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ABSTRACT
Background: Treatment of infective bronchitis
involving Pseudomonas aeruginosa is a cornerstone of
care in patients with cystic fibrosis (CF). This phase
IIb, randomised, double-blind, placebo-controlled study
assessed the efficacy and safety of ciprofloxacin dry
powder for inhalation (DPI) in this population.
Methods: Patients with CF, ≥12 years of age (N=286),
were randomised to ciprofloxacin DPI (32.5 mg (n=93)
or 48.75 mg (n=93)), or corresponding placebo
(32.5 mg, n=65; 48.75 mg, n=35) twice daily for
28 days. The primary objective was the change in
forced expiratory volume in 1 s (FEV1) from baseline
(day 0) to end of treatment (day 29) in the intent-to-
treat population for ciprofloxacin DPI compared with
the corresponding placebo group.
Results: The primary effectiveness objective was not
met; there were no significant differences in change in
FEV1 between ciprofloxacin DPI and the corresponding
placebo group for either dose (p=0.154). However, in
pooled analyses, FEV1 decline from baseline to
treatment end was significantly lower with ciprofloxacin
DPI than with placebo (pooled data; p=0.02).
Ciprofloxacin DPI showed positive effects on sputum
bacterial load and quality of life, but these effects were
not maintained at the 4-week follow-up. Ciprofloxacin
DPI was well tolerated and there were no significant
differences in type/incidence of treatment-emergent
adverse events by treatment group (p=0.115).
Conclusions: Further investigations are needed to
determine the full scope of the beneficial effects of
ciprofloxacin DPI for patients with CF.
Trial registration number: Clinicaltrials.gov
NCT00645788; EudraCT 2008-008314-40.

INTRODUCTION
Cystic fibrosis (CF) is a chronic, incurable
and life-shortening disease, with respiratory
failure resulting from chronic pulmonary
infection accounting for the majority of
deaths.1 2 Treatment of chronic respiratory
infection is therefore a cornerstone of CF
care.1 Of the organisms responsible for pul-
monary infection in CF, Pseudomonas aerugi-
nosa is one of the most prevalent,1 with an

estimated 50.6% of patients chronically
infected with this pathogenic bacteria in the
USA in 2011.3 Management of chronic infec-
tion consists of airway clearance using techni-
ques such as postural drainage, chest
compression, oscillatory positive expiratory
pressure or exercise,4 combined with anti-
biotic treatment. Antibiotics may be adminis-
tered orally, via an intravenous line or via
inhalation.5

The most frequently used US Food and
Drug Administration (FDA)-approved
inhaled antibiotics require the use of com-
pressors and nebulisers, and may require
long treatment durations.6 Furthermore,
nebulisers need to be carefully cleaned after
use, and these treatments are relatively
expensive to employ. All these factors are
barriers to the effective use of this mode of
administration.6 7 Dry powder inhalers,
which are small, portable, breath-actuated
devices,8 have proven useful in the treatment
of asthma and other respiratory conditions.6

Importantly, they can be administered within
a short period of time, thereby helping to

KEY MESSAGES

▸ In this placebo-controlled, randomised, phase
IIb clinical trial, 288 adolescent and adult
patients with cystic fibrosis were assigned to
receive placebo or ciprofloxacin dry powder for
inhalation (DPI) (doses of 32.5 mg or 48.75 mg)
twice daily for 29 days.

▸ There were no significant differences in the
primary efficacy end point of change in forced
expiratory volume in 1 s (FEV1) between cipro-
floxacin DPI and the corresponding placebo
group for either dose, but in pooled analyses,
ciprofloxacin DPI was associated with a signifi-
cantly lower decrease in FEV1 compared with
placebo.

▸ Although this study did not achieve its primary
efficacy end point, ciprofloxacin DPI showed
signs of efficacy, and was safe and well tolerated
during treatment.
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reduce the burden of treatment. This is an essential
factor to consider in a patient population that spends an
average of 2 h daily on healthcare-related activities.9 10

An important aspect of the CF therapeutic drug devel-
opment pipeline has been to develop a wider range of
agents and delivery systems to treat P. aeruginosa respira-
tory infection,11 such as the recently approved aminogly-
coside antibiotic tobramycin DPI (TOBI Podhaler).12

Despite this approval, there is still a clinical need for
antibiotics that can be administered via the DPI route
for the treatment of P. aeruginosa in patients with
CF.6 11 13

