
regulator in cystic fibrosis patients with little or no baseline pulmonary function impairment
suggest that denufosol has efficacy and safety profiles suitable for early intervention in cystic

fibrosis lung disease.

This article has an online data supplement, which is accessible from this issue's table of content

online at www.atsjournals.orq.
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ABSTRACT

Rationale: Intervention for cystic fibrosis lung disease early in its course has the potential to
delay or prevent progressive changes that lead to irreversible airflow obstruction.

Denufosol is a novel ion channel regulator designed to correct the ion transport defect and
increase the overall mucociliary clearance in cystic fibrosis lung disease by increasing chloride
secretion, inhibiting sodium absorption, and increasing ciliary beat frequency in the airway
epithelium independently of cystic fibrosis transmembrane conductance regulator genotype.
Objective: To evaluate the efficacy and safety of denufosol in patients with cystic fibrosis who
had normal to mildly impaired lung function characteristic of early cystic fibrosis

Methods: 352 patients =5 years old with cystic fibrosis who had forced expiratory volume at 1
second 275% of predicted normal were randomized to receive inhaled denufosol 60 mg or
placebo three times daily in a Phase 3, randomized, double-blind, placebo-controlled, 24-week
trial.

Measurements and Main Results: Main outcome measures included change in expiratory
volume at 1 second from baseline to Week 24 endpoint and adverse events. Mean change from
baseline to Week 24 endpoint in expiratory volume at 1 second (primary efficacy endpoint) was
0.048 L for denufosol (n=178) and 0.003 L for placebo (n=174; P=0.047). No significant
differences between groups were observed for secondary endpoints including exacerbation rate
and other measures of lung function. Denufosol was well tolerated with adverse event and
growth profiles similar to placebo.

Conclusions: Denufosol improved lung function relative to placebo in cystic fibrosis patients

with normal to mildly impaired lung function.

Word Count Abstract: 249
Key Words: chloride channel activator, early intervention, P2Y, receptor agonist, ion channel

regulator, ENaC inhibition
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Clinical Trial Registry: ClinicalTrials.gov, http://www.clinicaltrials.gov, NCT00357279
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INTRODUCTION

Cystic fibrosis (CF) is caused by mutations in the CF transmembrane conductance
regulator (CFTR) gene, which encodes a membrane glycoprotein that regulates chloride,
sodium, and bicarbonate ion flux at the airway surface.' Defective CFTR protein leads to
abnormal ion transport and reduced airway surface liquid, which impair mucociliary clearance
and increase susceptibility to infection and inflammation with resultant progressive airway
damage.?

Although the lungs of children with CF are thought to be normal at birth, many
manifestations of pulmonary disease begin early in life. Recent studies demonstrate a
significant reduction in lung function during the first 6 years of life in CF even in the absence of
symptoms.®* Likewise, structural damage to the lungs can occur in CF in the first few years of
life.>” Currently approved CF therapies are directed at complications such as thickened mucus
and airway infection but do not address the basic pathophysiological defects that lead to loss of
lung function in CF. Many patients continue to suffer progressive loss of lung function despite
treatment of complications.? These findings have led to calls for intervention early in the course
of CF lung disease with therapies having the potential to delay or prevent the progressive
changes that lead to irreversible airflow obstruction.®°

Denufosol is a novel ion channel regulator with multimodal action designed to correct the
ion transport defect independent of CFTR genotype. Denufosol increases chloride secretion
through a calcium-activated chloride channel (CaCC), inhibits sodium absorption via the

(11-18

epithelial sodium channel (ENaC), and stimulates ciliary beat frequency and data on file,

Inspire, Pharmaceuticals). These integrated actions enhance airway hydration and mucociliary

1418 and are mediated by denufosol’s activation of P2Y, receptors on airway epithelia.

clearance,
Denufosol has the potential to be useful early in the disease process to maintain lung function or

delay the progression of lung disease in CF.
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Denufosol was generally well tolerated with little potential for adverse systemic effects
given its very low systemic exposure following inhalation in early phase trials.”®'® In a phase 2,
multiple-dose study in patients with CF, improvement in lung function over 28 days was
demonstrated with denufosol relative to placebo.?® The phase 3 trial reported herein was
designed to assess the safety and efficacy of denufosol versus placebo over 24 weeks in
patients with CF and normal to mildly impaired baseline lung function characteristic of early CF
lung disease. Some of the results of these studies have been previously reported in the form of

abstracts.?'?°
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METHODS
Patient Selection

