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chronic lung infections with Pseudomonas aeruginosa (P. aeruginosa). The Federal
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The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA
background package often contains assessments and/or conclusions and
recommendations written by individual FDA reviewers. Such conclusions and
recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division or
Office. We have brought ciprofloxacin dispersion for inhalation (DI) to this Advisory
Committee to gain the Committee’s insights and opinions, and the background package
may not include all issues relevant to the final regulatory recommendation and instead is
intended to focus on issues identified by the Agency for discussion by the Advisory
Committee. The FDA will not issue a final determination on the issues at hand until
input from the advisory committee process has been considered and all reviews have
been finalized. The final determination may be affected by issues not discussed at the
advisory committee meeting.
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1

Introduction

This briefing document prepared by the FDA for the panel members of the Advisory
Committee describes the review of safety and efficacy data for ciprofloxacin dispersion
for inhalation (Cipro DI; mixture formulation of ciprofloxacin liposome inhalation
suspension and ciprofloxacin inhalation solution). We would like the committee to
discuss whether the data are adequate to support safety and efficacy of Cipro DI for the
treatment of non-cystic fibrosis bronchiectasis (NCFB) adult patients (>18 years of age)
with chronic lung infections with Pseudomonas aeruginosa.
We are also interested in any other issues the committee considers relevant.
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Background on Non-Cystic Fibrosis Bronchiectasis

Bronchiectasis is characterized by inflamed and easily collapsible airways and
obstruction to airflow [1]. The diagnosis of bronchiectasis is established clinically based
on cough on most days with viscous sputum production, often one or more exacerbations
per year, and radiographically by the presence of bronchial wall thickening and airway
dilatation on chest CT scans [2]. In a review of 103 bronchiectasis patients, the following
clinical symptoms were documented: cough (98%), daily sputum production (78%),
dyspnea (62%), rhinosinusitis (73%), hemoptysis (27%), and recurrent pleurisy (20%)
[3]. Physical findings included crackles (75%) and wheezing (22%). In a study of 117
bronchiectasis patients, fatigue was noted in 43% and correlated with lower FEV 1 [4].
It is estimated that approximately 110,000 individuals have bronchiectasis in the U.S. [5].
The prevalence of bronchiectasis increases with age with an 8 to 10-fold difference in
prevalence after the age of 60 (300 to 500/100,000) as compared to ages <40 to 50 years
(40 to 50/100,000) [5,6]. Bronchiectasis is more common in women. From a
pathophysiological perspective, induction of bronchiectasis requires: (1) an infectious or
environmental pulmonary event, and (2) impaired drainage, airway obstruction, or a
defect in host defense [1]. The resulting host response, immune effector cells
(predominately neutrophils), neutrophil elastase, reactive oxygen intermediates, and
inflammatory cytokines found in respiratory secretions create transmural inflammation,
mucosal edema, cratering, ulceration, and neovascularization in the airways [7,8]. The
result is permanent abnormal dilatation and destruction of the major bronchi and
bronchiole walls [1].
The extent of pulmonary involvement is typically characterized by high resolution CT.
Severity has been assessed using health-related quality of life questionnaires and
pulmonary function tests which typically show an obstructive pattern (reduced or normal
forced vital capacity (FVC), low FEV 1 , and low FEV 1 /FVC).
Since bronchiectasis is a manifestation of scarring resulting from prior injury, infection,
or ongoing problems with secretion clearance, treatment of the underlying disease is not
typically possible. Treatment of acute exacerbations with antibacterial drugs transiently
5

reduces the bacterial load and airway and systemic inflammatory mediators [9]. Acute
bacterial exacerbations are typically heralded by increased sputum production that is
darker and more viscous, and may also include malaise, dyspnea, pleuritic chest pain,
and/or hemoptysis. Fever and chills are generally absent [10]. Viral infections may also
play a role in acute exacerbations [11]. Colonizing flora in patients with bronchiectasis
includes H. influenzae, M. catarrhalis, S. aureus, P. aeruginosa (especially mucoid
types), and less frequently, S. pneumoniae [12,13]. The presence of P. aeruginosa in
sputum has been associated with increased death, exacerbations, and hospital admissions
[14,15]. Lower FEV 1 % predicted, and BMI <18.5 are also predictors of mortality.
Studies of inhaled antibacterial drugs (tobramycin, gentamicin, aztreonam, and colistin)
for the prevention of NCFB exacerbations have yielded mixed results and none are
approved for this indication [16-21]. The findings from clinical trials of ciprofloxacin dry
powder inhalation for NCFB were discussed at an FDA Antimicrobial Drugs Advisory
Committee Meeting held on November 16, 2017.
(https://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AntiInfectiveDrugsAdvisoryCommittee/ucm551361.htm.)
Other therapies used include, but are not limited to: mucolytic agents, respiratory
physiotherapy, inhaled bronchodilators, anti-inflammatory medications, systemic
antibacterial drugs (e.g., macrolides), anti-gastroesophageal reflux therapies, lung
resection surgery, and immunization [22].
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Product Information

Cipro DI is administered via inhalation with a PARI LC® Sprint nebulizer. The active
ingredient of Cipro DI is ciprofloxacin, a synthetic antimicrobial agent of the
fluoroquinolone drug class. The total dose of 6 mL contains 189 mg of ciprofloxacin
base, equivalent to 210 mg of ciprofloxacin hydrochloride. Cipro DI is a mixture of two
formulations of ciprofloxacin:
•

Liposomal encapsulated aqueous dispersion of ciprofloxacin, called Ciprofloxacin
for Inhalation (CFI, 45 mg/mL, expressed as ciprofloxacin base), containing 135
mg in 3 mL dose, and

•

Aqueous solution of ciprofloxacin, called Free Ciprofloxacin for Inhalation (FCI,
18 mg/mL expressed as ciprofloxacin base), containing 54 mg in 3 mL dose.

The contents of the two 3 mL vials are added together in the nebulizer cup immediately
prior to use by the patient.
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Clinical Development and Regulatory History

The Applicant’s proposed indication for Cipro DI is for the treatment of NCFB patients
with chronic lung infections with P. aeruginosa.
The Agency recommended that two adequate and well-controlled clinical trials be
conducted to support the NCFB indication because (1) this was a new treatment
indication and route of administration for ciprofloxacin; (2) there were too many
uncertainties with regard to duration of treatment, frequency of administration and
endpoints to allow for reliance on a single Phase 3 trial; (3) studies of inhaled
antibacterial drugs (tobramycin, gentamicin, aztreonam, and colistin) for the prevention
of NCFB exacerbations have yielded mixed results and none are approved for this
indication (4) there were no relevant animal models; (5) given the proposed chronicity of
administration, there was a need for adequate assessment of safety in a reasonably large
number of patients; and (6) the conduct of two independent trials would be important in
providing replicative evidence supporting an overall demonstration of efficacy and
safety.
Cipro DI has been granted orphan drug, qualified infectious disease product, and fast
track designations for the treatment of NCFB.
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Clinical Pharmacology

Following once-daily inhaled administration of Cipro DI (189 mg ciprofloxacin), the
maximum plasma concentration of ciprofloxacin was 0.195 µg/mL. This was lower than
the concentrations of 2.97-3.59 and 4.56 µg/mL after oral (500 -750 mg BID) and IV
(400 mg BID) administration of ciprofloxacin, respectively. Ciprofloxacin AUC 0-tau at
steady state after inhaled administration was 2.03 µg∙h/mL compared with 12.7 – 32.9
µg∙h/mL for oral/IV ciprofloxacin. The mean ± SD of half-life reported for ciprofloxacin
after repeated daily inhaled administration to NCFB patients was 9.22 ± 1.16 hours,
compared with approximately 4 hours for oral/IV ciprofloxacin. Population PK modeling
predicts that steady state concentrations of ciprofloxacin in sputum following once-daily
dosing with Cipro DI are reached in approximately 4 days. The calculated 10th percentile
minimum ciprofloxacin concentration in sputum is approximately 35 µg/g.
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Sources of Clinical Data
6.1 Clinical Program Overview