Ciprofloxacin DPI is a fluoroquinolone antibiotic
manufactured using PulmoSphere technology from
Novartis (Novartis Pharma AG, Basel, Switzerland) and
consists of particles of a controlled size of ≤5 µm, with
powder density and morphology optimised for pulmon-
ary delivery.14 15 The drug is administered using a
capsule-based dry powder inhaler device (T-326
inhaler).16 This formulation of the antibiotic has proper-
ties that lead to markedly reduced systemic absorption,
thus enhancing its action and potentially minimising
side effects.13 16–18 After decades of intensive antibiotic
use, there is now accelerated evolution of antibiotic
resistance. New treatment options administered by inhal-
ation could help counter the increasing drug resistance
and improve efficacy.11 19 Approval of this agent would
provide CF physicians and patients with a new option for
antipseudomonal treatments administered through the
DPI route.
The mechanism of action of ciprofloxacin is distinct

from other agents commonly administered by inhal-
ation, such as tobramycin.20 Ciprofloxacin has frequently
been used via oral or intravenous administration for the
treatment of pulmonary infection in CF.21 22 Therefore,
a clinical trial of the new DPI formulation was consid-
ered appropriate to perform. A double-blind, prospect-
ive, randomised phase IIb trial was designed to assess
the efficacy and safety of ciprofloxacin DPI in patients
with CF, over a 4-week period.

METHODS
Study design
This multicentre, phase IIb, randomised, double-blind,
parallel-group, placebo-controlled study (Clinicaltrials.
gov trial registration number: NCT00645788; EudraCT
number: 2008-008314-40) was conducted at 73 centres:
USA (51), Canada (3), Germany (4), Sweden (3),
Denmark (1), Israel (4), UK (1) and Australia (6). All
study personnel and participants were blinded with
respect to active treatment (ciprofloxacin DPI, formu-
lated by Novartis’ PulmoSphere technology, or placebo),
but not to dose. The study protocol was amended
several times after enrolment started; the most import-
ant changes were the inclusion of children aged 12–
17 years on availability of safety and pharmacokinetic
data, and the addition of a higher ciprofloxacin DPI

dose group (48.75 mg) approximately 1 year after the
first participants were enrolled. The decision to add the
higher dose was based on the good safety results with
the 32.5 mg dose and the desire to investigate more
than one dose in the phase II trial. Investigation of the
higher dose was also recommended by regulatory
authorities to help to determine the most appropriate
doses to carry forward into the phase III programme.
Participants were stratified according to maintenance

macrolide usage (ie, participants currently treated with
macrolide vs participants not currently treated with
macrolide), and randomised 2:2:2:1 to 32.5 mg cipro-
floxacin DPI (corresponding to 50 mg dry powder);
placebo corresponding to 32.5 mg ciprofloxacin DPI;
48.75 mg ciprofloxacin DPI (corresponding to 75 mg
dry powder); or placebo corresponding to 48.75 mg
ciprofloxacin DPI (figure 1A). All treatments were given
twice daily for 29 days (±1 day). Global Biostatistics,
Bayer Pharma AG, assigned the randomisation and drug
pack numbers using a central, secure randomisation
system. These assignments were then communicated via
an interactive voice–response system. All patients main-
tained their standard treatment, which may have
included Pulmozyme (dornase α), albuterol, inhaled
steroids, macrolides, saline inhalation and β-agonists
(long-acting and short-acting) (stable regimen ≥30 days
prior to study drug administration).

Eligibility
Participants with a documented diagnosis of CF and
chronic colonisation with P. aeruginosa, who were in a
stable clinical condition and on a stable treatment
regimen, were eligible for inclusion in the trial. The
main inclusion criteria were age ≥12 years and CF diag-
nosed by clinical findings and one of the following: a
positive sweat chloride test; homozygosity for ΔF508
genetic mutation or a compound heterogeneous geno-
type for two known CF mutations; a positive sputum or
throat swab culture for P. aeruginosa within the previous
12 months. Participants were also required to meet spe-
cific entry criteria at the screening visit, specifically: a
stable pulmonary status with forced expiratory volume in
1 s (FEV1) ≥35% to ≤75%; room air oximetry ≥88% sat-
uration; absence of antibiotic treatment (with the excep-
tion of macrolides, which were allowed concomitantly as
part of the standard treatment regimen) for pulmonary
exacerbation within 30 days before study drug adminis-
tration (non-antipseudomonal antibiotics were allowed
for other indications); or a stable treatment regimen for
30 days before and throughout the study duration.
Patients on long-term on–off cycles of tobramycin or
colistin treatment for CF were enrolled in their month
off, and visits were scheduled to ensure that the start of
study treatment was not delayed beyond the minimum
30-day washout period.
The main exclusion criteria included: findings on