Eligible patients were aged >5 years with a diagnosis of CF and a forced expiratory
volume at 1 second (FEV) 275% of predicted normal for age, height, and gender at screening.
Patients were required to be clinically stable at baseline with no history of acute respiratory
illnesses within the 4 weeks prior to screening and to demonstrate reproducible lung function
(two FEV; values within 15% of each other on separate days) prior to randomization.
Medications constituting the usual standard of care were permitted. Hypertonic saline, which
was infrequently prescribed for CF lung disease at the time the trial was designed,* was not
permitted. Patients taking medications known to improve lung function were required to be
taking stable doses prior to screening. Clinic visits for patients taking inhaled antibiotics on a
cyclical basis were scheduled so that baseline and endpoint evaluations of lung function
occurred at the same relative time in each patient’s cycle. Informed consent was obtained from

all study participants and/or guardians (including assent for minors as appropriate).

Study Design

This phase 3, randomized, double-blind, placebo-controlled trial, the Transport of lons to
Generate Epithelial Rehydration (TIGER-1) trial (Study 08-108), was conducted at 61 CF
centers in the United States and one in Canada. The study consisted of a 24-week, double-
blind, placebo-controlled treatment phase followed by a 24-week, denufosol-only, open-label
extension (OLE) phase. Eligible patients were randomized in a ratio of 1:1 (stratified by study
center) to receive denufosol tetrasodium inhalation solution 60 mg (Inspire Pharmaceuticals,
Inc, Durham, NC) three times daily (TID) or placebo vehicle (0.9% wt/vol saline) TID. Study
medication (4.2 mL) was delivered via the PARI LC® Star Reusable Nebulizer (PARI Respiratory
Equipment, Inc, Midlothian, VA) and the PARI PRONEB® Ultra compressor (PARI Respiratory
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Equipment, Inc). For patients taking multiple inhaled medications, the order of treatments was
bronchodilator, dornase alfa, chest physiotherapy or vest, study drug, and inhaled antibiotic.
Patients were assessed at clinic visits at approximately the same time of day.

The protocol was approved by the Cystic Fibrosis Foundation (CFF) Therapeutics
Development Network Protocol Review Committee before it was submitted for approval to each
site’s institutional review board. In addition, an independent data safety monitoring committee

founded under the auspices of the CFF was chartered to prospectively evaluate safety.

Outcome Measures

Safety was assessed via reports of adverse events (AEs), routine clinical laboratory
assessments, physical examination (including vital signs, height, weight, and body mass index),
chest x-rays, and, in a subset of patients, electrocardiograms.

Pharmacokinetic assessments were undertaken in a subset of patients to assess
potential systemic effects of denufosol following inhalation. Details of this pharmacokinetic
evaluation are provided in the online data supplement.

The primary efficacy endpoint for the placebo-controlled phase was the change in FEV,
from baseline to Week 24 endpoint, defined as Week 24 or the last observation carried forward
for patients withdrawing prior to Week 24. Three pulmonary function measurements, FEV;,
forced vital capacity (FVC), and forced expiratory flow at 25% to 75% of FVC (FEF2s¢,.752), were
obtained using standardized spirometry equipment and interpreted by a centralized spirometry
reading specialist. Spirometry was obtained after the study drug had been withheld for at least 6
hours and bronchodilators had been withheld for at least 2 hours. At least three acceptable
forced expiratory maneuvers were obtained from each patient at each clinic visit in accordance

with American Thoracic Society standards. The highest FEV, and FVC values from acceptable
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curves were recorded even if the two values were from different curves. In addition, the
FEF2s9, 759, was recorded from the curve with the highest sum of FEV; and FVC.

Because no universally accepted definition of a pulmonary exacerbation (PE) existed,
two a priori definitions of PE, adapted from existing definitions, were evaluated.®'* According to
the primary definition, selected because it was expected to occur more commonly in this mildly
impaired patient population, a PE occurred if a patient experienced at least four of the following
12 signs and symptoms, regardless of required treatment: change in sputum production
(volume, color, consistency); new/increased hemoptysis; increased cough; increased dyspnea;
malaise/fatigue/lethargy; decreased exercise tolerance; fever; weight loss/anorexia; sinus
pain/tenderness or change in sinus discharge; FVC or FEV, decreased 10% from previous
value; radiographic changes indicative of pulmonary infection; and changes in chest sounds.?
The signs and symptoms used in this trial were adapted from those used in previous clinical

324 or documented as predictors of pulmonary exacerbation.®® Further details of this PE

trials
definition are given in the online data supplement. The second PE definition, expected to occur
rarely in this patient population, included episodes that, in the judgment of the treating
physician, required intravenous antibiotics to treat at least one respiratory sign or symptom.
Post hoc analyses and results characterizing the relationship between PEs and change in lung

function are described in the online data supplement as are quality of life assessments and

results.