The to-be-marketed Cipro DI formulation was studied in one Phase 2 trial (ORBIT-2)
and two Phase 3 trials (ORBIT-3 and ORBIT-4). In these trials, 409 patients received at
least one dose of Cipro DI including 389 patients in Phase 3 trials and 20 in the Phase 2
trial; 215 patients received placebo. The clinical development program also included two
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Phase 1 trials and one Phase 2 trial where 56 patients were exposed only to the liposomal
component and 15 to early formulations of Cipro DI.
Because ORBIT-2 was a small trial with a primary endpoint based on microbiological
efficacy, fewer treatment cycles and shorter duration of follow-up (3 on and 3 off 28-day
cycles, 6 months total duration plus 28-day observation), it is reviewed separately from
the Phase 3 trials in the evaluation of efficacy, and is included in the safety evaluation.
The Phase 3 trials are discussed in the next section.
ORBIT-2 was a randomized, double-blind trial conducted in 42 patients 18 to 80 years of
age (20 in the treatment and 22 in the placebo arm) with a diagnosis of NCFB confirmed
by computed tomography, P. aeruginosa colonization in the sputum, and at least two
pulmonary exacerbations (PEs) in the 12 months prior to screening. At screening, at least
one of the isolates of P. aeruginosa must have been susceptible to ciprofloxacin. Patients
were enrolled in this trial for approximately 6 months (three 28-day on-treatment periods
and three 28-day off-treatment periods). The primary endpoint was defined as mean
change in P. aeruginosa log 10 CFU/gram of sputum after 28 days of treatment. The
secondary endpoints included comparison of Cipro DI to placebo in time to, number of,
severity of, and time to resolve PEs; changes in spirometry; and safety and tolerability. A
total of 9 patients in the treatment arm and 3 in the placebo arm completed the study.
There were 11 discontinuations in the treatment arm (6 due to adverse events and 5 due to
pulmonary exacerbations) and 19 in the placebo arm (4 due to adverse events, 13 due to
pulmonary exacerbations, 1 protocol eligibility violation and 1 “other”). Six patients (5 in
the treatment arm and 1 in the placebo arm) completed the three cycles and did not have
pulmonary exacerbations.
In the full analysis set (FAS), the mean log 10 CFU sputum P. aeruginosa load change at
Day 28 was -0.08 for placebo vs. -4.20 for Cipro DI, (ANCOVA model with baseline
bacterial load as a covariate, p=0.002). In the FAS, 28 (66.7%) patients experienced at
least one PE (17 [77.3%] in the placebo group and 11 [55.0%] in the Cipro DI group).
The analysis of time to first PE in the FAS yielded a median time of 58 days in the
placebo group and 134 days in the Cipro DI group (p=0.057, log-rank test).
The proportions of patients reporting serious adverse events (SAEs), treatment emergent
AEs (TEAEs), and AEs leading to study termination were comparable between treatment
groups. There were no deaths reported during the study. Adverse reactions characterized
as “lung disorder” were the most commonly reported TEAEs, occurring in 86% of
placebo recipients and 55% of Cipro DI recipients. These include mostly pulmonary
exacerbations, which were severe in 4 (18.2%) placebo recipients and in 1 (5%) treatment
recipient. Other frequently reported TEAEs included hemoptysis (14% in placebo arm
and 10% in treatment arm) and wheezing (14% in placebo arm and 5% in treatment arm).
Abnormal product taste was reported only by treatment recipients and at a rate of 20%.
A total of 10 SAEs were reported in 6 patients (3 in the placebo arm and 3 in the
treatment arm). They included pulmonary exacerbations, pneumonia and myocardial
infarction.

8

6.2 Phase 3 Trials
6.2.1 Study Design
Aradigm conducted two Phase 3 trials (ORBIT-3 and ORBIT-4) with nearly identical
study designs. The only difference was the inclusion of a pharmacokinetics sub-study in
the open-label treatment extension phase of ORBIT-3. Both were randomized, doubleblind, comparative trials that used an inhaled placebo comparator consisting of a
formulation containing 5.8% of the proportion of liposomes contained in the Cipro DI
formulation. In both trials, patients were randomized 2:1 to receive Cipro DI (Cipro) or
placebo once daily in 6 cycles of 56 days each, comprised of 28 days on/28 days off
therapy over a period of 48 weeks. Randomization was stratified by sex, smokers versus
non-smokers (non-smokers were patients who never smoked or had quit smoking for at
least one year prior to screening), and number of prior PEs (2-3, 4-7 and >7).
Figure 1: Treatment Cycles and Visits in ORBIT-3 and ORBIT-4

Source: Applicant Figure

Selected Trial Eligibility Criteria:
• Documented history of at least two pulmonary exacerbations (PEs) treated with
courses of antibacterial drugs within the last 12 months.
• FEV 1 ≥ 25% of predicted values at the screening visit.
• Documented P. aeruginosa in a sputum/deep-throat swab culture (or
bronchoalveolar lavage or bronchoscopic specimen) prior to the Screening Visit
(Visit 0).
• Patients could be on chronic treatment with macrolides erythromycin,
clarithromycin or azithromycin if they were receiving a stable dose and no dosing
changes had occurred within 28 days prior to randomization.
9

•

Patients could not have had a PE during the screening phase and before
randomization, should not have received IV, oral, or inhaled anti-pseudomonal
antimicrobial agents within 28 days prior to Visit 1, of have active allergy to
product components and/or other fluoroquinolones.

Primary Efficacy Endpoint
The primary endpoint was the time to first PE during the Double-Blind Phase (Day 1 to
Week 48) defined as the time in days from first study drug dose (Visit 1) to first
occurrence of a PE event. The PE qualifying for the primary endpoint had the protocoldefined characteristics detailed below.
Pulmonary Exacerbation Definition
A PE was defined as a change from the subject's baseline in any (4 or more) of the
following 9 symptoms, signs, or laboratory findings:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Change in sputum production (consistency, color, volume, or hemoptysis)
Increased dyspnea (chest congestion or shortness of breath)
Increased cough
Fever (≥ 38º C)
Increased wheezing
Decreased exercise tolerance, malaise, fatigue, or lethargy
FEV 1 or FVC decreased 10% from a previously recorded value
Radiographic changes indicative of a new pulmonary process
Changes in chest sounds

For the purposes of the trial, the onset date of a PE was the first point at which 4 or more
abnormalities from the list above occur concurrently in the subject at one point in time.
The end date of the PE was defined based on the Investigator’s judgment of resolution or
the conclusion of treatment with antibacterial drugs (if used to treat the pulmonary
exacerbation), whichever occurred later, regardless of the number of different
consecutive antibacterial drug treatments required.
•
•

If the next course of antibacterial drug was initiated ≥14 days after stopping the
previous course, it was viewed as a new PE as long as the symptoms of the previous
exacerbation had resolved.
If the next course of antibacterial drug was initiated <14 days after stopping the
previous course, it was viewed as the same PE, regardless of whether symptoms had
resolved.

The PE severity was defined as follows:
• Mild: Adjustments in treatment, including increase in frequency of current
therapy, excluding the use of antibacterial drugs
• Moderate: Treatment with oral antibacterial drugs
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•

Severe: Treatment with intravenous antibacterial drugs and/or hospitalization

Adjudication Committee for Discrepancies Found in Cases of PEs
A Pulmonary Exacerbation Blinded Adjudication Committee (PEBAC) was instituted for
cases of discrepancies between the investigator’s reporting of a PE and corresponding
protocol-defined signs and symptoms. The ORBIT PEBAC consisted of 3 standing
voting members.
The primary function of the PEBAC was to provide a blinded assessment of the
following:
•
•
•
•

A subject who met protocol-defined specific abnormal respiratory signs or
symptoms for PE but was not reported as having a pulmonary exacerbation by the
study investigator, or
A subject who was reported as having a PE by the study investigator but was not
reported to have met the criteria for a protocol-defined PE, or
A subject who received antibacterial drugs, although at the time of the initiation of
the antibacterial therapy the subject was not reported to have a PE.
Assessment of resolution of exacerbation episodes in case of discrepancies between
the reporting of continuing presence of signs and symptoms, or discontinuation of
antibacterial treatment for the episode, and the judgment of the PE end date by the
investigator.