screening history and physical examination unrelated to
CF that could affect efficacy measurements; colonisation
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with P. aeruginosa and a ciprofloxacin minimum inhibi-
tory concentration (MIC) of ≥256 µg/mL; respiratory
tract colonisation with Burkholderia cepacia complex
within the preceding 12 months; symptomatic aspergil-
losis; haemoptysis ≥300 mL or requiring blood transfu-
sion within the preceding 4 weeks; a history of severe
allergies; pregnancy; and participants <18 years with
chronic musculoskeletal disease or abnormal musculo-
skeletal evaluation at baseline, a high risk of chronic or
recurrent arthritis or tendonitis, or a history of
quinolone-related arthropathy.

All participants (or legal representatives) gave written
informed consent and the study was conducted in
accordance with the Declaration of Helsinki, and with
local legal and regulatory requirements.

End points
The primary objective was comparison of the change in
FEV1 from baseline (day 0) to end of treatment (EOT;
day 29) between participants with CF randomised to
either ciprofloxacin DPI or corresponding placebo in
the intent-to-treat (ITT) population (defined as all

Figure 1 Study design (A) and subject disposition (B). (A) Subjects were stratified based on maintenance macrolide usage and

randomised 2:2:2:1 to receive twice daily: 32.5 mg ciprofloxacin DPI (corresponding to 50 mg dry powder); placebo

corresponding to 32.5 mg ciprofloxacin DPI; 48.75 mg ciprofloxacin DPI (corresponding to 75 mg dry powder); or placebo

corresponding to 48.75 mg ciprofloxacin DPI for 29 days (±1 day). DPI, dry powder for inhalation; EOT, end of treatment. (B) A

total of 288 patients were randomised. Of these, 286 received either study drug or placebo, and were included in both the ITT

and safety analyses sets. ITT, intent-to-treat.
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randomised patients who had received at least one dose
of the study medication and had at least one observation
after drug administration).
Secondary respiratory objectives included: comparing

the change in FEV1 from baseline to days 8 and 15
(treatment phase) and at the 2-week and 4-week
follow-up visits; assessing the change from baseline in
forced vital capacity (FVC) or maximum forced expira-
tory flow (FEF25–75%) rate at all subsequent clinic visits;
and time to first pulmonary exacerbation requiring any
antipseudomonal intervention or hospitalisation.
Pulmonary function tests (FEV1, FVC and FEF25–75%)
were performed at every clinic visit or at discontinu-
ation. Microbiology on sputum samples obtained at all
study visits was performed at a central laboratory.
Objectives were assessment of the change in P. aerugi-
nosa density in sputum from baseline to all subsequent
clinic visits and the incidence of ciprofloxacin-resistant
P. aeruginosa isolates in sputum. Patients completed the
CF Quality of Life Questionnaire Revised (CFQ-R; a
validated disease-specific instrument that measures
health-related quality of life for adolescents and adults
with CF) at baseline, EOT and at the 4-week
follow-up visit.

Safety
Assessment of the safety profiles for ciprofloxacin DPI
and corresponding placebo was a secondary objective of
the study. The safety analysis comprised monitoring for
adverse events (AEs), and haematology, clinical chemis-
try, urinalysis, pulse oximetry, vital signs, physical exami-
nations and musculoskeletal examination for patients
≤18 years of age. These were performed at all clinic
visits (except for haematology and clinical chemistry at
day 15 (treatment phase) and 2-week follow-up visits).
AEs were documented as treatment-emergent events
(TEAEs) up to 7 days after EOT and, along with serious
AEs occurring at any time, were followed up to 30 days
post-therapy. Bronchospasm was defined as a drop of
≥15% in FEV1 and pulmonary exacerbations were
reported as AEs. Patients who received an antipseudo-
monal antibiotic for a pulmonary exacerbation were dis-
continued from the trial.

Statistical analyses
The primary efficacy analysis was based on the ITT
population. The randomisation schedule provided a
power of >95% to detect a 0.15 L absolute difference
(assumed SD: 0.2 L) in change in FEV1 from baseline to
EOT for 32.5 mg ciprofloxacin DPI versus placebo (com-
bined: n=156), and a power of >80% to detect the analo-
gous difference between the 48.75 mg ciprofloxacin DPI
and placebo groups (combined: n=120).
All efficacy variables were presented as summary statis-

tics (arithmetic mean, SD, median, minimum and
maximum for quantitative variables) and analysed by
treatment group, dose of the study drug and corre-
sponding placebo, and total, or combined by group.