Statistical Analysis

A statistical analysis plan was finalized prior to locking the database and unblinding of
the treatment assignments. Safety was evaluated by comparing the incidence of AEs and
changes in clinical laboratory tests, physical exam findings, vital signs, weight, height, body

mass index, electrocardiograms, and x-rays. Fisher’s exact test was used to compare the

9
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incidence of AEs. The primary analysis of efficacy was based on data from all randomized
patients (intent-to-treat population). To reduce the variance of treatment effect estimates for the
primary efficacy analysis, baseline FEV, was defined as the average of the two FEV;
measurements obtained on separate days prior to randomization. Similarly, the Week 24 time
point was the average of two FEV; measurements collected on 2 separate days after 24 weeks
of treatment. The treatment effect was assessed via an analysis of covariance (ANCOVA)
model with effects for treatment, pooled study site, and baseline FEV,. Least squares (adjusted)
means were estimated from the ANCOVA model. Lung function in the OLE was summarized
using unadjusted means. One planned interim analysis was carried out to review safety data
only. A nominal alpha penalty (0.0001) was invoked as a result of the interim analysis. The
sample size, which was large given the aim of demonstrating denufosol’s utility as an agent for
preserving, rather than rescuing, lung function,® was chosen so that the study would have
greater than 95% power to detect a treatment difference in change from baseline FEV, of 0.075
L.

A priori subgroup analyses for the primary endpoint included gender, age group,
baseline status of Pseudomonas aeruginosa infection, and baseline use of chronic inhaled
antibiotics, dornase alfa, or macrolides. Overall interaction P values were based on the
ANCOVA model with terms for pooled study site, treatment, subgroup, baseline FEV;, and
treatment-by-subgroup interaction. The time to first PE was analyzed using a Kaplan-Meier
estimate of the survival function. Treatment differences were evaluated via the log-rank test. For

1.%° and Hankinson et

the post hoc lung function analysis, reference equations from Wang et a
al.>® were employed to calculate FEV, percent of predicted values. Three additional subgroups
were defined post hoc: occurrence of PE by the primary definition, genotype, and use of

baseline pancreatic enzyme replacement. In an additional post hoc analysis, FEV, values were

transformed to Z-scores using the methods from Stanojevic et al.*” Finally, the potential for

10
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improvements in FEV, and in this context the role of somatic growth in this young population
were assessed in a post hoc exploratory analysis. The expected change in FEV, that would
have occurred had patients experienced no loss of percent predicted lung function during the

24-week placebo-controlled phase and the subsequent 24-week open-label extension was

|35 |36

projected using the predicted values as described by Wang et al.” and Hankinson et a

11
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RESULTS
Patients

A total of 352 patients were randomized (intent-to-treat population of 174 in the placebo
group and 178 in the denufosol group) between August 2006 and October 2007. The majority of
patients (n=315, 89%) completed the 24-week, placebo-controlled, double-blind phase of the
trial; withdrawal rates were similar between groups (Figure 1). All but one patient who
completed the 24-week, placebo-controlled phase (n=314) entered the 24-week, denufosol-only
OLE phase. Completion rates for the extension phase were high (96%). The most common
reason for withdrawal was patient decision, related to the time commitment associated with TID
dosing. Withdrawals due to AEs were relatively rare (1%-3%) and occurred with comparable
frequency between treatment groups. Withdrawals related to physician decisions were based on
patient nonadherence. Compliance information is provided in the online data supplement.

Baseline demographic characteristics and use of concomitant medications were similar
between the treatment groups (Table 1). Patients on average had mild lung function impairment
(mean baseline percent predicted FEV,, 92%). The majority of patients were taking multiple
concomitant therapies (Table 1). The percentage of patients using 25 concomitant CF
medications for lung disease during the 24-week double-blind phase was 71.3% in the

denufosol group and 71.8% in the placebo group.

Safety

Study treatments were well tolerated. Nearly all patients reported at least 1 AE during
the placebo-controlled phase of the study (Table 2). The most commonly reported events were
similar between treatment groups except for sinusitis, rhinorrhea, and headache, which were
reported at a significantly lower incidence in the denufosol group compared with the placebo
group (P<0.05).

12
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Changes in height, weight, and body mass index did not differ between the treatment
groups during the placebo-controlled phase of the study. Moreover, no evidence of any
systemic effects of denufosol on any safety parameter was found, an observation that is
consistent with the minimal-to-no systemic exposure to denufosol observed in the subset of
patients (n=70) who underwent pharmacokinetic evaluations after acute and chronic dosing of
denufosol. Further details of the pharmacokinetic evaluations are provided in the online data

supplement.

