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Efficacy of inhaled ciprofloxacin agents
for the treatment of bronchiectasis: a
systematic review and meta-analysis of
randomized controlled trials
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Abstract

Background: The efficacy of inhaled ciprofloxacin agents in the treatment of patients with
bronchiectasis is controversial. The objective of the study was to review systematically the
efficacy of inhaled ciprofloxacin agents in patients with bronchiectasis.

Methods: We searched PubMed, EMBASE, and Cochrane Library databases for randomized
controlled trials (RCTs) evaluating inhaled ciprofloxacin agents among patients with
bronchiectasis. Data were pooled using a meta-analysis technique.

Results: Two phase Il and four phase Il RCTs were included with a total of 1685 patients.
Treatment durations of phase lll studies were 48weeks, while those of phase Il studies

were shorter. Pooled analysis of overall studies exhibited a statistically significant benefit of
inhaled ciprofloxacin agents in three exacerbation outcome measures, including time to first
exacerbation (hazard ratio 0.74, 95% confidence interval [CI] 0.63-0.86, 12 23%), exacerbation
frequency (risk ratio [RR] 0.73, 95% CI 0.61-0.86, /2 42%), and exacerbation proportion (RR 0.85,
95% Cl1 0.76-0.96, 12 25%) without significant heterogeneity. Outcomes evaluating pulmonary
function, quality of life, and adverse events were not significantly different between the two
groups. Although eradication of respiratory pathogens was more frequently observed, the
emergence of ciprofloxacin resistance was also significantly higher in the ciprofloxacin group.
Conclusions: A meta-analysis of RCTs of inhaled ciprofloxacin agents showed clinical benefit
in terms of pulmonary exacerbations in patients with bronchiectasis. Since a significant
increase of resistance was also noticed, clinical trials with a longer study period are required

for a conclusive assessment.

The reviews of this paper are available via the supplemental material section.
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Introduction

Nongcystic fibrosis bronchiectasis (henceforth referred
to as bronchiectasis) is a heterogeneous chronic lung
disease characterized by a recurrent inflammation,
poor sputum clearance, and recurrent lung infec-
tion.! Chronic lung infection was reported to be a
major contributing factor to pulmonary exacerbation
in bronchiectasis.? Exacerbation of bronchiectasis
can produce damage to the lung parenchyma,

decrease quality of life, and eventually contribute to
increased mortality.>> Among various pathogens of
chronic lung infection in bronchiectasis, Pseudomonas
aeruginosa is considered to be a major pathogen asso-
ciated with poor clinical outcomes.®’ European
Respiratory Society and British Thoracic Society
guidelines recommended eradication of P. aeruginosa
in patients with bronchiectasis.?® Efficacy of inhaled
antipseudomonal antibiotics was proven by clinical
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trials with patients with cystic fibrosis (CF)-associated
bronchiectasis, and this approach was also tried in
patients with bronchiectasis.® However, the study
results of inhaled antibiotics including tobramycin,
colistin, and aztreonam lysinate in patients with
bronchiectasis were not as satisfactory as those in
patients with CF.10-12

Recently, efficacy of inhaled ciprofloxacin agents
has been evaluated through multiple randomized
controlled trials (RCTs).13-17 Ciprofloxacin dry
powder for inhalation (DPI), BAYQ?3939, has been
tested for its clinical benefit in reducing exacerba-
tion and bacterial loads in bronchiectasis through a
phase II trial and two phase III trials, RESPIRE 1
and 2.1415 ARD-3150, an inhaled antibiotic, which
is a combination of liposomal ciprofloxacin and free
ciprofloxacin, has also been tested for its efficacy in
ORBIT-2, -3, and -4 trials.!%17 However, despite
several positive outcomes in terms of exacerbation,
the efficacy of inhaled ciprofloxacin in these RCT's
was controversial. A systematic review with meta-
analysis of these two inhaled ciprofloxacin agents
will help better assess their effects and safety in the
treatment of patients with bronchiectasis.

Methods

This study was conducted in accordance with the
Cochrane Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
on reporting systematic reviews and meta-
analyses.18

Literature search and study selection

The following patient, intervention, comparison,
outcome, and setting (PICOs) criteria were used
for study selection: (a) patient population/prob-
lem: patients with bronchiectasis; (b) interven-
tion: inhaled ciprofloxacin agents, including DPI
and inhaled liposomal ciprofloxacin (ILC); (c)
comparison: compare the clinical efficacy of
inhaled ciprofloxacin agents with placebo; (d)
outcome: pulmonary exacerbations; (e) setting:
outpatients enrolled in clinical trials.