The PEBAC was to review, in a blinded manner, reported clinical data of those patients
noted above and each member independently would vote as to whether the subject
experienced a protocol-defined PE or not. Where adjudication committee members
disagreed in their assessment of whether a pulmonary exacerbation occurred, the
assessment of the majority (2 of the 3 members) would prevail. PEBAC members who
were participating in the study would not vote on cases involving their own patients; in
this situation in case of a split vote, the Chairman’s opinion would prevail.
Secondary Efficacy Endpoints
1. Frequency of pulmonary exacerbations from baseline (Day 1) to Week 48
2. Number of severe pulmonary exacerbations from baseline (Day 1) to Week 48
3. Change in Respiratory Symptoms Domain Score of QoL-B from baseline (Day 1)
to Week 48
Analyses of Microbiological Response Endpoints
Microbiological response was evaluated in the ITT population. The outcomes measured
include:
• Change in P. aeruginosa density in sputum (log 10 ) CFU/gram of sputum samples
from baseline (Day 1) to Day 28.
• Incidence of isolation of other (non-Pseudomonas) sputum pathogens
• Minimum inhibitory concentration of ciprofloxacin in P. aeruginosa isolates
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Safety assessments and monitoring
All TEAEs were monitored throughout the trial follow-up until 30 days after the last dose
of study drug and after that date only if the investigator considered them causally related
to study drug. If an AE was a part of a PE, it also should have been reported as an AE.
Spirometry endpoints (FEV 1 and FEV 1 % predicted, FVC and FVC % predicted) were
measured at visits 1 and 8 pre-dose and at 15, 30 and 90 minutes after drug
administration. Serial spirometry for safety was measured at Visit 14 only in patients who
were continuing into the open label phase. Changes from baseline and percentage of
patients with a decrease ≥15% were considered clinically meaningful and recorded and
summarized by treatment. A decrease of 10% or more in the FEV 1 % predicted was
recorded as an AE “forced expiratory capacity decreased.” The changes from baseline
(Day 1) to Week 48 in diffusing capacity of the lung for carbon monoxide (DLCO) and
the 6-minute walk test were also measured.
Sample Size Determination
The sample size was based on achieving at least 90% power to demonstrate a difference
between treatment arms in time to first PE by Week 48. The assumptions included a 48week failure rate of 80% in the placebo and 60% in the Cipro arm, which is equivalent to
an annual failure rate of 82.5% and 62.9% in the placebo and Cipro arms, respectively. A
2-sided 0.05 significance level was specified for each trial. Given these assumptions, the
sample size estimated was 234 patients in each trial (2:1 assignment, Cipro: placebo) to
produce at least 149 PEs. The target sample size was increased to 255 per trial.
Differences between the two trials include:
• ORBIT-3 included an additional pharmacokinetics and safety sub-study in the openlabel phase.
• ORBIT-3 randomized 290 patients and ORBIT-4 randomized 308 patients.
In ORBIT-3, 12 patients (10 in the treatment arm and 2 in the control arm) were
randomized and not dosed. This resulted in a smaller analysis population (N=278)
than that of ORBIT-4 (N=304). In ORBIT-4, 4 patients were randomized and not
dosed (1 in the treatment arm and 3 in the control arm).

6.2.2 Demographics and Baseline Characteristics
In ORBIT-3, 514 patients were screened (224 screen failures), 290 were randomized and
comprised the Intent to Treat (ITT) population (193 to the Cipro arm and 97 to placebo
arm). A total of 278 randomized patients received at least one dose of study drug (183 in
the Cipro arm and 95 in placebo arm) and were included in the full analysis (FA)
population; 12 randomized patients who did not receive study drug (10 in the Cipro arm
and 2 in the placebo arm) were excluded from the FA population (details provided in
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Table 2). Countries that enrolled at least 10% of overall patients in the FA population
were Australia (25.2%), the United States (18.7%) and Great Britain (10.8%).
In ORBIT-4, 533 patients were screened (225 screen failures), 308 were randomized and
comprised the ITT population (207 to the Cipro and 101 to placebo arm). A total of 304
patients were randomized and received at least one dose of study drug (206 in the Cipro
arm and 98 in placebo arm). Countries that enrolled at least 10% of overall patients in the
FA population were Great Britain (14.1%) and the United States (11.8%). Australia
enrolled 8.6% of patients.
In ORBIT-3, in the FA population the mean age of patients was 65.1 years (range 21-87
years), 69.8% were women and 30.2% were men, and 89.9% were of white race.
Information on the etiology of bronchiectasis was not collected. Most patients (75.5%)
experienced 2–3 PEs in the 12 months prior to screening. All patients in the FA
population were current non-smokers, except for 3 patients (1.6%) in the Cipro arm and 1
patient (1.1%) in the placebo arm. The overall mean FEV 1 % predicted and mean FVC %
predicted were similar between arms. The most common baseline pathogens in sputum
other than P. aeruginosa were S. aureus (19.1%), Escherichia coli and other
Enterobacteriaceae (5.8%) and S. pneumoniae (2.9%).
In ORBIT-4, in the FA population, the mean age of patients was 63.6 years (range 18-90
years), 64.8% were women and 35.2% were men, and 82.2% were of white race, and
11.2% were of Hispanic or Latino ethnicity. Information on the underlying etiology
leading patients to develop NCFB was not collected. The majority (79.6%) had
experienced two exacerbation episodes 12 months prior to enrollment. The most common
baseline pathogens in sputum other than P. aeruginosa were S. aureus (24%), S.
pneumoniae (4.3%), and E. coli and other Enterobacteriaceae (3.9%).
Table 1 provides the demographic and baseline characteristics by trial and treatment arm.
These characteristics were generally balanced between the treatment arms, except that the
proportion of patients receiving macrolide treatment at baseline was higher in the Cipro
arm in ORBIT-3 compared to the placebo arm (23.5% and 13.7%, respectively) and the
reverse distribution was observed in ORBIT-4, in which 16.5% of patients in the Cipro
arm were receiving macrolide treatment at baseline as compared to 24.5% of patients in
the placebo arm. There are other differences between the two trials. Specifically, the
distributions of patients across geographic region were different and patients in ORBIT-3
had a slightly lower mean FEV 1 % predicted as compared to patients in ORBIT-4.
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Table 1: ORBIT-3 and ORBIT-4 Baseline Characteristics and Demographics

Mean
Median
Min-Max
Male
Female
White
Asian
Black or African American
Native Hawaiian/Pacific Islander
American Indian/Alaska Native
Missing
Any macrolide treatment at BL
a. <30
b. 30-49
c. 50-80
d: >80
Mean FEV 1 % predicted (SD)
Mean FVC % predicted (SD)
1 to 2
3 or more

ORBIT-3
Cipro
Placebo
N=183
N=95
66.7
64.3
68
69
21-86
21-87
56 (30.6%)
28 (29.5%)
127 (69.4%)
67 (70.5%)
161 (88%)
89 (93.7%)
15 (8.2%)
4 (4.2%)
3 (1.6%)
1 (1.1%)
2 (1.1%)
1 (1.0%)
0
0
2 (1.1%)
0
43 (23.5%)
13 (13.7%)
11 (6.01%)
7 (7.4%)
62 (33.9%)
30 (31.6%)
79 (43.2%)
43 (45.3%)
27 (14.7%)
14 (14.7%)
57.3 (21.9)
57.4 (20.2)
70.1 (20.2)
68.9 (18.4)
103 (56.3%)
53 (55.8%)
80 (43.7%)
42 (44.2%)

ORBIT-4
Cipro
Placebo
N=206
N=98
63.3
64.2
65.5
67
18-90
21-86
72 (35.7%)
35 (35%)
134 (65%)
63 (64.3%)
168 (81.6%)
82 (83.7%)
11 (5.3%)
4 (4.1%)
2 (1%)
1 (1%)
1 (0.5%)
0
17 (8.5%)
6 (6.4%)
7 (3.4%)
5 (5.1%)
34 (16.5%)
24 (24.5%)
10 (4.8%)
6 (6.1%)
54 (26.2%)
28 (28.6%)
99 (48.1%)
49 (50%)
42 (20.4%)
14 (14.3%)
61.6 (21.7)
59.8 (20.8)
74.2 (19.3)
74.1 (19.1)
110 (53.4%)
53 (54.1%)
96 (46.6%)
45 (45.9%)

2-3
4-7
>7

141 (77%)
39 (21.3%)
3 (1.6%)

69 (72.6%)
25 (26.3%)
0

166 (80.6%)
38 (18.4%)
2 (1.0%)

76 (77.6%)
18 (18.4%)
3 (3.1%)

Ever smoked
Quit smoking for at least 1 year
Current smoker
Australia and New Zealand
Central and Eastern Europe
Other Regions#
USA and Canada
Western European

59 (32.2%)
56 (30.6%)
3 (1.6%)
43 (23.50%)
21 (11.5%)
16 (8.7%)
44 (24.0%)
59 (32.2%)

33 (34.7%)
32 (33.7%)
1 (1.0%)
27 (28.4%)
13 (13.7%)
9 (9.5%)
15 (15.8%)
31 (32.6%)

57 (27.7%)
55 (26.7%)
2 (0.1%)
28 (13.6%)
53 (25.7%)
26 (12.6%)
34 (16.5%)
65 (31.5%)

25 (25.5%)
25 (23.5%)
0
14 (14.3%)
20 (20.4%)
9 (9.2%)
12 (12.2%)
43 (43.9%)

Category

Subcategory

Age (years)

Sex
Race

Baseline Macrolides
FEV 1 % predicted

FVC% predicted
Number of PE in
previous year, 2
categories
Number of PE in
previous year, 3
categories
Smoking status