Lung Function

Mean change from baseline in FEV, at Week 24 endpoint (primary efficacy endpoint)
was significantly greater for the denufosol group than for the placebo group (treatment effect,
0.045 L; P=0.047) (Figure 2). At Week 24 endpoint, the denufosol group had improved by 0.048
L from baseline (significantly different from 0) whereas the placebo group remained relatively
unchanged from baseline (0.003 L improvement; not significantly different from 0). The groups
did not significantly differ with respect to percent predicted FEV, or Z-scores, the results for
which were similar to those for percent predicted FEV, (Figure 1 E1 in the online data
supplement). No significant treatment-by-subgroup interactions in the analysis of change in
FEV, were observed; the treatment effect was generally consistent across multiple subgroups
(Figure 2). By the end of the OLE, lung function in the group receiving denufosol for the entire
study had improved by 0.115 L (Figure 3A). After being switched to denufosol during the OLE,
the placebo group for the double-blind phase of the study had a mean improvement of 0.078 L
in FEV, at Week 48.

In the post hoc analysis on somatic growth in this population, the average projected
improvement in FEV; at Week 24 was 82 mL in the denufosol group and 80 mL in the placebo

group with a continued projected improvement of 154 mL in the denufosol group and 146 mL in

13
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the placebo group by the end of the 48-week study. At Week 24, the observed changes were 47
mL (57% of projected change) in the denufosol group compared with 17 mL (21% of projected
change) in the placebo group. Week 24 Endpoint values, which accounted for dropouts during
the first 24 weeks, were 48 mL (64% of projected change) in the denufosol group and 3 mL (4%
of projected change) in the placebo group. By the conclusion of the 48-week observation period
with continued treatment, the denufosol group achieved a mean improvement of 115 mL (75%
of projected change). After 24 weeks the placebo patients crossed over to denufosol and
achieved an improvement of 78 mL (53% of projected change) at Week 48.

FVC and FEF2s9,754, did not significantly differ between groups at Week 24 endpoint, but
a trend toward improvement in FEF,s., 750, With denufosol over placebo was observed
(difference of 0.088 L/sec; P=0.072) (Figure 3B). At Week 24 endpoint, the mean change in
FEF 259, 759 for placebo was —0.047 L/sec compared with 0.041 L/sec for denufosol. Mean

changes in FEF 259,75, at Week 24 endpoint were not significantly different from 0 for either

group.

Pulmonary Exacerbations

During the double-blind phase, no significant differences between groups were observed
in the time to first PE using either the primary definition or the secondary definition (19%
placebo vs 26% denufosol, P=0.088 for primary definition; 7.5% vs 9.0%, P=0.574 for
secondary definition) (Figure E2 in the online data supplement). Results of post hoc analyses to
characterize the relationship between PEs and change in lung function are described in the

online data supplement and shown in Figure E3 in the online data supplement.

14
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DISCUSSION

Abnormal ion transport and defective mucociliary clearance are fundamental
pathophysiological defects that contribute to complications of CF lung disease including mucus
plugging, chronic bacterial infection, inflammation, and progressive airway damage. Whereas
currently available therapies for CF lung disease target these complications, the novel ion
channel-regulating agent denufosol was designed to target the underlying pathophysiological
defects and could potentially modify the course of the disease, particularly when administered
early in the disease process. This first large, phase 3 study of an ion channel regulator in
patients with CF was designed to examine the safety and efficacy of denufosol in patients with
little or no baseline pulmonary function impairment as is characteristic of early CF lung disease.
Denufosol improved lung function relative to placebo by 45 mL (approximately 2% of the
baseline) during 24 weeks of treatment. During continued treatment with denufosol during the
OLE, the improvement observed during the placebo-controlled phase was maintained, a notable
finding given that this improvement occurred in patients with little or no pulmonary function
impairment who were treated with many concomitant medications.?” The majority of patients
took =25 concomitant therapies for CF lung disease: 71.3% of the denufosol group and 71.8% of
the placebo group during the double-blind phase. The difficulty in demonstrating improvement in
FEV, in patients with mildly impaired baseline lung function is illustrated by the recent finding
that azithromycin, which has been demonstrated to improve FEV; in CF patients with moderate-
to-severe baseline lung function impairment,® demonstrated some benefit but did not improve
the primary endpoint of FEV, (or other pulmonary function endpoints) relative to placebo in a 24-
week randomized, double-blind trial in 260 CF patients with mildly impaired baseline lung
function.*