Frequency tables for qualitative data were provided. All
statistical tests were two-sided and performed at the 0.05
significance level.
Change in FEV1 was analysed by three-way analysis of

covariance, with the following factors: treatment group,
macrolide use (no/yes), region (centres were pooled
into three regions: northern USA and Canada, south-
ern USA, and outside North America (Europe, Israel
and Australia)). The dependent variable was FEV1 at
EOT; baseline FEV1 served as a covariate. The following
null hypotheses for treatment effect were tested in a
three-step hierarchical testing scheme: ciprofloxacin
DPI 32.5 mg=placebo 32.5 mg plus ciprofloxacin DPI
48.75 mg=placebo 48.75 mg (combined hypothesis);
ciprofloxacin DPI 32.5 mg=placebo 32.5 mg and cipro-
floxacin DPI 48.75 mg=placebo 48.75 mg (two single
hypotheses); and ciprofloxacin DPI 32.5
mg=ciprofloxacin DPI 48.75 mg. Imputation for prema-
ture termination was by last observation carried
forward. FVC and FEF25–75% end points were analysed
in an analogous way.
Change in the density of P. aeruginosa in sputum was

analysed by a log-linear model. The dependent variable
was P. aeruginosa density (log10[colony-forming unit;
CFU]+1]) in sputum at EOT (factors: treatment group,
centre, macrolide use); pretreatment of P. aeruginosa
density in sputum served as a covariate.
Time to antibacterial intervention for exacerbation

was analysed by the Cox proportional hazards model,
with baseline FEV1 as a covariate and the following
factors: treatment, region and chronic macrolide use
(no/yes).

RESULTS
Subject disposition
A total of 288 patients were randomised. Of these, 286
received either study drug or placebo, and were
included in the ITT and safety analyses sets. The first
and last subject visits were 5 May 2008 and 25 January
2011, respectively. The main reason for discontinuation
was AEs; these included pulmonary exacerbations requir-
ing an antipseudomonal antibiotic (figure 1B). Baseline
demographics were similar between groups (table 1).
The overall mean age was 29.3 years with 16.8% of
patients aged ≤20 years. Overall, 64% and 70% of
patients in the ciprofloxacin DPI and placebo groups
had received previous antipseudomonal maintenance
therapy, respectively. Prior macrolide treatment status
was similar for all groups (range 69.9–72.3%) except the
48.75 mg placebo group (54.3%). Owing to the 30-day
exclusionary period for systemic/inhaled antibiotics,
data on prior usage for specific agents were not systemat-
ically collected or available for all patients. Treatment
compliance ≥80% occurred in 96.7% and 90.3% of par-
ticipants in the ciprofloxacin DPI 32.5 and 48.75 mg
groups, respectively, and in 90.8% and 85.7% of partici-
pants in the corresponding placebo groups. There were
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no obvious factors contributing to the slightly lower
compliance rates in the placebo groups.

Primary objective
The primary end point testing did not demonstrate a
treatment effect of ciprofloxacin DPI versus the corre-
sponding placebo group or any difference between the
doses in change in FEV1 from baseline to EOT in the
ITT population (p=0.154; figure 2). Decreases from
baseline were 0.01 L in both ciprofloxacin groups, versus
0.06 L and 0.07 L in the placebo 32.5 and 48.75 mg
groups, respectively. However, the change in FEV1 from
baseline to EOT for pooled ciprofloxacin DPI -treated
patients was significantly less than for pooled placebo
patients (p=0.02); the respective decreases were 0.02 L
for the pooled ciprofloxacin DPI groups and 0.08 L
ciprofloxacin DPI for the corresponding pooled placebo
groups.
The time course of FEV1 values (empirical means) as

a percentage of predicted values is shown in figure 2. In
both ciprofloxacin DPI treatment groups, FEV1
increased from baseline to day 8, but declined after this
time point to EOT. For the corresponding placebo
groups, FEV1 decreased from baseline to EOT, except
for a slight increase at day 15 in the 48.5 mg ciprofloxa-
cin DPI placebo group. A slight increase in FEV1 was
observed for all groups over the course of follow-up,
with the exception of the 32.5 mg ciprofloxacin DPI
group, in which FEV1 values remained relatively stable
during this period.