Geographic Region

Source: ADSL, CM datasets, and Tables 14.1.4.2 from CSRs from ORBIT-3 and ORBIT-4
# other: ORBIT-3 includes S. Korea (n=2), Taiwan (n=9) and S. Africa (n=14); ORBIT-4 includes S. Korea
(n=14) and Peru (n=21)
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Evaluation of Efficacy
7.1 Patient Disposition

The overall trial completion rates in ORBIT-3 and ORBIT-4 were 78.8% and 85.2%,
respectively. In ORBIT-3, more patients in the Cipro arm (22.4%) prematurely
discontinued from the trial compared to the proportion in the placebo arm (18.9%). In
14

contrast, in ORBIT-4, fewer Cipro patients prematurely discontinued (13.6%) compared
to placebo (17.3%). The most common primary reason for discontinuing the trial was
“withdrawal by subject,” which was observed in 7.7% of Cipro subjects and 11.6% of
placebo subjects in ORBIT-3 and 6.3% of Cipro subjects and 11.2% of subjects in
ORBIT-4. In both studies, the most common reason for early discontinuation of study
drug was “adverse event,” which was higher in ORBIT-3, observed in 13.1% of patients
in the treatment arm and in 8.4% of patients in the placebo arm. In ORBIT-4,
discontinuations due to AEs were observed in 5.3% of patients in the treatment arm and
in 9.2% of those in the placebo arm. Death rates were 2.7% on Cipro and 3.2% on
placebo in ORBIT-3 and 1.0% on Cipro and 4.1% on placebo in ORBIT-4. Details on
disposition events for the double-blind and open-label periods are presented in Table 2,
below.
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Table 2: Patient Disposition - ORBIT-3 and ORBIT-4
ORBIT-3
Cipro DI
N (%)

Placebo
N (%)

ORBIT-4
Cipro DI
N (%)
533
225
207
1 (0.5)
206 (99.5)
176 (85)

Placebo
N (%)

Pooled Studies
Cipro DI
N (%)

Placebo
N (%)

Screened
514
1047
Screen Failure
224
449
Randomized (ITT)
193
97
101
400
198
Did not Receive Study Drug*
10 (5.2)
2 (2.1)
3 (3.0)
11 (2.7)
5 (2.5)
Exposed (FA/Safety) **
183 (94.8)
95 (97.9)
98 (97)
389 (97.2)
193 (97.4)
Per Protocol
145 (75.1)
78 (80.5)
76 (75.2) 321 (82.5)
154 (79.7)
Early Discontinuation of Study Drug
Adverse Event
24 (13.1)
8 (8.4)
11 (5.3)
9 (9.2)
35 (8.9)
17 (8.8)
Withdrawal by Subject
16 (8.7)
11 (11.6)
15 (7.3)
10 (10.2)
31 (8.0)
21 (10.9)
Protocol Deviation
2 (1.1)
2 (2.1)
1 (1.0)
1 (0.5)
3 (0.8)
3 (2.0)
Physician Decision
3 (1.6)
1 (1.1)
2 (1.0)
1 (1.0)
5 (1.3)
2 (1.0)
Lost to Follow-Up
2 (1.1)
1 (1.1)
3 (1.5)
0
5 (1.3)
1 (0.5)
Lack of Efficacy
3 (1.6)
0 (0.0)
1 (0.5)
0
4 (1.0)
0 (0)
Other
1 (0.5)
1 (1.1)
1 (0.5)
0
2 (0.5)
1 (0.5)
Per-Protocol Defined Pulmonary
1 (0.5)
0 (0.0)
1 (0.5)
0
2 (0.5)
0 (0)
Exacerbation
Study Exit Status – Double Blind
Completed
142 (77.6)
77 (81.1) 178 (86.4) 81 (82.7) 320 (82.3)
158 (81.9)
Withdrawal by Subject
14 (7.7)
11 (11.6)
13 (6.3)
11 (11.2)
27 (6.9)
22 (11.4)
Adverse Event
16 (8.7)
3 (3.2)
5 (2.4)
4 (4.1)
21 (5.4)
7 (3.6)
Lost to Follow-Up
3 (1.6)
1 (1.1)
3 (1.5)
0
6 (1.5)
1 (0.5)
Physician Decision
3 (1.6)
1 (1.1)
3 (1.5)
1 (1.0)
6 (1.5)
2 (1.0)
Protocol Deviation
2 (1.1)
1 (1.1)
1 (0.5)
1 (1.0)
3 (0.8)
2 (1.0)
Lack of Efficacy
2 (1.1)
0 (0.0)
1 (0.5)
0
3 (0.8)
0 (0)
Other
0 (0.0)
1 (1.1)
2 (1.0)
0
2 (0.5)
1 (0.5)
Per-Protocol Defined Pulmonary
1 (0.5)
0 (0.0)
0
0
1 (0.3)
0 (0)
Exacerbation
Death
5 (2.7)
3 (3.2)
2 (1.0)
4 (4.1)
7 (1.8)
7 (3.6)
Study Exit Status – Open Label
Completed
126 (68.9)
61 (64.2)
163 (79.1) 70 (71.4) 289 (74.3)
131 (67.9)
Adverse Event
0 (0.0)
4 (4.2)
1 (0.5)
1 (1.0)
1 (0.3)
5 (2.6)
Lost to Follow-Up
1 (0.5)
1 (1.1)
0
0
1 (0.3)
1 (0.5)
Other
0 (0.0)
1 (1.1)
0
0
1 (0.3)
0 (0)
Per-Protocol Defined Pulmonary
0 (0.0)
1 (1.1)
0
0
0
1 (0.5)
Exacerbation
Telephone Contact
Completed
182 (99.5) 95 (100.0)
206 (100)
98 (100)
388 (99.7)
193 (100)
Source: Disposition events are determined by the standardized disposition term (DSDECOD) and category
and subcategory (DSCAT and DSSCAT) from the disposition domain (DS) dataset. Treatment arm is
determined by the actual treatment arm (ACTARM) from the demographics domain (DM) dataset. Each
subject is counted only once per disposition event.
* Reasons given for failure to receive randomized treatment:
ORBIT-3: Cipro: 6 patients had PE between screening and randomization period, 1 patient had with AE, 2
patients withdrew consent, 1 patient had not been off antibiotic treatment for a minimum of 28 days prior to
Visit 1; Placebo: 1 patient had an AE between screening and Visit 1 and 1 patient withdrew consent
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ORBIT-4: Cipro: 1 patient withdrawn due to investigator decision; Placebo: 1 patient withdrew consent; 1
patient had used IV or IM corticosteroid >10 mg/day or > 20 mg every other day within 28 days prior to
Visit 1; 1 patient had not had documented history of at least 2 PEs treated with antibiotics during past 12
months
** Denominators used in percentage calculations are from the FA/Safety Populations

7.2 Statistical Methodologies
Primary Endpoint Analysis
The primary efficacy analysis population was the full analysis (FA) population that
included all randomized patients receiving at least one dose of study drug.
The primary endpoint of time to first PE by Week 48 was assessed using a stratified, nonweighted log-rank test statistics. The statistical analysis plan specified stratifications
include sex (male/female), smoking status, and number of PEs in the past 12 months at
time of randomization (2-3 or ≥4); however, due to too few patients currently smoking at
baseline this stratum was omitted from the primary analysis.
Patients completing the double-blind period without experiencing a PE were censored at
Week 48. The following censoring rules were applied to patients who did not experience
a PE during the 48-week period:
-Patients who prematurely discontinued treatment but remained in the trial were
censored on the earlier date of the Visit 14 or date of first dosing +340 days
-Patients who prematurely withdrew from the trial prior to completing the doubleblind period were censored on the date of early withdrawal.
-Patients who prematurely discontinued treatment and were lost-to-follow-up were
censored on date of study drug discontinuation.
Sensitivity Analyses of the Primary Endpoint
Analysis of the time to first PE by Week 48 was conducted in a per-protocol (PP)
population using both the unweighted, stratified log-rank testing process. Also, a nonweighted, non-stratified log rank test was performed on the primary endpoint in all the
FA and PP populations.
In addition, sensitivity analysis was performed including PEs based on investigator
assessment only in FA population stratifying by sex and prior PEs.
Models including baseline macrolide use (Yes/No) along with prior numbers of PEs and
sex strata were assessed to evaluate the impact-if any-on the slight imbalances between
treatment arms in baseline macrolide use in both trials.
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Secondary Endpoint Analyses
A stratified negative binomial regression analysis adjusting for patients’ follow-up
duration since the time of randomization by including an offset factor of log (time in trial)
was performed to compare the frequency of PEs by Week 48 between treatment arms.
Strata included in the model were: sex and number of PEs (2-3, ≥4) in the prior 12
months. Additional analyses of total PEs by investigator assessment only and total severe
PEs were performed using the same modeling approach.
The change in QoL-B from baseline to Week 48 was analyzed using a mixed model
repeated measures (MMRM) approach stratifying by sex and number of PEs (2-3, ≥4) in
the prior 12 months. Fixed effects included in the model were treatment, visit, and
treatment by visit. Baseline value was included as a continuous covariate and the
stratification factors were included as categorical factors. The compound symmetry
covariance structure was assumed as the structure for correlations across study visits.
Also, an ANCOVA model was constructed to assess the change from baseline to Week
48.
FEV 1 % predicted change from baseline at Week 48 and change from pre-dose for the
FEV 1 serial measures were assessed via ANCOVA models including treatment and
baseline strata.
Statistical Testing Algorithm
Testing of the first secondary endpoint (frequency of PEs at Week 48) was performed
only if the primary endpoint of time to first PE at Week 48 was statistically significant at
a 2-sided, 0.05 level. If the frequency of exacerbations secondary endpoint was
significant at a p-value ≤0.05, then a Holm-Bonferroni step-down procedure was used to
test the number of severe PEs and QoL-B Respiratory Symptoms Scale secondary
endpoints.
Pooling of secondary endpoint data from both trials was to be conducted only if each trial
individually achieved a p-value ≤0.05 on the primary efficacy endpoint of time to first PE
by Week 48. Otherwise, no pooling was performed.
Re-Assessment of Outcomes
Following database lock and unblinding of treatment assignment, the Applicant
performed additional data assessments due to errors identified in the programming/data
entry that impacted identification of PEs. This led to changes in the final numbers of PEs.
Based on discussion the Applicant had with the PEBAC Chair, it was decided that 10 PEs
initially adjudicated by the PEBAC were to be re-adjudicated by the PEBAC using
complete and final subject-level information. This led to a re-adjudication by the PEBAC
who were blinded to subject ID, site ID, and treatment. Result(s) of prior adjudication
were not provided to the PEBAC.
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Efficacy results presented in Section 7.3 reflect the revised numbers. Further details
regarding the reassessment by the PEBAC are discussed in Section 7.3.6.