While the superiority of denufosol over placebo for the primary endpoint was expected,

large denufosol-associated improvements versus baseline in FEV, and other pulmonary
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function measures were not anticipated given that denufosol was designed to prevent or delay
loss of lung function rather than as a rescue therapy. In the current study, the increase in FEV,
over time that would have been expected in a healthy growing population was preserved to a
greater degree by denufosol than by placebo. The decline in lung function in the placebo group
is consistent with previous findings demonstrating that normal to mildly impaired baseline lung
function (i.e., high baseline FEV,) is an independent risk factor for lung function decline in young
patients with CF.*° In a study of children ranging in age from 6 to 17 years, the better the
baseline lung function, the steeper the decline in FEV; over a 3- to 6-year period.*

Recent evidence supports the hypothesis that much of the decline in lung function in CF
is associated with the occurrence of PEs.*'** For example, in a case-control analysis of patients
admitted for their first pulmonary exacerbation between 2001-2006 at a single pediatric center,
approximately one in four patients with CF failed to recover to baseline lung function by 3
months after a pulmonary exacerbation despite treatment with intravenous antibiotics.** Failure
to recover to baseline was associated with pre-admission degree of decline in FEV;, a finding
that the authors suggested highlights opportunities for earlier intervention to improve lung
function outcomes. In a similar analysis of 8479 pulmonary exacerbations treated with
intravenous antibiotics in the CF Foundation Patient Registry from 2003 to 2006, 25% of
exacerbations failed to recover to baseline FEV;.* Results of post hoc analyses summarized in
the online data supplement and Figure E2 in the online data supplement show that patients with
at least one PE in the current study had greater loss in lung function during the study than
patients who did not experience an exacerbation, a finding confirming previous results.*’
Although denufosol did not reduce the incidence of PEs, treatment with denufosol in patients
with PEs was associated with a trend toward higher FEV, values at the Week 24 endpoint than
treatment with placebo in patients with PEs (Figure E3 in the online data supplement). These

results suggest that denufosol treatment either leads to PEs that are qualitatively different from
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those experienced by patients receiving placebo or protects against the loss of lung function
associated with exacerbations. These possibilities are being explored prospectively in the
ongoing phase 3 TIGER-2 trial.

Denufosol was generally well tolerated in the current study as in previous studies.’ The
AE profile for denufosol was similar to that of placebo in keeping with the demonstrated low-to-
nil systemic absorption of the drug. Low potential for systemic side effects is an important
consideration for early intervention therapy for CF, which could be administered chronically over
decades beginning during the first months of life. The incidence of adverse events related to
sinopulmonary disease was generally lower with denufosol than placebo. The potential clinical
significance of this finding is undetermined.
In conclusion, the results of this trial suggest that denufosol has efficacy and safety profiles
suitable for potential early intervention in CF lung disease. Designed to target basic defects in
CF lung disease across CFTR genotypes, denufosol increases chloride secretion, inhibits
sodium absorption, and increases ciliary beat frequency in the airways. Denufosol improved
lung function versus placebo in patients having minimally impaired to normal baseline lung
function characteristic of early CF lung disease. Because this study included spirometry as its
primary efficacy endpoint, children younger than 5 years were not enrolled. However,
considering the evidence that early inflammation and infection results in impaired lung function
and structural damage in early childhood, investigation in future studies of the effects of
denufosol during the first 5 years of life is warranted. A second phase 3 trial that enrolled
patients 5 years of age and older and that has a longer placebo-controlled treatment phase is

ongoing to further elucidate the utility of denufosol for patients with CF.
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Table 1. Demographic and Baseline Characteristics (ITT Population).

Denufosol
Placebo 60 mg Total
Parameter (n=174) (n=178) (N=352) P value
Age, mean (SD), y 14.9 (9.33) 14.3 (8.77) 14.6 (9.04) 0.498
Age range, n (%)
511y 77 (44.3) 81 (45.5) 158 (44.9) 0.737
12-18y 64 (36.8) 59 (33.1) 123 (34.9)
>19y 33 (19.0) 38 (21.3) 71 (20.2)
Male, n (%) 85 (48.9) 96 (53.9) 181 (51.4) 0.370
Caucasian, n (%) 163 (93.7) 170 (95.5) 333 (94.6) 0.426
CF genotype, n (%) 0.238
A F508 homozygous 94 (54.0) 88 (49.4) 182 (51.7)
A F508 heterozygous 51 (29.3) 65 (36.5) 116 (33.0)
Other 7 (4.0) 15 (8.4) 22 (6.3)
Unknown/Not done 22 (12.6) 10 (5.6) 32 (9.1)
BMI, mean (SD), kg/m® 19.29 (3.43) 19.72(3.85) 19.50 (3.65) 0.226
Baseline FEV,, mean (SD), L 2.31 (0.91) 2.33 (0.96) 2.32 (0.93) 0.835
Range 0.8-4.7 0.9-5.0 0.8-5.0
Baseline FEF s, 750, mean (SD), L/sec 2.39 (1.00) 2.32 (1.03) 2.35(1.02) 0.594
Range 0.5-5.3 0.5-6.1 0.5-6.1
Baseline % of predicted FEV, mean (SD) 91.9 (11.3) 92.7 (11.4) 92.3 (11.3) 0.422
Range 63-128 74-126 63-128
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Baseline % of predicted FEF;s9,.75%,, mean
(SD)*