Secondary objectives
Microbiology
Both doses of ciprofloxacin DPI resulted in a decrease
in P. aeruginosa density during treatment, but this reduc-
tion was reversed after ending treatment (figure 3).
P. aeruginosa density decreased from baseline values in
both ciprofloxacin DPI treatment arms and the placebo
32.5 mg arm after treatment initiation. In the ciproflox-
acin DPI 32.5 mg treatment arm, the mean bacterial
density continued to decrease until day 15 (−1.0 log
CFU/g), whereas a nadir was reached at day 8 for the
48.75 mg ciprofloxacin DPI treatment arm (−1.4 log
CFU/g; figure 3). Although significant differences in P.
aeruginosa density between ciprofloxacin DPI and
placebo were observed at days 14–16 (p<0.001 and
p=0.002 for the 32.5 and 48.75 mg doses, respectively),
there were no significant differences in P. aeruginosa
density at EOT (p=0.214 and p=0.388 for the 32.5 and
48.75 mg doses, respectively) and there were no signifi-
cant changes in P. aeruginosa density in sputum from
baseline at post-EOT follow-up visits. There was no dif-
ference between doses at any time point (p=0.726 at
EOT). Log CFU reductions in mucoid P. aeruginosa
were greater than the reductions in non-mucoid P.
aeruginosa.
There were no significant differences in the incidence

of ciprofloxacin-resistant P. aeruginosa isolates in sputum
at the 4-week follow-up visit. The MIC50/MIC90 values
at baseline and EOT were 1/4 and 2/8 µg/mL for the
ciprofloxacin DPI 32.5 mg group, and 2/8 and 2/16 µg/

Table 1 Baseline subject demographics and characteristics (intent-to-treat/safety population)

Dose 32.5 mg Dose 48.75 mg

Ciprofloxacin DPI

N=93

Placebo

N=65

Ciprofloxacin DPI

N=93

Placebo

N=35

Sex, n (%)

Male 44 (47.3) 39 (60.0) 51 (54.8) 19 (54.3)

Female 49 (52.7) 26 (40.0) 42 (45.2) 16 (45.7)

Age, years (mean) 27.7 31.7 29.3 29.1

Weight, kg (mean) 61.9 64.7 61.3 61.4

BMI (mean kg/m2) 22.3 22.8 21.7 21.6

Ethnicity, n (%)

Caucasian 90 (96.8) 65 (100) 90 (96.8) 35 (100)

Black or African American 3 (3.2) 0 (0) 1 (1.1) 0 (0)

Asian 0 (0) 0 (0) 1 (1.1) 0 (0)

American Indian or Alaskan native 0 (0) 0 (0) 1 (1.1) 0 (0)

FEV1% predicted, mean 55.0 54.8 54.7 52.7

Range 31.0–76.6 36.0–74.2 33.0–79.0 36.0–78.0

Q1–Q3 47.0–63.0 46.0–63.5 43.0–65.3 45.9–60.0

Macrolide use, n (%)

Yes 65 (69.9) 47 (72.3) 66 (71.0) 19 (54.3)

No 28 (30.1) 18 (27.7) 27 (29.0) 16 (45.7)

Prior antipseudomonal maintenance therapy,* n (%) 60 (64.5) 44 (67.7) 59 (63.4) 26 (74.3)

Mean Pseudomonas aeruginosa colony count,

log10CFU/g (SD)

6.73 (2.16) 7.08 (2.07) 6.77 (1.89) 7.37 (1.67)

Mean number of exacerbations in previous year 1.6 1.6 1.9 1.3

*Therapy was not allowed in the 30 days prior to study drug initiation.
BMI, body mass index; CFU, colony-forming unit; DPI, dry powder for inhalation; FEV1, forced expiratory volume in 1 s.
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mL for the 48.75 mg group. Reductions in P. aeruginosa
were similar in patients with baseline isolates that were
susceptible (MIC ≤1 µg/mL), intermediate (MIC=2 µg/
mL), or resistant (MIC ≥4 µg/mL) to ciprofloxacin
(data not shown). The lack of correlation between
reduction in P. aeruginosa and MIC susceptibility of
organism to ciprofloxacin DPI is not surprising, consid-
ering the very high sputum concentrations of

ciprofloxacin that can be achieved by inhalation of
ciprofloxacin DPI.13

Respiratory end points
Exacerbations requiring any antipseudomonal interven-
tion or hospitalisation occurred in 15/93 (16%) and
16/93 (17%) participants receiving ciprofloxacin DPI
32.5 and 48.75 mg, respectively, and in 13/65 (20%) and

Figure 2 Time course of FEV1 (mean, % predicted) (intent-to-treat population) by study group. Empirical mean FEV1 is

presented as percentage predicted value, with error bars representing SD. DPI, dry powder for inhalation; FEV1, forced

expiratory volume in 1 s.