RCTs evaluating inhaled ciprofloxacin agents
among patients with bronchiectasis were screened,
regardless of region, age groups, or type of study
drugs. All data formats including published arti-
cle, conference abstract, and registered study data
were considered. EMBASE, Cochrane Library,
and MEDLINE were searched up to January

2019 using the searching keyword of (bronchiec-
tasis AND ciprofloxacin). We searched EMBASE
through its own search engine (www.embase.
com), Cochrane Library through the online
search engine (www.cochranelibrary.com), and
MEDLINE through PubMed (www.ncbi.nlm.
nih.gov/pubmed/). In addition, we searched reg-
istered clinical trials through the US National
Library of Medicine database of worldwide clini-
cal trials (www.clinicaltrials.gov). The searching
strategy was identically applied to the databases.
Articles published in English were reviewed.

Data extraction and management

Two independent authors (JUL and JHK) exam-
ined the search results meeting the PICOs criteria.
Details of each study were extracted and tabu-
lated, including study design, phase, geographic
region, type of medication, treatment schedule,
number of study patients (both ciprofloxacin and
placebo), observation period, primary endpoints,
secondary endpoints, and funding source. Data
for both the primary and secondary endpoints
were extracted from the published article or
registered database. The Cochrane Collaboration’s
tool for assessing the risk of bias was used for
quality evaluation of the included studies.!®

Outcomes and definitions

For primary outcomes, the outcome measures
related to exacerbation were evaluated: time to first
exacerbation, frequency of exacerbation, and pro-
portion of exacerbated patients during the study
period. Included studies had adopted different def-
initions of exacerbation: exacerbation of bronchiec-
tasis was defined as (a) worsening of at least three
signs or symptoms (i.e. dyspnea, wheezing, cough,
24-h sputum volume or sputum purulence) beyond
normal day-to-day variation for at least 2 consecu-
tive days, (b) fever (body temperature > 38.0°C)
or malaise/fatigue, and (c) systemic antibiotic treat-
ment in studies by De Soyza er al. and Aksamit
et al.,'%15 while in studies by Serisier er al. and
Haworth ez al.,'%17 a pulmonary exacerbation was
defined as the concurrent presence of four or more
of the abnormal respiratory signs, symptoms, or
laboratory findings (Supplementary Table 1).

Secondary outcomes were pathogen eradication,
emergence of resistance, pulmonary function
(defined as changes of forced expiratory volume in
1s [FEV1]), quality of life (using St George’s
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Respiratory Questionnaire [SGRQ)] score, or qual-
ity of life-bronchiectasis respiratory symptoms
domain score [QOL-B RSS]), and adverse events
(AEs), including any treatment-emergent AEs
[TE-AEs] and serious TE-AEs). Pathogen eradica-
tion was defined as negative culture of a prespeci-
fied pathogen, while emergence of resistance was
heterogeneously defined according to each study
(Supplementary Table 2).

Statistical analysis

All analyses were performed based on the intention-
to-treat population if available. Hazard ratio (HR)
was calculated for time to first exacerbation, while
rate ratio was used for frequency of exacerbation. For
the change of continuous variables, mean difference
(MD) was calculated. Generic inverse variance
methods were used for the calculation of pooled HR,
rate ratio, and MD with 95% confidence intervals
(CIs). As the phase III studies of DPI provided
97.5% or 99.9% ClIs for the primary endpoints,!415
we converted these values into 95% CI for the pooled
analyses, based on the calculation equation of CI.
For binary outcomes, risk ratio (RR) was calculated
using the Mantel-Haenszel method. Subgroup anal-
yses were performed to evaluate separate pooled
effects of each agent, DPI and ILC. Statistical heter-
ogeneity between studies was evaluated using a chi-
square test (p<<0.10 was defined to indicate
significant heterogeneity), and I? was used to denote
the degree of heterogeneity (0-25% low heterogene-
ity, 25-50% moderate heterogeneity, 50-75% sub-
stantial heterogeneity, 75-100%  considerable
heterogeneity). As studies of two different formula-
tions of inhaled ciprofloxacin agents were included,
random-effects models were used regardless of statis-
tical heterogeneity between the studies. Sensitivity
analysis was considered if a significant heterogeneity
was observed in the subgroup analyses of each agent.
Publication bias was assessed by the funnel plot
method and Egger’s test. Review Manager for
Windows, version 5.3 (The Cochrane Collaboration,
The Nordic Cochrane Centre, Copenhagen,
Denmark) was used for meta-analysis.