Range
Pseudomonas aeruginosa positive, n (%)
Hospitalized for exacerbation, n (%)
Days missed (school/work), mean (SD),
n

Range
Baseline Use:

Pancreatic enzyme use, n (%)

Bronchodilator use, n (%)

Dornase alfa use, n (%)

Macrolide use, n (%)

Chronic inhaled antibiotic use, n (%)

Chronic inhaled tobramycin use, n (%)

83.9 (24.8)

31-184
84 (48.3)

36 (20.7)

0.41 (1.54)

0-10.0

165 (94.8)
137 (78.7)
134 (77.0)
70 (40.2)
66 (37.9)

65 (37.4)

81.3 (24.5)

34-143
74 (41.6)

30 (16.9)

0.29 (0.96)

0-7.0

159 (89.3)
146 (82.0)
137 (77.0)
69 (38.8)
65 (36.5)

61 (34.3)

82.6 (24.6)

31-184
158 (44.9)

66 (18.8)

0.35 (1.28)

0-10.0

324 (92.0)
283 (80.4)
271 (77.0)
139 (39.5)
131 (37.2)

126 (35.8)
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0.351

0.173

0.353

0.765

0.054
0.433
0.868
0.652
0.794

0.563

BMI denotes body mass index, CF cystic fibrosis, FEF2s4..75¢, forced expiratory flow at 25% to 75% of forced vital capacity,

FEV, forced expiratory volume at 1 second, ITT intent-to-treat, and SD standard deviation.

*Could not be calculated for children aged 5 to 7 years.

tFor the previous year.

$During the 28 days prior to visit 1.
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Table 2. Most Common* Adverse Events (Safety Populationt) in the Double-

Blind Phase.
Placebo Denufosol 60 mg

Adverse event, n (%) (n=175) (n=177)
Patients who reported any adverse event 169 (97) 165 (93)
Cough 104 (59) 97 (55)
Nasal congestion 34 (19) 26 (15)
Pharyngolaryngeal pain 32 (18) 34 (19)
Rhinorrhea 31 (18) 18 (10)4
Productive cough 30 (17) 30 (17)
Sinusitis 31 (18) 17 (10)%
Pseudomonal infection 23 (13) 15 (8)
Pulmonary exacerbation 51 (29) 61 (34)
Pyrexia 27 (15) 36 (20)
Headache 44 (25) 20 (11)8

*Adverse events 210% in any group.
1 The safety population differed from the intent-to-treat (ITT) population because 1 patient was

randomized to denufosol but was treated with placebo. This patient is counted in the denufosol
group for the ITT population and in the placebo group for the safety population.

$P<0.05 vs placebo.

§P<0.01 vs placebo.
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FIGURE LEGENDS

Figure 1. Patient Disposition. FEV, denotes forced expiratory volume at 1 second, ITT intent-

to-treat, phys physician, pt patient, TID three times daily, and W/D withdrawal.

Figure 2. Effect of Denufosol Treatment on Lung Function. Treatment effect and 95%
confidence interval (Cl) for the change in FEV, from baseline to Week 24 endpoint for the intent-

to-treat (ITT) population and by subgroup. FEV denotes forced expiratory volume at 1 second.