7.3 Efficacy Findings
7.3.1 Primary Analysis of Time to First PE
In ORBIT-3, 59% and 57% of Cipro and placebo treated patients in the FA population
experienced at least one PE by Week 48 with a difference in median times (CiproPlacebo) of 78 days. The overall hazard ratio (Cipro/placebo) in the unweighted,
stratified model including prior PEs and sex was 0.99 yielding a 95% CI (0.71, 1.38),
p=0.974 suggesting no overall difference between arms (Table 3). Results from an
unweighted, un-stratified model and the modeling including the prior PE stratum used in
the randomization were similar. In the per-protocol subset comprising only 77% of the
FA population, the proportion of patients with at least one PE was 57% and 62% in the
Cipro and placebo groups, respectively resulting in a HR of 0.88, 95% CI (0.61, 1.26)
indicating no difference between treatment arms in this subset of patients who completed
the trial without major protocol violations (results not shown in table).
In ORBIT-4, fewer patients in the Cipro arm (55%) suffered a PE by Week 48 compared
to the placebo arm (65%). The overall difference in median time to first PE was 72 days
with a HR of 0.71, 95% CI ranging from 0.52 to 0.97, p-value of 0.032 (Table 3). These
results suggest an overall increase in time to first PE in the Cipro arm compared to the
placebo arm. When including the prior PE stratum using the randomization levels, the
estimate of hazard was similar to that when using the 2-level prior PE stratum with a
slightly larger p-value= 0.043. Results of a sensitivity analysis when excluding baseline
strata resemble the primary findings. In the subset of per protocol population (81% of the
ITT) the hazard ratio was 0.78, 95% CI (0.55, 1.11), p-value of 0.161 in ORBIT-4
(results not shown in table). When including all protocol-specified strata of smoking,
prior PEs and sex, the overall results do not change greatly in either trial.
The difference in the proportion of patients having at least one PE was 2.17% and -9.97%
(Cipro-placebo) in ORBIT-3 and ORBIT-4, respectively.
The Kaplan-Meier curves for primary efficacy analysis of time to first PE are provided in
Figure 2.
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Table 3: Time to First PE at Week 48 (Primary Endpoint)
ORBIT-3
FA Population
Strata: Prior PEs (2-3, ≥4) and Sex
Patients experiencing ≥ 1 PE
Diff (Cipro-Placebo)
Median time to first PE
HR

ORBIT-4

Cipro DI
(n=183)

Placebo
(n=95)

Cipro DI
(n=206)

Placebo
(n=98)

108 (59%)

54 (56.8%)

114 (55.3%)

64
(65.3%)

2.17%
214
136
0.99 [0.71, 1.38]

Log-rank p-value
0.974
Strata: Prior PEs# (2-3, 4-7, >7), Sex (sensitivity)
HR
0.98 [0.70, 1.37]
Log-rank p-value
0.915
Non-Stratified (sensitivity)
HR
0.98 [0.71, 1.37]
Log-rank p-value
#Prior PE based on randomization categories

-9.97%
230
158
0.71 [0.52, 0.97]
0.032
0.72 [0.53, 0.99]
0.043

0.944

0.70 [0.51, 0.95]
0.022

Figure 2: Kaplan-Meier Plots (PE-Free Survival)
ORBIT-3

ORBIT-4

Early Censored Patients
In ORBIT-3, 21 (11.5%) and 12 (12.6%) patients, Cipro and placebo, respectively
prematurely withdrew from the trial prior to experiencing a PE. The mean (sd) [range]
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time to premature withdrawal was similar between arms: 128.4 (96.7) [7-337] Cipro and
118.5 (97.6) [12-304] placebo. Median times were 84 and 88 days, in Cipro and placebo
respectively.
In ORBIT-4, 11 (5.3%) and 7 (7.1%) patients, Cipro and placebo, respectively
prematurely withdrew from the trial prior to experiencing a PE. The mean (sd) [range]
time to premature withdrawal was similar between arms: 180.4 (90.3) [54-339] Cipro and
111.6 (101.3) [15-259] placebo. Median times were 151 and 56 days, in Cipro and
placebo respectively.

7.3.2 Secondary Analysis of Frequency of Exacerbations
ORBIT-3
Since the ORBIT-3 trial failed to demonstrate a statistically significant difference
between treatment arms in time to first PE, the frequency of PEs secondary endpoint was
assessed for exploratory purposes only. Given that the endpoint for NCFB remains
unclear, assessing the consistency across a variety of endpoints is important when
evaluating the level of evidence gleaned from a trial.
In ORBIT-3 the mean number of PEs by Week 48 was 1.09 and 1.30 in the Cipro and
placebo arms, respectively, resulting in an estimated incidence rate ratio of 0.852 (Table
4). These results suggest a 14.8% (100% (1-0.852)) reduction in frequency of PEs in the
Cipro arm compared to placebo, with a 95% CI ranging from -12.3% to 35.3% around the
reduction in frequency, when stratifying on prior PEs and sex. Given that the CI contains
1, one can conclude that there is no statistically significant difference between groups in
frequency of PEs. When including the third randomization factor of smoking status, the
IRR is unchanged. The estimated IRR when omitting all baseline strata is 0.845 (0.641,
1.11), consistent with the findings including strata suggesting no difference between
treatment arms in the frequency of PEs by Week 48.
When analyzing total PEs and severe PEs based on investigator-assessment only as
exploratory analyses, the results do not differ from the analysis of total PEs when
including adjudicated events. Overall, ORBIT-3 failed to demonstrate a difference
between treatment arms on the frequency of PEs by Week 48 secondary endpoint
regardless of how the frequency endpoint was assessed or by severity.
ORBIT-4
The mean number of PEs at Week 48 was 0.98 and 1.47 in the Cipro and placebo arms,
respectively with an incidence rate ratio of 0.631 suggesting a 36.9% (100% (1-0.631))
reduction with a 95% CI ranging from 17.9% to 51.5%, p-value=0.0006 suggesting a
statistically significant decrease in the frequency of PEs by Week 48 in the Cipro arm
versus placebo, when stratifying by sex and prior PEs (Table 4). The 48-week difference
of 0.5 PEs (1.47 - 0.98) can be interpreted as a reduction in one PE every two years, when
assuming a constant risk over time. The IRR is unchanged when including the third prespecified stratum of smoking status. Finally, the model including investigator-assessed
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total PEs was commensurate with the main analyses of this endpoint. Overall, these
results suggest an overall decrease in the frequency of PEs by Week 48 favoring
ciprofloxacin.
The hierarchical testing approach in the SAP allowed testing of the first secondary
endpoint only if the p-value for the primary endpoint comparison was 0.05 or less. Since
this was the case in ORBIT-4, testing was performed yielding a p-value of 0.0006 thereby
allowing testing of the frequency of severe PEs endpoint, which yielded a p-value of
0.003. Note that these endpoints are highly correlated.
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As previously discussed, rates of premature discontinuation from the trial were higher in
the Cipro arm compared to placebo in ORBIT-3 with the opposite pattern shown in
ORBIT-4. Time to premature discontinuation was also slightly faster in the placebo arm
in ORBIT-4 compared to Cipro although not statistically significantly different.