Results

From the 135 articles initially screened, 5 publi-
cations on 6 RCTs were eligible and included in
the analysis (Figure 1).13-17 Among the five publi-
cations with full text, one article consisted of
results of two RCTs (ORBIT-3 and ORBIT-4
trials).!” Since RESPIRE 1 and RESPIRE 2 trials

consisted of two different regimens of DPI (14
days on/off and 28 days on/off with separate study
populations) for each RCT, we regarded the
results of these different regimens as separate
study values for meta-analysis.!4!> For several
secondary outcomes including pathogen eradica-
tion, emergence of resistance, TE-AEs, and seri-
ous TE-AEs pooled data of these regimens were
used, because the included studies provided only
the data comparing with pooled placebo. For the
evaluation of pulmonary function, emergence of
resistance, pooled data of ORBIT-3 and ORBIT-4
was used for the same reason. We requested addi-
tional data from the authors by email when the
original publication did not contain sufficient
information, but we did not receive replies.

Characteristics of included studies

Table 1 shows the characteristics of the six included
studies. All studies were published between 2013
and 2019. A total of 1685 patients were evaluated
for their outcomes in the included studies and all of
them were involved in the meta-analysis: 1094
patients were included in the inhaled ciprofloxacin
arm, and 591 patients were included in the placebo
arm. Study size ranged from 42 patients to 304
patients. All studies were designed as RCTs: two
phase II trials 1316 and four phase III trials.!%15:17
Five studies were conducted in multiple geographic
regions,!3-1%17 while one was conducted only in
Australia and New Zealand.!® Each agent (DPI and
ILC) was evaluated by one phase II trial and two
phase III trials, respectively.!3-17 Studies of DPI
included patients infected with predefined respira-
tory pathogens including P. aeruginosa,'>15 while
those of ILC only included patients infected with
P. aeruginosa.'%17 Detailed microbiologic inclusion
criteria of individual studies are presented in
Supplementary Table 3. The duration of treatment
ranged from 8 weeks to 48 weeks, including on- and
off-periods. Three studies which evaluated DPI had
a 4-8weeks follow-up period after the end of treat-
ment,!3-15 while three studies on ILC did not.16:17
Two phase II studies set microbiologic outcomes as
primary endpoints,!3:16 while four phase III studies
set pulmonary exacerbation measures as primary
endpoints.!%1517 Secondary endpoints of individual
studies are presented in Supplementary Table 1.

Quality assessment
The risk-of-bias items presented as percentage
and summary for each included study are shown
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Figure 1. Cochrane Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA] flow

diagram for the selection of eligible studies.

in Supplementary Figure 1. Blinding of partici-
pants and personnel and incomplete outcome
data had the lowest risk of 0%, while random
sequence generation had the highest risk of
25%. Two phase II studies had unclear risk of
bias in several domains: The study by Serisier
and colleagues had risk of bias in random
sequence generation, blinding of outcome
assessment, and selective reporting, and the
study by Wilson and colleagues had risk of bias
in random sequence generation and allocation
concealment.!3:16 All phase III studies showed
low risk of bias in the entire domains.!%1517

Primary outcomes

The meta-analysis results of three pulmonary exac-
erbation measures are summarized in Table 2.
Results of seven studies involving 1561 patients
were entered in evaluation of time to first exacerba-
tion.!+17 Use of inhaled ciprofloxacin showed sig-
nificant prolongation of time to first exacerbation
with low heterogeneity (HR 0.74, 95% CI 0.63—
0.86, I? 23%) (Figure 2). In subgroup ), while ILC
did not show statistical significance.

Frequency of exacerbations evaluated in the six
RCTs was also significantly decreased in the
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Table 1. Characteristics of included studies.

Author Study Region Drug Treatment cycle, Patients Primary endpoint

design, treatment duration, no., drug/

phase, follow up after treatment  placebo

name
Wilson RCT, phase 1AP, 4 EU, DPI, 28-day on/off, 8weeks (1 60/64 Sputum bacterial
etal.’¥ Il, n/a 1 NA BAYQ3939 cycle), 4weeks density (respiratory

pathogens)

De Soyza RCT, phase 3AP,9EU, 1 DPI, 14-day on/off, 48 weeks 137/68 Time to first
etal.’% IIl, RESPIRE ~ NA, 1SA BAYQ3939 (12 cycles), 8weeks 141/70 exacerbation

1 28-day on/off, 48 weeks (6 Frequency of

cycles), 8weeks exacerbations

Aksamit RCT, phase 7 AP, 13 EU, DPI, 14-day on/off, 48 weeks 176/88 Time to first
etal.’” I, RESPIRE 1 NA, 2SA, BAYQ3939 (12 cycles), 8weeks 171/86 exacerbation