Figure 3 Change in mean density of Pseudomonas aeruginosa in sputum (log10CFU/g) (intent-to-treat population) by study

group. CFU, colony-forming unit; DPI, dry powder for inhalation.

6 Dorkin HL, Staab D, Operschall E, et al. BMJ Open Resp Res 2015;2:e000100. doi:10.1136/bmjresp-2015-000100

Open Access
copyright.

 on M
ay 16, 2023 by guest. P

rotected by
http://bm

jopenrespres.bm
j.com

/
B

M
J O

pen R
esp R

es: first published as 10.1136/bm
jresp-2015-000100 on 7 D

ecem
ber 2015. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


10/35 (29%) participants receiving corresponding
placebo. The study was not powered or designed to
detect an effect of treatment on time to first exacerba-
tion, and the differences observed between the cipro-
floxacin DPI and placebo study arms were not
statistically significant (32.5 mg vs placebo: p=0.464, HR
0.757, 95% CI 0.36 to 1.59; 48.75 mg vs placebo:
p=0.143, HR 0.552, 95% CI 0.25 to 1.22).
The difference in mean percentage-predicted FEF25–

75% from baseline to EOT in the ciprofloxacin DPI
groups increased by 0.29% (pooled), 0.24% (32.5 mg)
and 0.35% (48.75 mg). Conversely, the difference in
mean percentage-predicted FEF25–75% in the matching
placebo groups decreased by 2.0% (pooled), 2.1%
(32.5 mg) and 1.8% (48.75 mg). There was no apparent
treatment effect on FVC. No significant differences were
seen in any of the other secondary end points (change
in FEV1 from baseline to days 8 and 15, and at the
2-week and 4-week follow-up visits; change from baseline
in FVC or FEF25–75% rate at all subsequent clinic visits;
time to first pulmonary exacerbation requiring any anti-
pseudomonal intervention or hospitalisation and micro-
biological end points discussed above).

Health-related quality of life
The 32.5 mg and pooled ciprofloxacin DPI groups both
had significantly higher CFQR respiratory symptom

subscale scores at EOT versus respective placebo groups
(p=0.007 and p=0.019, respectively) in the ITT popula-
tion. Differences were no longer significant by the
4-week follow-up. A weak but significant correlation was
seen between CFQ-R respiratory symptom subscale score
and FEV1 at EOT for the ITT (r=0.255) population
(p<0.001). This correlation was still present in the ITT
population at the 4-week follow-up (r=0.214, p=0.005).

Safety
There were no significant differences in type or inci-
dence of TEAE by treatment group (all TEAEs p=0.115;
table 2) in the safety population. A total of 43.5% of
patients and 32% of patients receiving ciprofloxacin DPI
and corresponding placebo, respectively, experienced a
drug-related TEAE. Of the two ciprofloxacin DPI doses,
the 32.5 mg dose appeared to be somewhat better toler-
ated; 37.6% of patients in this treatment group experi-
enced a drug-related TEAE, compared with 49.5% of
patients who received ciprofloxacin DPI 48.75 mg. The
most common TEAEs in the ciprofloxacin DPI groups
were dysgeusia and abnormal product taste, both of
which were likely related to characteristics of the study
medication (Ciprofloxacin is known for its bitter taste).
Although the placebo formulation contained quinine to
account for this, it is likely that the active drug and
placebo formulations differed in bitterness or other taste

Table 2 Summary of treatment-emergent AEs (safety population)

Dose 32.5 mg Dose 48.75 mg

MedDRA-preferred term

Ciprofloxacin DPI

N=93

n (%)

Placebo

N=65

n (%)

Ciprofloxacin DPI

N=93

n (%)

Placebo

N=35

n (%)

Any AE 68 (73.1) 53 (81.5) 81 (87.1) 29 (82.9)

Any drug-related AE 35 (37.6) 22 (33.8) 46 (49.5) 10 (28.6)

Drug-related AEs in >5% participants in any treatment group

Product taste abnormal 7 (7.5) 4 (6.2) 16 (17.2) 2 (5.7)

Dysgeusia 13 (14.0) 4 (6.2) 9 (9.7) 1 (2.9)

Cough 3 (3.2) 7 (10.8) 2 (2.2) 3 (8.6)

Gastrointestinal disorders* 3 (3.2) 2 (3.1) 5 (5.4) 1 (2.9)

Sputum increased 0 1 (1.5) 2 (2.2) 2 (5.7)

Chest discomfort 1 (1.1) 4 (6.2) 1 (1.1) 0

Any serious AE† 4 (4.3) 4 (6.2) 11 (11.8) 2 (5.7)