7.3.3 Other Secondary Analyses
QOL-B
The third secondary endpoint of change in QoL-B Respiratory Symptoms scale score
from Baseline to Week 48 (Visit 14) analyzed using a mixed effects model to account for
the repeated assessments for each patient over the course of the trial are outlined in the
following table. These findings are for the symptom scale score with sputum color
change. An increase in change from baseline in the QoL-B Scale Score is associated with
improved health-related quality of life. Overall, these results suggest no difference
between treatment arms in either trial in change in QoL-B Scale score over the doubleblind period (Table 5). Note that the findings are similar with assessing change in score
without sputum color change.
Table 5: Change in QoL-B Scale Score (Secondary Endpoint)
ORBIT-3
FA Population
N
Mean Score
LS Mean (SE)*
Difference (sd)
95% CI
p-value

ORBIT-4

Cipro DI
(n=183)

Placebo
(n=95)

Cipro DI
(n=206)

Placebo
(n=98)

142

77

183

82

57.22 (19.86)

58.85 (16.80)

64.47 (19.86)

63.88 (19.67)

2.09

3.71

-1.62 (2.06)
[-5.64, 2.43]
0.43

7.71 (1.21)
6.86 (1.69)
0.84 (1.95)
[-1.59, 6.04]
0.66

*Model includes treatment and visit and treatment by visit fixed effects, subject as the random effect
and covariates of baseline value, sex and prior PEs
Results include questionnaire question on sputum color

Findings of the ANCOVA models (including baseline covariate) assessing change from
baseline in QoL-B at Week 48 (Visit 14) only (non-repeated measures) results in a pvalues of 0.403 (ORBIT-3) and p=0.752 (ORBIT-4) for the effect of treatment.
Spirometry measurements for efficacy
At Week 48, the mean (sd) change (Cipro-Placebo) from baseline in FEV 1 % predicted
was 1.74 (1.90) and 0.66 (1.68) in ORBIT-3 and ORBIT-4, respectively with neither
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reaching statistical nor clinical significance. Similar results were shown for the FVC %
change from baseline at Week 48 measure (Table 6).
Overall, there is no evidence of improved pulmonary function associated with Cipro
compared to placebo.

Table 6: Change in FEV 1 % and FVC % Predicted at Week 48
Full Analysis
Population

Cipro DI
(n=183)

ORBIT-3
Placebo Difference
(n=95)
(CiproPlacebo)
[95% CI]

ORBIT-4
Placebo
Difference
(n=95)
(CiproPlacebo)

pvalue^

Cipro DI
(n=183)

-

192
62.78
(21.98)

97
59.60
(20.76)

-

163
-2.05
(12.46)

77
-2.67
(11.40)

-

pvalue^

FEV 1 % Predicted
Baseline
N
181
Mean (sd)
57.1
(21.9)

89
57.4
(20.4)

-

% Change at Week 48
N
133
Mean (sd)
-1.48
(13.4)

70
-3.52
(11.78)

-

-4.65
(1.63)

1.74 (1.90)
[-2.02,
5.48]

0.36

-0.75
(1.11)

-1.41
(1.50)

0.66 (1.68)
[-2.64, 3.96]

0.69

70
70.99
(2.15)

-

-

192
74.59
(19.25)

97
73.90
(18.89)

-

-

163
-0.91
(1.80)

77
-1.80
(13.07)

-0.27
(1.13)

-1.10
(1.52)

0.83 (1.70)
[-2.52, 4.18]

0.63

LS Mean (sd)

-2.92
(1.27)

FVC % Predicted
Baseline
N
133
Mean (sd)
71 (1.56)

%Change at Week 48
N
133
Mean (sd)
-0.05
(0.02)
LS Mean (sd)

-1.69
(1.27)

70
-0.08
(0.03)
-3.52
(1.64)

1.83 (1.90)
[-1.93, 5.59]

0.34

-
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7.3.4 Additional Sensitivity Analyses
In ORBIT-3 and ORBIT-4, the proportion of patients receiving macrolide treatment at
baseline in the Cipro and placebo arms was 23.5% and 13.7% and 16.5% and 24.5%,
respectively. Therefore, a sensitivity analysis was performed including baseline
macrolide use in the model to assess if the slight imbalances between arms might help
explain differences in efficacy found between the two trials. Findings of this analysis
suggest that overall there is a slight decrease in the hazard ratio in ORBIT-3 and a slight
increase in ORBIT-4 when including baseline macrolide use; however, the overall results
resemble the primary efficacy analyses (Table 7). Similarly, the overall results remain
unchanged when including baseline macrolide use as a factor in the model of the analysis
of frequency of PEs at Week 48 (Table 8). Therefore, the discordant efficacy findings
between ORBIT-3 and ORBIT-4 do not appear to be associated with numerical
imbalances between treatment arms in baseline macrolide use.
Table 7: Time to First PE by Week 48 (Sensitivity Analysis Including BL Macrolide
Use)
FA Population

ORBIT-3
Cipro DI
Placebo
(n=183)
(n=95)

Cipro DI
(n=206)

ORBIT-4
Placebo
(n=98)

Strata: Prior PEs, Sex, Baseline Macrolide Use
HR
Log-rank p-value

0.93 (0.66, 1.30)

0.74 (0.54, 1.01)

0.731

0.057
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Table 8: Frequency of PEs by Week 48 (Sensitivity Analysis Including BL
Macrolide Use)
ORBIT-3
FA Population

Cipro DI
(n=183)
Strata: Sex, Prior PEs, BL Macrolide

ORBIT-4
Placebo
(n=95)

Cipro DI
(n=206)

Placebo
(n=98)

IRR (95% CI)
0.83 (0.63, 1.09)
0.66 (0.51, 0.86)
p-value for IRR
0.173
0.002
IRR=Incidence Rate Ratio estimated using a negative binomial regression model on total PEs including log
(week) as an offset variable

Applicant’s Additional Analyses Including Use of Anti-Pseudomonal Medication
Post-Randomization
The Applicant performed additional analyses of the time to PE and frequency of PE
endpoints including a post-randomization factor defined as inappropriate use of antipseudomonal medications prior to a PE (dichotomized as yes or no). The issue with
including this post-randomization factor is that it could have been affected by treatment
either directly or via association with another factor. Therefore, adjustment for this postrandomization factor can either hide or exaggerate the treatment effect.

7.3.5 Efficacy Findings by Subgroups (Age, Sex, Region, Prior PEs and
Baseline Macrolide Use)
ORBIT-3
There were no findings of a subgroup effect or interaction by sex, age, number of prior
PEs before randomization (2-3 versus 4 or more), region or receiving macrolide therapy
at baseline for time to first PE (Figure 5).
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Figure 5: Time to First PE by Subgroup, ORBIT-3

Figure Footnote: Subgroup analyses by age, macrolide use, FEV and region adjusted for sex and prior PEs;
subgroup analysis by sex adjusted by prior PEs, subgroup analysis by prior PEs adjusted for sex

ORBIT-4
Overall, results were consistent by subgroups favoring Cipro over placebo except in the
subgroup analyses by baseline macrolide use (Figure 6). Specifically, while there is no
suggestion of an interaction, the treatment effect of Cipro appears to be stronger among
patients receiving macrolide treatment at baseline (HR=0.40) compared to the effect in
the subgroup of patients not receiving a macrolide at baseline (HR=0.90). Use of a
macrolide at baseline might be associated with disease severity, which was unfortunately
not collected or reported in this trial. Note that none of the subgroup analyses were
powered to detect a statistically significant difference between treatment arms.
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Figure 6: Time to First PE by Subgroup, ORBIT-4

Figure Footnote: Subgroup analyses by age, macrolide use, FEV and region adjusted for sex and prior PEs;
subgroup analysis by sex adjusted by prior PEs, subgroup analysis by prior PEs adjusted for sex