2 1 AF 28-day on/off, 48 weeks (6 Frequency of

cycles), 8weeks exacerbations

Serisier RCT, phase 2 AP ILC, ARD 28days on/off, 24weeks (3 20/22 Sputum bacterial
et al.1¢$ Il, ORBIT-2 3150 cycles), none density (P. aeruginosa)
Haworth RCT, phase 3AP,10EU, ILC, ARD 28-day on/off, 48weeks (6  183/95 Time to first
etal.l7$ [Il, ORBIT-3 2 NA, 1 AF 3150 cycles], none exacerbation
Haworth RCT, phase 3AP,10EU, ILC, ARD 28-day on/off, 48 weeks (6  206/98 Time to first
etal.l7$ I, ORBIT-4 2 NA, 1 SA 3150 cycles], none exacerbation

*Funded by Bayer Pharma AG, Wuppertal, Germany. fFunded by Aradigm Corporation, Newark, CA, USA.
AF, Africa; AP, Asian-Pacific; DPI, dry powder for inhalation; EU, Europe; ILC, inhaled liposomal ciprofloxacin; n/a, not available; NA, North
America; RCT, randomized controlled trial; SA, South America.

inhaled ciprofloxacin group compared with the
placebo group (rate ratio 0.73, 95% CI 0.61-0.86,
P 42%) (Figure 3).141%17 Both DPI and ILC
showed statistical significance in subgroup analy-
ses (rate ratio 0.72, 95% CI 0.56-0.94, 2 52%
and rate ratio 0.73, 95% CI 0.55-0.98, I? 58%,
respectively). Although moderate to substantial
heterogeneity was observed, it was not statistically
significant by chi-square test (p=0.10).

A total of eight studies were included in the
pooled analysis of exacerbation proportion, and
inhaled ciprofloxacin was associated with a sig-
nificant decrease of exacerbation proportion
when compared with placebo (RR 0.85, 95% CI
0.76-0.96, I> 25%) (Figure 4).!>17 In the sub-
group analysis, the proportion was significantly
less in the DPI group (RR 0.81, 95% CI 0.69—
0.94, 7 12%), while statistical significance was
not observed in the ILC group (RR 0.90, 95% CI
0.76-1.09, I? 41%). Sensitivity analysis was not
performed to assess the primary outcomes since
no significant heterogeneity was noticed using
chi-square test. Publication bias was evaluated by

the funnel plot method and Egger’s test
(Supplementary Figure 2). Although publication
bias was suggested for time to first exacerbation,
it was not significant by Egger’s test (p=0.362).

Secondary outcomes

Forrest plots of secondary outcomes are pre-
sented in Figures 5 and 6. Seven studies evalu-
ated the effect of inhaled ciprofloxacin on
pulmonary function as changes in FEV1.14-17
Analysis involving overall studies showed no
significant difference in FEV1 changes between
the ciprofloxacin group and the placebo group,
and subgroup analyses also showed no signifi-
cant differences (Figure 5(a)). Since a signifi-
cant heterogeneity was noticed in both subgroup
analyses, we additionally performed sensitivity
analysis excluding an outlier study by Aksamit
and colleagues (28-day on/off regimen).!5 In the
sensitivity analysis, the heterogeneity became
nonsignificant, and the change of pulmonary
function was still not significantly different (MD
—-0.03, 95% CI —0.07-0.001, I? 34%).
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Table 2. Effect of inhaled ciprofloxacin in patients with bronchiectasis according to outcome measures and study drugs.

Study Time to first exacerbation Frequency of exacerbations Exacerbation proportion
drugs
d No. of studies, HR (95% Cl), No. of studies, Rate ratio No. of studies, RR (95% Cl),
no. of patients  heterogeneity no. of patients  (95% Cl), no. of patients heterogeneity
(drug versus (drug versus heterogeneity (drug versus
control) control) control)
All drugs 7, 1034 versus 0.74(0.63-0.86), 6, 1014 versus  0.73(0.61-0.86), 8, 500/1094 0.85 (0.76-0.96),
527 (12 23%) 505 (12 42%) (45.7) versus (12 25%)
312/591 (52.8)
DPI, 4, 625 versus 0.70 (0.57-0.86), 4, 625 versus 0.72 (0.56-0.94), 5, 266/685(38.8) 0.81(0.69-0.94),
BAYQ3939 312 (12 27%) 312 (1252%) versus 177/376 (1212%)
(47.1)
ILC, ARD 3, 409 versus 0.80 (0.62-1.05), 2, 389 versus 0.73 (0.55-0.98), 3, 234/409 (57.2)  0.90 (0.75-1.09),
3150 215 (12 25%) 193 (12 58%) versus 135/215 (12 61%)
(62.8)

Bold text indicates p < 0.05. Statistical heterogeneity between studies was assessed using a chi-square test, while none of analysis was significantly
heterogeneous.
Cl, confidence interval; DPI, dry powder for inhalation; HR, hazard ratio; ILC, inhaled liposomal ciprofloxacin; RR, risk ratio.