Any drug-related serious AE† 0 1 (1.5) 3 (3.2) 0

Pancreatitis 0 0 1 (1.1) 0

Infective pulmonary exacerbation of CF 0 0 1 (1.1) 0

Bronchospasm 0 0 1 (1.1) 0

Haemoptysis 0 1 (1.5) 2 (2.2) 0

AEs of particular interest

Drug-induced bronchospasm (≥15% drop in FEV1

following drug administration)

3 (3.2) 3 (4.6) 3 (3.2) 0

Premature discontinuation due to AE 10 (10.8) 9 (13.8) 15 (16.1) 10 (28.6)

Deaths 0 0 0 0

Multiple occurrences of the same event in the same subject are only counted once.
*Refers to MedDRA SOC. All drug-related AEs within this SOC occurred at a frequency of <5% in the individual treatment groups.
†Serious AEs were defined as AEs that were life-threatening, that required inpatient hospitalisation or prolongation of existing hospitalisation,
that resulted in persistent or significant disability or death, or that was a congenital anomaly, birth defect, or an important medical event.
AE, adverse event; CF, cystic fibrosis; DPI, dry powder for inhalation; FEV1, forced expiratory volume in 1 s; MedDRA, medical dictionary for
regulatory activities; SOC, system organ class.
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attributes. Similar side effects related to taste were also
reported in the ciprofloxacin DPI phase II trial in
patients with non-CF bronchiectasis.17

Aside from three cases of haemoptysis that were con-
sidered to be related to the study drug, there were no
new unexpected safety events reported during the study.
Four participants had serious drug-related TEAEs. The
incidence of treatment-emergent bronchospasm,
defined as ≥15% drop in FEV1 following study drug
administration, was low (0–3 participants per group)
and there was no statistically significant difference by
treatment group (p=0.741). No deaths occurred during
the study.

DISCUSSION
A significant need remains for the development of add-
itional and easier-to-use inhalational antibiotics.
Prolonged use of systemically administered antibiotics to
patients with CF infected with P. aeruginosa is known to
result in resistance to treatment and, therefore, dimin-
ished efficacy.23 To maintain efficacy on repeated admin-
istration, the strategy is usually to add another antibiotic
to the treatment, which would have either an additive or
a synergistic effect.24 Because the relevance of organism
antibiotic sensitivity patterns has been questioned in
recent years, the use of two antibiotics with different
mechanisms of action to improve outcome is still
common practice in most CF centres.25

Antibiotics administered through a DPI route have the
potential for greater efficacy and safety, owing to tar-
geted delivery of higher concentrations of the drug to
the lungs and lower systemic exposure. Additionally, the
more convenient method of administration (compared
with traditional nebulisers) is likely to improve patient
compliance.10 The primary end point of this study was
to compare the change in FEV1 from baseline to EOT
between patients receiving ciprofloxacin DPI and those
receiving matching placebo. Based on the results of this
study, the null hypotheses of no difference between the
treatment groups could not be rejected.
Although the primary end point was not met, cipro-

floxacin DPI was associated with some positive effects in
analyses of the primary variable of lung function
(FEV1), as well as on sputum bacterial load and
health-related quality of life. In particular, there was a
significant difference (p<0.05) between pooled cipro-
floxacin DPI arms and pooled placebo arms in change
in FEV1 from baseline to EOT. However, changes in
FEV1 between 32.5 or 48.75 mg ciprofloxacin DPI and
matching placebo, the prespecified primary study end
point, did not achieve statistical significance. Both cipro-
floxacin DPI arms transiently showed nominally signifi-
cant results of reduced total bacterial load (P.
aeruginosa) up to day 15 compared with matching
placebo arms.
There was some evidence of both mucoid and non-

mucoid P. aeruginosa reduction from baseline with

ciprofloxacin DPI and, in the case of the former, these
decreases were independent of resistance status at base-
line. However, there was no sustained long-term
decrease in the mean total bacterial load, as this change
in P. aeruginosa density in the sputum from baseline was
no longer statistically significant at EOT (ciprofloxacin
DPI vs matching placebo; p=0.068). This finding has
been noted in trials of other therapeutic agents, such as
colistin.26