Figure 3. Change in Lung Function During the 48-Week Study. (A) Mean change from
baseline FEV, by visit during the 48-week study. (B) Mean change from baseline FEF 50,759, by
visit during the 48-week study. Results are displayed for subjects with data at each time point.
Error bars represent standard error; shaded area represents the open-label extension phase of
the study during which all patients received denufosol. CFB denotes change from baseline,
FEF2s9, 759, forced expiratory flow at 25% to 75% of forced vital capacity, and FEV, forced

expiratory volume at 1 second.
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Screened
(N=461)
]
Randomized Screening failure (n=109)
(ITT Population) Reason for screening failure
- (multiple may apply)
(N 352) FEV,<75% predicted or not reproducible (n=57)
Exclusionary medication use and/or not
clinically stable (n=36)
Withdrew informed consent (n=8)
. Lab or chest x-ray results (n=8)
Received Other (n=5)
double-blind
study drug
(N=352)

Placebo TID
(n=174)

)

Completed
(n=156; 90%)

Withdrawn
(n=18; 10%)

Open-label extension
Denufosol 60 mg TID
(n=155)

S

Reason for W/D
Pt decision (n=10)
Phys decision (n=1)
Adverse event (n=2)
Other (n=5)

Denufosol 60 mg TID
(n=178)

o

Completed
(n=159; 89%)

Withdrawn
(n=19; 11%)

Reason for W/D
Pt decision (n=12)
Phys decision (n=1)
Adverse event (n=5)

Completed
(n=146; 94%)

Withdrawn
(n=9; 6%)

Reason for W/D
Pt decision (n=4)
Phys decision (n=1)
Adverse event (n=4)

Figure 1

. Other (n=1)
Open-label extension
Denufosol 60 mg TID
(n=159)
Completed Withdrawn | | Reason for W/D
(n=156; 98%) (n=3; 2%) Pt decision (n=2)
Other (n=1)
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Primary efficacy analysis

Intent-to-treat (ITT) population (N=352) ¢ P=0.047

A priori—specified subgroups
Gender (P=0.539)
Male (n=181) 4
Female (n=171) &

Age (P=0.840)
5-11 years (n=158) L 2
12-18 years (n=123) ¢4
>18 years (n=71) $

Pseudomonas aeruginosa (P=0.971)

Positive (n=158) 4
Nonpositive (n=193) 4

Chronic inhaled antibiotics (P=0.374)
Yes (n=131) 4
No (n=221) 4

Dornase alfa (P=0.146)
Yes (n=271) ¢
No (n=81) L 2

Chronic oral macrolides (P=0.420)
Yes (n=139) 4
No (n=213) L 2
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METHODS
Compliance
Compliance with study medication was assessed throughout the study by
reconciling the number of vials dispensed, the number of vials returned unused, and the
duration of time between visits. It was deemed an unacceptable infection risk to the

patient to require them to keep and return used study vials.

Pharmacokinetics

Blood was drawn for pharmacokinetic evaluation in a subset of patients to assess
the potential systemic exposure to denufosol following inhalation. By prospective design,
approximately twice as many patients were assessed for exposure following the first
dose compared with chronic dosing. Plasma concentrations of the drug were assessed
by high-performance liquid chromatography with tandem mass spectrometric detection
(HPLC/MS/MS) pre-dose and 5, 15, and 60 minutes postdose on the first day of dosing
(n=62; acute dosing) and at the same time points after 12 and 24 weeks of treatment
(n=30 and n=28, respectively; chronic dosing). The assay for detection of denufosol was
validated to have a lower limit of quantitation of 0.5 ng/mL. One site’s values were
excluded from the analysis due to sample contamination (denufosol detected in plasma

samples collected predose on first day of dosing).

Pulmonary Exacerbation

Because there is no universally accepted definition of a pulmonary exacerbation,
two definitions were generated for use in this trial based on a constellation of 12
potential signs and symptoms evaluated in previous studies."? Decreased exercise
tolerance and fever' (also noted in Fuchs et al.? as temperature above 38°C) were

included as were eight additional signs and symptoms®: change in sputum; new or
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increased hemoptysis; increased cough; increased dyspnea; malaise, fatigue, or
lethargy; weight loss or anorexia; decrease in pulmonary function by 10% or more from a
previously recorded value; and radiograph changes indicative of pulmonary infection.
The remaining two signs and symptoms were adapted from those used by Fuchs et al.’:
sinus pain/tenderness or change in sinus discharge (listed as separate signs and
symptoms in Fuchs et al.?); and changes in chest sounds, regardless of treatment
(described as a change in physical examination of the chest in Fuchs et al.?). A sign-
and-symptom—based definition of pulmonary exacerbation, based on the presence of
any four out of 12 signs and symptoms from Fuchs et al.,? was also used in the previous
trial.®

A post hoc analysis was undertaken to characterize the relationship between
PEs and change in lung function by describing the outcome in terms of change in FEV,
from baseline to Week 24 endpoint separately for those patients who did and those who

did not experience a PE according to the primary definition.