Four studies which evaluated the efficacy of Pathogen eradication was also assessed in six
DPI presented data of change in QOL-B studies involving 1068 patients, and all but one
RSS.1415 Analysis of the included studies did study had evaluated efficacy of ILC.!3-16 Inhaled
not show a significant difference between the ciprofloxacin showed a positive effect in eradicat-
two groups (Figure 5(b)). For change in SGRQ ing initially cultured respiratory pathogens (RR
score, five studies showed results.!416 The cip- 1.93, 95% CI 1.07-3.49) (Figure 5(d)), but the
rofloxacin group did not show significant analysis also showed a significant heterogeneity
improvement in SGRQ score (Figure 5(c)). (»p=0.005, I? 77% in overall analysis; p=0.02, I?
Sensitivity analysis was not performed for 76% in subgroup analysis for DPI). Sensitivity
SGRQ score since the subgroup analysis of each analysis excluding two outlier studies by Wilson

agent did not showed heterogeneity. and colleagues and Serisier and colleagues!316
Hazard Ratio Hazard Ratio
_StudyorSubgroup ~~ log[Hazard Ratio] SE Weight V. Random. 95% Cl IV. Random.95%CI
DPI, BAYQ3939 15
Aksamitet al. (2017) -14 day on/off -0.1393 0.1706 15.9% 0.87 [0.62, 1.22] 1
Aksamitet al. (2017) -28 day on/off'® -0.3479 0.1794 14.8% 0.71[0.50, 1.00] —
De Soyzaet al. (2017) -14 day on/off"* -0.6349 0.1782 14.9% 0.53[0.37, 0.75] L
De Soyzaet al. (2017) -28 day on/off'* -0.3148 0.1697 16.1% 0.73[0.52, 1.02] |
Subtotal (95% Cl) 61.7%  0.70 [0.57, 0.86] 4
Heterogeneity: Tau? = 0.01; Chi? = 4.12, df = 3 (P = 0.25); I?=27%
Test for overall effect: Z = 3.47 (P = 0.0005)
ILC, ARD-3150 . I
Haworth et al. (2019) -ORBIT 3 -0.0101 0.1695 16.1% 0.99[0.71, 1.38]
Haworthet al. (2019) -ORBIT 4" -0.3285 0.1542 18.4% 0.72[0.53, 0.97] —
Serisieret al. (2013) -0.5379 0.394 3.8% 0.58 [0.27, 1.26] - 1
Subtotal (95% CI) 38.3% 0.80 [0.62, 1.05] -
Heterogeneity: Tau? = 0.01; Chi? = 2.67, df = 2 (P = 0.26); I = 25%
Test for overall effect: Z=1.62 (P =0.11)
Total (95% Cl) 100.0% 0.74 [0.63, 0.86] &

Heterogeneity: Tau? = 0.01; Chi? = 7.82, df = 6 (P = 0.25); 1> = 23%
Test for overall effect: Z = 3.81 (P = 0.0001)
Test for subaroup differences: Chi? = 0.67. df = 1 (P = 0.41). 2= 0%