7.3.6 Primary Endpoint Changes after Database Lock and Un-Blinding
Following database lock and treatment assignment un-blinding, the Applicant performed
additional data assessments leading to changes in the final numbers of PEs. Specifically,
per the Applicant, during a review of the ORBIT-3 and ORBIT-4 data occurring after
database locking and data un-blinding (for persons involved in the data maintenance and
analyses), ‘personnel identified errors in the programming done by Accenture Inc. (data
analysis contract research organization (CRO)) and one data entry error that impacted
identification of PEs. Because of the programming errors, the Applicant states that they
chose to conduct a ‘comprehensive audit of all electronic Case Report Forms (eCRFs)
entries for signs, symptoms or laboratory abnormalities as entered in the PE
worksheets for all patients in ARD-3150-1201 and ARD-3150-1202’ (ORBIT-3 and
ORBIT-4). From this audit, the Applicant notes ‘that no further programming errors’
were identified but instead 10 PE events (three from ORBIT-4 and seven from ORBIT-3)
were found for which the PE assessment by the PEBAC was considered potentially
incorrect. This was based on the premise that subject-level data provided to the PEBAC
during the original PE adjudication were updated at the time of the database lock.
Reasons provided are: 1) the clinical site provided update information to the eCRF after
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the initial PEBAC review (2 PEs), 2) incorrect information was supplied to the PEBAC
during initial adjudication process (2 PEs), 3) inconsistency between visit dates and
reported signs and symptoms (6 PEs). After discussion with the PEBAC Chair, it was
decided that these 10 PEs initially deemed PEs by the PEBAC were to be re-assessed by
the PEBAC using complete and final subject-level information. This led to a readjudication by the PEBAC during a closed session on January 25, 2017. This readjudication was coordinated by Synteract (Applicant’s CRO) who provided data to the
PEBAC that were blinded to subject ID, site ID, and treatment. In addition, result(s) of
prior adjudication were not provided. While the PEBAC was provided with subject
profiles for other relevant study visits, the PEBAC focus was only on the selected visits
for which data were updated or corrected.
Because of the identified programming errors and PEBAC re-adjudication, there were
two new first PEs added to the Cipro arm in ORBIT-3 and two new first PEs added to the
placebo arm in ORBIT-4. Given these changes, the log-rank p-value in ORBIT-4 changed
from 0.058 to 0.032 (when including sex and prior PEs strata). The p-value in ORBIT-3
changed from 0.826 to 0.974 remaining insignificant. These changes are summarized in
Table 9. Note that there were no overall changes in the results of the secondary endpoints
analyses from changes in PE status described above.
Table 9: Pre-and Post Re-Adjudication Changes in Primary Endpoint
Trial
ORBIT-3

Endpoint
Patients with ≥ 1 PE
P-value (Time to 1st PE)^

ORBIT-4

Patients with ≥ 1 PE
P-value (Time to 1st PE)^

Original data
106 (C), 54 (PC)

Updated data
108 (C), 54 (PC)

0.826

0.974

114 (C), 62 (PC)

114 (C), 64 (PC)

0.058

0.032

C=ciprofloxacin DI arm; PC=placebo arm
Models include prior PEs (2-3 vs. ≥4) and sex as stratification factors , ^Time to first PE log rank test

7.4 Efficacy Summary
In ORBIT-3, for the primary endpoint of time to first PE, the overall hazard ratio
(Cipro/placebo) in the unweighted, stratified model including prior PEs and sex was 0.99
yielding a 95% CI (0.71, 1.38) suggesting no difference between arms. Additionally,
secondary analyses including frequency of PEs by Week 48, change in QoL-B, and FEV 1
failed to demonstrate any effect of Cipro over placebo.
In ORBIT-4, a treatment effect was observed in time to first PE with a hazard ratio of
0.71, 95% CI (0.52 to 0.97). Additionally, the mean number of PEs at Week 48
(secondary endpoint) was 0.98 and 1.47 in the Cipro and placebo arms, respectively with
an incidence rate ratio of 0.631 suggesting a 36.9% reduction with a 95% CI ranging
from 17.9% to 51.5%. Similar results were seen when considering severe PEs and PEs.
These findings suggest an overall decrease in the 48-week frequency of PEs. No
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differences were observed between treatment arms on FEV 1 or the change in QoL-B
endpoints.
Reasons for the discordance in efficacy findings between trials cannot be explained based
on the information collected in the two trials. However, neither trial collected information
on patient history of disease prior to screening, on the underlying etiology of
bronchiectasis, or number of affected lobes, which are all factors that might have aided in
better understanding if differences in baseline disease severity existed between trial
populations. Given the changes post-data base lock and unblinding, the potential for bias
in the findings cannot be excluded.
Regarding the design of the Phase 3 trials, and based on current understanding of the
disease under study, we note that time to first exacerbation has limitations since it is
unclear that delaying the time to first exacerbation on study therapy compared to placebo
over approximately one year of observation, translates into a clinically meaningful
benefit for a patient population that would most likely be on this therapy for long
durations. The frequency of PEs endpoint captures all PEs during the trial; however,
modeling of this endpoint does not fully capture the at-risk intervals for each patient as it
does not account for duration of exacerbation. Additionally, we note the trial to trial
heterogeneity in efficacy which cannot be explained, and the magnitude of the treatment
effect, which even if statistically significant is small.
Finally, the duration of the Phase 3 trials may not have been long enough to adequately
assess whether Cipro DI reduces the frequency of exacerbations to a clinically
meaningful extent and whether such an effect would be durable beyond approximately
one year. Tied to the question of whether the trials were of adequate duration to assess
efficacy, there is also uncertainty as to whether a longer duration of exposure to Cipro DI,
as would be expected in clinical practice (likely lifelong after starting therapy), would
result in additional safety issues and bacterial resistance leading to erosion of efficacy
over time.
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Evaluation of Safety
8.1 Safety Summary

The clinical trials conducted with the to-be-marketed product include a Phase 2 trial,
ORBIT-2, and two Phase 3 trials, ORBIT-3 and ORBIT-4. These trials randomized a total
of 624 patients with 409 receiving at least one dose of Cipro DI. The safety evaluation of
Cipro DI is primarily based on the results of the Phase 3 trials, in which 582 patients were
randomized in a 2:1 ratio to study drug vs. placebo; 389 patients received at least one dose
of Cipro DI. In ORBIT-2, 20 patients received Cipro DI and 22 received placebo.
The development program of Cipro DI also included two Phase 1 trials and a Phase 2 trial
with an earlier formulation of the drug product. Safety data from these trials are not
included in the briefing document.
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A summary of the TEAEs reported in ORBIT-3 and ORBIT-4 is provided in Table 10.

Table 10: Summary of Treatment-Emergent Adverse Events
ORBIT-3

ORBIT-4

All

Cipro DI
(N=183)

Placebo
(N=95)

Cipro DI
(N=206)

Placebo
(N=98)

Cipro DI
(N=389)

Placebo
(N=193)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Patients with any
TEAE

164 (89.6)

87 (91.6)

179 (86.9)

95 (96.9)

343 (88.2) 182 (94.3)

Patients with
severe TEAE

46 (25.1)

20 (21.1)

39 (18.9)

27 (27.6)

85 (21.9)

47 (24.4)

Patients with any
treatment
emergent SAE

56 (30.6)

24 (25.6)

35 (17.0)

28 (28.6)

91 (23.4)

52 (26.9)

Patients with any
TEAE leading to
death

5 (2.7)

3 (3.2)

1 (0.5)

2 (2.0)

6 (1.5)

5 (2.6)

Patients with any
TEAE leading to
permanent study
drug
discontinuation

24 (13.1)

9 (9.5)

10 (4.9)

7 (7.1)

34 (8.7)

16 (8.3)

8.2 Study Drug Discontinuations due to Adverse Events
A higher proportion of patients in the treatment arm of ORBIT-3 had AEs leading to
study drug discontinuation as compared to the placebo arm (13.1% and 9.5%,
respectively). In ORBIT-4, the proportion of patients with AEs leading to study drug
discontinuation was higher in the placebo arm (7.1%) as compared to the treatment arm
(4.9%).
In the pooled trials, the AEs leading to discontinuation were comparable between
treatment arms (8.7% and 8.3% in the treatment arms and placebo arms, respectively).
The most frequent TEAEs leading to drug discontinuation in the pooled trials were
dyspnea, bronchospasm, and cough.
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8.3 Deaths
A total of 15 deaths were observed in the pooled studies, 7 (1.8%) in the Cipro arms, 7
(3.6%) in the placebo arms, and 1 in a non-randomized subject who died during the
screening phase. Most of the adverse events leading to death were in the Respiratory,
Thoracic and Mediastinal Disorders SOC (64%). There were more deaths in ORBIT-3, 8
(3.2%), 5 in the Cipro and 3 in placebo arm, than in ORBIT-4, 6 (2%), 2 in the Cipro and
4 in placebo arm. A summary of deaths is presented in Table 11.
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Table 11: Deaths in ORBIT-3 and ORBIT-4
Deaths in the Cipro DI Arm
Subject ID
Study
Age (years)
Sex/Race