Significant improvements in health-related quality of
life, assessed with the CFQ-R, were observed in the cipro-
floxacin DPI 32.5 mg treatment group versus placebo as
well as in pooled analyses at EOT (p=0.007 in the
32.5 mg ciprofloxacin DPI group vs matching placebo),
although these improvements were not sustained at the
4-week follow-up visit (p=0.935 in the 32.5 mg ciproflox-
acin DPI group vs matching placebo).
Several factors may have contributed to the primary

end point not being met. Overall, the patients repre-
sented a heavily managed older population: approxi-
mately 77% of patients had received prior
antipseudomonal maintenance therapy and mean age
was 29.3 years; (16.8% of patients were aged ≤20 years),
indicating a relatively advanced disease state in most
patients.27 The limited progress in treatment over the last
decade has reduced the potential to see clinically mean-
ingful improvements in FEV1. Additionally, the lungs of
older patients with CF are damaged to the point that sig-
nificant improvements in FEV1 are less likely. Although
suboptimal drug delivery or penetration could potentially
have influenced the results of our study, data from phase
I studies in CF participants indicate that twice daily
ciprofloxacin DPI administration results in mean sputum
ciprofloxacin concentrations of 34.9–149.7 mg/L, which
are well above plasma levels achieved by systemic cipro-
floxacin use (1.2–3.0 mg/L).28 29 In addition, scinti-
graphic data support high and reproducible lung
deposition of approximately 50% in healthy study partici-
pants and in patients with non-CF bronchiectasis or
chronic obstructive pulmonary disease.30 We therefore
believe it is unlikely that poor drug delivery or penetra-
tion influenced the results. The overall reason for lack of
FEV1 improvement in patients with CF treated with cipro-
floxacin DPI is unknown, but this result demonstrates the
complexity of CF inhalation studies and the possible
need to consider alternative clinical end points in this
population.31

Small airway occlusion by purulent mucus is common
in the lungs of patients with CF, and this is likely to be
more severe in patients with advanced disease. Disease
severity may therefore influence distribution and loca-
tion of the inhaled drug, as with any inhaled antibiotic.
This, in turn, can affect the local concentration of cipro-
floxacin.32 In addition to improved airway clearance
before DPI administration, altering the dosing frequency
may help to mitigate these challenges. In a study of levo-
floxacin inhalation solution, improved outcomes were
observed with higher doses (240 mg twice daily vs
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120 mg twice daily).33 In our study, however, there was
no statistically significant difference between doses for
the primary end point. The reasons for this are unclear,
but may relate to a limited potential for improvement in
this heavily pretreated patient population.
Overall, the safety parameters—type of TEAEs and

their intensity, relationship to the study drug, seriousness
and outcome—remained similar in all groups. There
were three cases of haemoptysis considered to be related
to the study drug, two of which were serious. However, it
should be noted that haemoptysis is not an uncommon
manifestation of pulmonary disease in CF. The 32.5 mg
ciprofloxacin DPI seemed to be slightly better tolerated
than the 48.75 mg ciprofloxacin DPI, with fewer cases of
discontinuation due to AEs and fewer drug-related
TEAEs. In both treatment groups, the incidence of
cough was low. Inhalation of dry powder can result in
cough, owing to the nature of the dosage form10;
however, in this study, although the inhaled mass was
greater than that inhaled with the TOBI Podhaler,12 a
low incidence of cough was reported. This may be due
to the fact that ciprofloxacin DPI is less osmotic than
tobramycin; therefore, a lesser effect is being exerted on
the lung epithelium.
Because of the short-term nature of this study, we are

unable to speculate on the impact of ciprofloxacin DPI
therapy on the effectiveness of future oral ciprofloxacin
in this patient population. Studies with tobramycin solu-
tion for inhalation indicate that intermittent use in
patients with CF results in modest increases in P. aerugi-
nosa MIC values, but the increased MICs are not asso-
ciated with clinically relevant effects.34 However, to date,
no study has specifically examined the effect of inhaled
antibiotics on subsequent systemic therapy with the
same drug or drug class.
In conclusion, in patients with CF, twice daily treatment

with ciprofloxacin DPI (32.5 or 48.75 mg) for 28 days did
not result in significant improvements versus placebo in
change in FEV1 from baseline to EOT, although some
encouraging signs of efficacy were observed. It is possible
that FEV1 is not the best end point for evaluating the
efficacy of a short-term treatment on lung function in
such a patient population. Ciprofloxacin DPI was safe
and well tolerated; the 32.5 mg dose had a slightly more
favourable overall tolerability profile than the 48.75 mg
ciprofloxacin DPI dose. Additional studies assessing the
efficacy of longer term (>28 days) treatment as indicated
by alternative end points, as well as further investigations
on optimal delivery of ciprofloxacin DPI in stable
patients with CF, may be worth pursuing.
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