02 05 1 2 5
Favors Ciprofloxacin Favors Placebo

Figure 2. Forest plot presenting the hazard ratios of time to first exacerbation among patients with
bronchiectasis treated with inhaled ciprofloxacin versus placebo.
*Extracted from a Kaplan-Meier graph. Cl, confidence interval; df, degrees of freedom; SE, standard error.
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Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE_Weight IV, Random. 95% C IV, Random. 95% Cl
DPI, BAYQ3939
Aksamitet al. (2017) -14 day on/off"® -0.1863 0.1747 15.7% 0.83[0.59, 1.17] —
Aksamitet al. (2017) -28 day on/off'® -0.5991 0.186 14.5% 0.55[0.38, 0.79] —_—
De Soyzaet al. (2017) -14 day on/off'* -0.4943 0.1834 14.8% 0.61[0.43, 0.87] I —
De Soyzaet al. (2017) -28 day on/off'* -0.0202 0.187 14.4% 0.98[0.68, 1.41] — T
Subtotal (95% CI) 59.3% 0.72 [0.56, 0.94] -
Heterogeneity: Tau? = 0.04; Chi? = 6.31, df = 3 (P = 0.10); I = 52%
Test for overall effect: Z = 2.44 (P = 0.01)
ILC, ARD-3150
Haworthet al. (2019) -ORBIT 37 -0.1625 0.1388 20.2% 0.85[0.65, 1.12] T
Haworthet al. (2019) -ORBIT 4'7 -0.462 0.1366 20.5% 0.63[0.48, 0.82] —
Subtotal (95% Cl) 40.7% 0.73 [0.55, 0.98] -
Heterogeneity: Tau? = 0.03; Chi? = 2.37, df = 1 (P = 0.12); I = 58%
Test for overall effect: Z = 2.09 (P = 0.04)
Total (95% ClI) 100.0%  0.73[0.61, 0.86] >
Heterogeneity: Tau? = 0.02; Chi? = 8.68, df = 5 (P = 0.12); 12 = 42% (:).2 055 : 2 5

Test for overall effect: Z = 3.59 (P = 0.0003)
Test for subaroup differences: Chi? = 0.00. df = 1 (P = 0.96). I? = 0%

Favors Ciprofloxacin Favors Placebo

Figure 3. Forest plot presenting the rate ratios of exacerbation frequency among patients with bronchiectasis
treated with inhaled ciprofloxacin versus placebo. Cl, confidence interval; df, degrees of freedom; SE, standard
error.

Ciprofloxacin Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random.95% Cl M-H. Random. 95% CI
DPI, BAYQ3939
Aksamitet al. (2017) -14 day on/off'® 68 176 38 88 11.5% 0.89[0.66, 1.21] - 1
Aksamitet al. (2017) -28 day on/off'° 56 171 35 86  9.9% 0.80[0.58, 1.12] - -
De Soyzaet al. (2017) -14 day on/off'* 53 137 42 68 12.9% 0.63[0.47, 0.83] - -
De Soyzaet al. (2017) -28 day on/off'* 67 141 37 70 12.9% 0.90[0.68, 1.19] - 1
Wilsonet al. (2013)" 22 60 25 64  5.9% 0.94 [0.60, 1.47] - 1
Subtotal (95% Cl) 685 376  53.2% 0.81 [0.69, 0.94] ’
Total events 266 177
Heterogeneity: Tau? = 0.00; Chi? = 4.57, df =4 (P = 0.33); I? = 12%
Test for overall effect: Z = 2.74 (P = 0.006)
ILC, ARD-3150
Haworthet al. (2019) -ORBIT 3'" 109 183 54 95 19.1% 1.05[0.85, 1.30] -
Haworthet al. (2019) -ORBIT 4'7 114 206 64 98 21.9% 0.85[0.70, 1.02] —
Serisieret al. (2013)"° 11 20 17 22 58% 0.71[0.45, 1.12] — 1
Subtotal (95% Cl) 409 215 46.8% 0.90 [0.75, 1.09] -
Total events 234 135
Heterogeneity: Tau? = 0.01; Chi2 = 3.37,df =2 (P =0.19); 2 =41%
Test for overall effect: Z = 1.08 (P = 0.28)
Total (95% Cl) 1094 591 100.0% 0.85 [0.76, 0.96] 2
Total events 500 312 ) ) . )
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Figure 4. Forest plot presenting the risk ratios of exacerbation proportion among patients with bronchiectasis
treated with inhaled ciprofloxacin versus placebo. Cl, confidence interval; df, degrees of freedom.

showed reduced heterogeneity (p=0.12, I? 58%),
but the statistical difference was not noticed (RR
1.25,95% CI 0.86-1.83).

Eight studies reported emergence of resistance.!3-17
Pooled analysis showed that use of inhaled cipro-
floxacin is likely to result in emergence of resist-
ance without heterogeneity (RR 1.84, 95% CI
1.41-2.39, I? 0%) (Figure 6(a)). Subgroup analy-
ses also showed that use of inhaled ciprofloxacin
was significantly associated with emergence of
resistance.

All eight studies reported any TE-AEs and seri-
ous TE-AEs, involving 1681 participants.!3-17
Pooled analysis showed that use of inhaled cip-
rofloxacin is less likely to be associated with
TE-AEs with low heterogeneity (RR 0.94, 95%
CI0.90-0.98, I? 7%) Figure 6(b)), while serious
TE-AEs were not different between the cipro-
floxacingroup and placebo group (Supplementary
Figure 3). Change in sputum density of bacteria
was not evaluated due to disagreement in meas-
urement methods and lack of data in the included
studies.
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Figure 6. Forest plots presenting pooled analyses of resistance emergence and adverse effects among
patients with bronchiectasis treated with inhaled ciprofloxacin versus placebo.(a) Emergence of resistance.