Quality of Life

Quality of life was assessed at baseline and at 12-week intervals with a cystic
fibrosis—specific questionnaire, the Cystic Fibrosis Questionnaire—Revised (CFQ-R).*
The patient or the patient’s proxy (for young children) completed age-appropriate
versions of the questionnaire. For each CFQ-R domain, the possible score ranged from

0 to 100, with higher scores indicating better health-related quality of life.
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RESULTS

Compliance

Compliance rates were high and were similar between treatment groups. During
the double-blind phase, 91% of placebo patients and 88% of denufosol patients took at
least 70% of their medication. The average number of daily doses administered was

similar between treatment groups (placebo, 2.68; denufosol, 2.65).

Pharmacokinetics

The majority of patients had no measurable level of denufosol following the first
dose (71%) and the last dose (71%), whereas 45% had no measurable concentrations
at any time point during 24 weeks of TID dosing. Overall, the systemic exposure to
denufosol following 24 weeks of treatment was generally low (mean Cpax, 0.35 ng/mL
+0.15 ng/mL) and transient (Tmax, 5 minutes). The safety profile during the OLE phase
was generally similar with respect to the nature and extent of adverse events observed

during the placebo-controlled phase.

Additional Post Hoc Subgroup Analyses of FEV,

Additional subgroup analyses of forced expiratory volume at 1 second (FEV,) at
Week 24 endpoint (the primary efficacy time point) included the following: cystic fibrosis
transmembrane conductance regulator genotype (AF508 homozygous, AF508
heterozygous, and other/unknown) and pancreatic enzyme use at baseline (yes, no).
The treatment difference in adjusted mean change in FEV; at Week 24 endpoint was
similar according to genotype: 0.033 L (95% confidence interval [Cl]: —0.031, 0.097) for

AF508 homozygous; 0.078 L (95% CI: -0.001, 0.157) for AF508 heterozygous; and
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0.031 L (95% CI: -0.147, 0.208) for other/unknown. The magnitude of the treatment
effect for pancreatic enzyme users (0.048 L; 95% CI: 0.001, 0.095) was similar to that for
nonusers (0.066 L; 95% Cl: —-0.065, 0.196). The P value for the test of the treatment-by-

subgroup interaction was 0.646 for genotype and 0.960 for pancreatic enzyme use.

Pulmonary Exacerbations

In the post hoc analysis to characterize the relationship between PEs and
change in lung function, the mean change in FEV, from baseline to Week 24 endpoint in
patients who had a PE (n=80) was significantly worse than in patients who did not
experience a PE (n=272; P=0.006) (Figure E3A). The mean change in FEV; was —0.034
L (95% CI: -0.082, 0.014) for those experiencing a PE compared with 0.043 L (95% ClI:
0.018, 0.068) for those who did not experience a PE. In patients experiencing a PE, the
denufosol group had a mean change in FEV; of 0.002 L (95% CI: —-0.065, 0.068)
compared with —0.099 (95% CI: -0.189, —-0.010) for placebo. Patients who did not
experience PEs had similar results; the denufosol group had a mean change in FEV, of
0.064 L (95% CI: 0.028, 0.099) compared with 0.022 L (95% CI: 0.012, 0.057) for the
placebo group. Additionally, similar results were obtained when the data were expressed

as percent predicted (Figure E3B).

Quality of Life

Mean baseline CFQ-R scores were generally high (>65) for all domains; mean
baseline scores for the respiratory domain were approximately 78 in both treatment
groups. Quality of life was maintained while patients were enrolled in the study. No

significant differences between treatment groups were observed at Week 24 endpoint
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with the exception of the emotion domain (feeling worried, useless, and sad, and not
living a normal life) for which there was a small treatment effect in favor of placebo

(-3.25; P=0.01).
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FIGURE LEGENDS

Figure E1. (A) FEV, percent predicted by visit during the 48-week study. (B) Mean
Z-scores score FEV, by visit during the 48-week study. Error bars represent
standard error; shaded areas represent the open-label extension phase of the study
during which all patients received denufosol. FEV, denotes forced expiratory volume at 1

second.
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Figure E2. Time to first pulmonary exacerbation. (A) Pulmonary exacerbation (PE)

based on the primary definition. (B) PE based on the secondary definition.

Figure E3. Change in FEV, by Occurrence of Pulmonary Exacerbation According
to Primary Definition. (A) Mean change in FEV, from baseline to Week 24 endpoint by
occurrence of pulmonary exacerbation. (B) Mean change in FEV, percent predicted from
baseline to Week 24 endpoint by occurrence of pulmonary exacerbation. Error bars
represent 95% confidence intervals (Cls). CFB denotes change from baseline, FEV;

forced expiratory volume at 1 second, and PE pulmonary exacerbation.
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