(b) Treatment-emergent adverse events (TE-AEs).

Discussion

The present meta-analysis evaluated clinical effi-
cacy of inhaled ciprofloxacin agents in patients
with bronchiectasis, individual studies of which
were controversial. Antibiotics for inhalation has
a potential to produce higher concentrations in
the airways, lower systemic concentration, and
fewer systemic AEs compared with systemic
administration,!!:17:20 and the efficacy of some
inhaled antibiotics was proven for management of
CF bronchiectasis.*?!-?2 While other antibiotics
such as tobramycin, colistin, and aztreonam lysi-
nate for inhalation had not been proven effica-
cious in patients with noncystic fibrosis
bronchiectasis,!%-12 inhaled ciprofloxacin agents
showed promising results in recent RCT's.10:12,1415

Two phase III trials of each agent, RESPIRE 1
and 2 for DPI and ORBIT-3 and -4 for ILC, were
conducted respectively, but outcomes of individ-
ual studies were controversial. In RESPIRE 1,
only the 14-day on/off regimen showed significant
improvement in exacerbation compared with the
placebo, while the 28-day/off regimen failed to
prove its efficacy.'* RESPIRE 2 showed only
trends in improving the two primary outcomes,
but both regimens did not reach statistical signifi-
cance.!> Statistical analysis for the two RESPIRE
studies were almost the same, except that a cor-
rections were differently applied (a significance
level of 0.025 for each treatment arm in RESPIRE
1, and 0.049 for the 14-day on/off arm and 0.001
for the 28-day on/off arm in RESPIRE 2).15
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Among trials evaluating ILC agents, only the
ORBIT-4 trial exhibited benefits of inhaled cipro-
floxacin compared with the placebo, while
ORBIT-3 did not.!” In accordance with publica-
tion of each study, a pooled analysis of each agent
was also performed: the pooled analysis of DPI
showed a statistically significant benefit of inhaled
ciprofloxacin in terms of exacerbation fre-
quency,?3 but that of ILC did not.!” Due to these
controversial results, it was necessary to perform
a meta-analysis including overall studies, for fur-
ther evaluation of these agents.

Of note, the pooled analyses of included studies
demonstrated a clinical benefit of inhaled cipro-
floxacin agents in terms of pulmonary exacerba-
tions. Two primary endpoints used in phase III
studies evaluating efficacy of inhaled ciprofloxacin
were as follows: time to first exacerbation for the
approval of US Food and Drug Administration
(FDA), and frequency of exacerbations for the
European Medicines Agency (EMA)/other agen-
cies.!415 We additionally evaluated exacerbation
proportion as one of primary outcomes since two
phase II studies did not fully report exacerbation
outcome measures.!?1® From our pooled analysis
of both ILC and DPI, inhaled ciprofloxacin
showed its benefits in prolongation of time to first
exacerbation (HR 0.74, 95% CI 0.63-0.86, I?
23%; p=0.0001) and reducing the frequency of
exacerbations in bronchiectasis with low heteroge-
neity (rate ratio 0.73, 95% CI 0.61-0.86, I? 40%:;
p»=0.0003). Furthermore, exacerbation propor-
tion at the end of study was significantly less in the
ciprofloxacin group compared with the placebo
group (RR 0.85, 95% CI 0.76-0.96, > 25%;
p»=0.008). Despite varying definitions of pulmo-
nary exacerbation in the included studies, inhaled
ciprofloxacin showed positive efficacy in reducing
exacerbation of patients with bronchiectasis.

However, while treatment of inhaled ciprofloxacin
showed significant improvement in exacerbations,
it did not lead to improvements in quality of life
according to the outcome measures used (ques-
tionnaires). Although we could not include
ORBIT-3 and ORBIT-4 trials in the pooled anal-
ysis due to lack of standard deviation or 95% CI
values, increase of mean QoL-B RSS scores was
higher in the placebo arms (8.0% versus 12.0% in
ORBIT-3 and 13.4% wversus 14.4% in ORBIT-4,
respectively). Only the 14-day regimen of
RESPIRE 1 showed a benefit of inhaled ciproflox-
acin with adjusted difference, and other original

publications on each study did not fully discuss
this point. Since improvement of quality of life is
one of the important treatment goals in managing
bronchiectasis,?-24 this discrepancy needs to be
evaluated in depth for each trial. Likewise, changes
in pulmonary function were also not different
between the two groups in the present analysis.
To observe whether inhaled antibiotics may affect
disease progression and pulmonary function, clin-
ical studies with a longer observational period
would be required.

Any TE-AEs were less likely to occur in the treat-
ment group and serious TE-AEs were not statisti-
cally different between the two groups. This
suggest noninferiority of the inhaled ciprofloxacin
group in terms of antibiotics-associated AEs,
which was to occur from systemic exposure and
localized side effects such as bronchospasm; this
tendency was also discussed in the earlier stud-
ies.1415%17 For pathogen eradication, the pooled
analysis including four RESPIRE studies and two
phase II studies showed a benefit of ciprofloxacin
treatment with a significant heterogeneity
(p=0.03, I?2 77). However, the sensitivity analysis
which excluded two outlying phase II trials showed
statistical nonsignificance and it was not evaluated
in the ORBIT trials. In addition, it should also be
taken into consideration that definitions of eradi-
cation vary among the included studies, in terms
of evaluation timing and targeted pathogens. It is
difficult to conclude that inhaled ciprofloxacin
resulted in higher eradication rates of respiratory
pathogens. On the other hand, the pooled analysis
showed that resistance emergence during the
study period was significantly higher in the cipro-
floxacin group than in the placebo group without
heterogeneity (RR 1.84, 95% CI 1.41-2.39, PP
0%). This finding was consistent in the subgroup
analyses. Treatment duration of most patients
enrolled in the included RCT's was almost a year,
and resistance emergence was observed in 23.2%
of the pooled ciprofloxacin group. This propor-
tion is nearly double that of the placebo group
(11.9%). More frequent emergence of resistance
in the inhaled antibiotic group was also noticed in
the previous studies of CF bronchiectasis.®
However, the included studies had ‘off periods’
after each cycle of inhaled ciprofloxacin,!®!7 and
the ciprofloxacin is highly concentrated in spu-
tum.?526 Among the included studies, the differ-
ence in resistance between the two groups in the
phase III studies (ciprofloxacin wversus placebo,
23.6% wversus 12.5%) was not higher than that in
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phase II (20% wversus 9.3%), despite a doubling of
the study period. A prospective study with a longer
observation period will clarify the correlation
between the use of inhaled ciprofloxacin, resist-
ance induction, and long-term efficacy of the
drugs. Although long-term use can result in
increased risk of resistance, use of antibiotics is
crucial for the management of bronchiectasis since
chronic bacterial infection of the lung is associated
with frequent pulmonary exacerbation.2-8:14

There were several limitations. First, the number
of included RCTs was small and both drugs do
not yet have approval from the FDA or EMA.
While the FDA did not approve the New Drug
Application of DPI (November 2017) and ILC
(January 2018) due to controversial outcomes of
the respective two phase III trials, each pharma-
ceutical company is still trying to achieve approv-
als. Although these drugs are not currently
available, the present meta-analysis gave a sum-
mary of existing controversies and firstly, demon-
strated the clinical efficacy of inhaled antibiotics in
treating patients with bronchiectasis. This finding
should provide the background for further studies
on inhaled antibiotics for bronchiectasis. Second,
there was heterogeneity of the included studies in
terms of antibiotic formulation and microbiologic
inclusion criteria. With regard to methodological
heterogeneity, we applied a random-effect model
in the pooled analyses regardless of statistical het-
erogeneity. In addition, it should be noted that
the positive finding of the pooled analysis might
not necessarily mean effectiveness of individual
agents. Third, while the primary outcomes of
included studies were focused on pulmonary exac-
erbations, other longitudinal outcomes such as
overall survival, hospitalization, or admissions to
intensive-care units were not evaluated. Also,
among the secondary outcomes, it was not clear
whether the questionnaires objectively reflected
the effects of inhaled ciprofloxacin on quality of
life. Fourth, as the 14-day on/off regimen was
included only in the RESPIRE trials, we could not
assess differences between the 14-day and 28-day
on/off regimens. Since 14-day on/off regimen of
the RESPIRE 1 trial showed the best outcomes
among the included individual studies, evaluation
of the optimal on/off period should also be carried
out in further studies. Lastly, registration in the
PROSPERO database was omitted in the present
analysis, which should be necessarily performed
for systematic reviews to avoid duplication and
promote protocol-driven work.

Conclusion

A meta-analysis of RCTs of inhaled ciprofloxacin
agents showed clinical benefit in terms of pulmo-
nary exacerbations in patients with bronchiecta-
sis. Since a significant increase in resistance was
also noticed, clinical trials with a longer study
period are required for a conclusive assessment.
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