04-1156-006

ORBIT-4

63/M/W

Bronchopneumonia

22

Days since
the last
dose of
Study Drug
2

04-1351-005

ORBIT-4

73/M/W

Sudden death

372

19

03-0017-001

ORBIT-3

80/F/W

Thalamus hemorrhage

174

146

03-0017-002

ORBIT-3

74/M/W

Loss of consciousness

247

3

03-0032-002

ORBIT-3

69/F/African
American

Cardiac arrest/ Unresponsive
to stimuli

84

6

03-1113-001

ORBIT-3

75/F/W

Respiratory failure

72

68

03-1603-003

ORBIT-3

67/F/Asian

Pneumonia

60

43

Respiratory failure

152

12

Deaths in the Placebo Arm
04-1552-001 ORBIT-4 73/M/W

MedDRA Preferred Term

Study
Day

04-1553-004

ORBIT-4

64/M/W

Chronic respiratory failure

6

3

04-2351-002

ORBIT-4

45/F/American
Indian or Alaska
native

Respiratory insufficiency

112

85

04-2351-013

ORBIT-4

48/M/American
Indian or Alaska
native

Disease for which subject
received study treatment

140

76

03-1106-005

ORBIT-3

79/M/W

Pancreatic carcinoma

238

42

03-1605-009

ORBIT-3

64/F/W

Pneumonia

374

181

03-2003-003

ORBIT-3

50/F/Asian

Asphyxia

11

0

Scr

N/A

Fatal AEs before drug exposure (screen failure)
03-0401-001 ORBIT-3 72/M/W
Cor pulmonale

Source: ISS table 3.2.8, modified with data from Listings 16.2.7.5 from ORBIT-3 and ORBIT-4, respectively

8.4 Serious Adverse Events
Serious adverse events (SAEs) were mainly manifestations of the underlying disease and,
in general, reflected hospitalization events and serious events mostly associated with
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pulmonary exacerbations that required intravenous antimicrobial treatment. Most of the
SAEs were from the Respiratory, Thoracic and Mediastinal Disorders SOC. In the pooled
studies, 46/389 (11.8%) and 27/193 (14%) of patients in the treatment and placebo arm,
respectively, had SAEs in the Respiratory, Thoracic and Mediastinal Disorders SOC. The
most commonly reported SAEs were dyspnea, pneumonia, respiratory failure, and
hemoptysis. In Table 12, the frequencies of selected SAEs occurring in 2 or more patients
are presented, with some collapsing of similar terms.
A higher proportion of patients with SAEs was observed in ORBIT-3 (28.8%) than in
ORBIT-4 (20.7%). In ORBIT-3, the most frequent SAEs were hemoptysis and
pneumonia. The incidence of hemoptysis was higher in the treatment arm (3.8%) than in
the placebo arm (1.1%). The incidence of pneumonia was higher in the placebo arm
(7.3%) than in the treatment arm (3.8%). In ORBIT-4, the most frequent SAE was
pneumonia, reported in 3.9% of patients in the treatment arm and in no patients in the
placebo arm.
Table 12: Selected SAEs Occurring in Two or More Patients in the Phase 3 Program
Adverse Event

ORBIT-3
Treatment
Placebo
N=183
N=95
11 (6.0)
8 (8.4)
7 (3.8)
7 (7.3)
4 (2.2)
0

ORBIT-4
Treatment
Placebo
N=206
N=98
6 (2.9)
5 (5.1)
8 (3.9)
0
6 (2.9)
4 (4.1)

Pooled Studies N=582
Treatment
Placebo
N=389
N=193
17 (4.4)
13 (6.7)
15 (3.9)
7 (3.6)
10 (2.6)
4 (2.1)

Dyspnea
Pneumonia*
Respiratory
failure*
Hemoptysis
7 (3.8)
1 (1.1)
2 (1)
1 (1)
9 (2.3)
2 (1.0)
Bronchospasm*
4 (1.6)
2 (0.7)
3 (1.5)
1 (1)
7 (1.8)
3 (1.6)
Cough
5 (2.7)
1 (1.1)
1 (0.5)
1 (1)
6 (1.5)
2 (1.0)
Sputum increased
1 (0.5)
4 (4.2)
1 (0.5)
2 (2)
2 (0.5)
6 (3.1)
Pyrexia
1 (0.5)
3 (3.2)
2 (1)
2 (2)
3 (0.8)
5 (2.6)
Lower respiratory
2 (1.1)
5 (5.3)
0
0
2 (0.5)
5 (2.6)
tract infection
Infective
0
0
2 (1)
2 (2)
2 (0.5)
2 (1.0)
exacerbation of
chronic
obstructive
airways disease*
Sputum purulent
1 (0.5)
1 (1.1)
1 (0.5)
2 (2)
2 (0.5)
3 (1.6)
Atrial fibrillation
1 (0.5)
2 (2.1)
0
0
1 (0.3)
2 (1.0)
Hypoxia
2 (1.1)
0
0
0
2 (0.5)
0
Bronchitis
0
0
1 (0.5)
1 (1)
1 (0.3)
1 (1.0)
Bronchial
0
0
1 (0.5)
1 (1)
1 (0.3)
1 (1.0)
secretion retention
* Pneumonia includes "pneumonia bacterial," "pneumonia viral," and one patient with “RSV infection”
(who also had bacterial pneumonia); Bronchospasm includes "bronchospasm," "asthma," and "wheezing";
Infective exacerbation of chronic obstructive airways disease includes "chronic obstructive pulmonary
disease" and "infectious exacerbation of chronic obstructive pulmonary disease;" Respiratory failure
includes “respiratory failure” and “acute respiratory failure"
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8.5 Treatment-Emergent Adverse Events (TEAEs)
Table 13 presents selected TEAEs. Overall, the rates of TEAEs were balanced across the
treatment and placebo arms.
Table 13: Selected TEAEs in ORBIT-3 and ORBIT-4 Trials
Preferred Term
Cough
Dyspnea
Wheezing
Fatigue
Forced expiratory
volume decreased
Exercise tolerance
decreased
Forced vital
capacity decreased
Hemoptysis
Dysgeusia
Arthralgia
Pneumonia

ORBIT-3
Cipro DI
Placebo
N=183
N=95
114 (62.3)
55 (57.9)
104 (56.8)
48 (50.5)
69 (37.7)
35 (36.8)
71 (38.8)
40 (42.1)
62 (33.9)
19 (20.0)

ORBIT-4
Cipro DI
Placebo
N=206
N=98
137 (66.5)
71 (72.4)
107 (51.9)
55 (56.1)
84 (40.8)
49 (50.0)
71 (34.5)
49 (50.0)
70 (34.0)
33 (33.7)

Pooled Studies N=582
Cipro DI
Placebo
N=389
N=193
251 (64.5)
126 (65.3)
211 (54.2)
103 (53.4)
153 (39.3)
84 (43.5)
142 (36.5)
89 (46.1)
132 (33.9)
52 (26.9)

44 (24.0)

22 (23.2)

54 (26.2)

33 (33.7)

98 (25.2)

55 (28.5)

37 (20.2)

14 (14.7)

48 (23.3)

24 (24.5)

85 (21.9)

38 (19.7)

31 (16.9)
19 (10.4)
10 (5.5)
12 (6.6)

9 (9.5)
6 (6.3)
4 (4.2)
7 (7.4)

27 (13.1)
13 (6.3)
13 (6.3)
8 (3.9)

18 (18.4)
7 (7.1)
5 (5.1)
0

58 (14.9)
32 (8.2)
23 (5.9)
20 (5.1)

27 (14.0)
13 (6.7)
9 (4.7)
7 (3.6)

No clinically meaningful changes from baseline were detected in chemistry, hematology,
or urinalysis parameters, except for an increased rate of anemia in the treatment arm
(2.7% vs 1.1%).
Spirometry measurements performed before and after treatment at Visits 1 and 8 showed a
higher proportion of patients in the treatment arm who had decreases in FEV 1 % predicted
of 15% or greater at any timepoint (8.6% vs 5.9% of patients at Visit 1 in the pooled
treatment and placebo arms, respectively, and 5.8% and 2.6% of patients at Visit 8 in the
pooled treatment and placebo arms, respectively).

8.6 Development of Resistance
The most frequent pathogen isolated in sputum at baseline in ORBIT 3 and 4 was
P. aeruginosa. Data on susceptibility testing was restricted to P. aeruginosa; and was not
performed on S. aureus, M. catarrhalis, H. influenzae or the Enterobacteriaceae.
Genotype assays to detect resistance acquired on therapy were not conducted.
Changes in susceptibility to ciprofloxacin after exposure to inhaled ciprofloxacin were
evaluated. Resistance to ciprofloxacin in P. aeruginosa is defined as an MIC ≥ 4mcg/mL.
At baseline, the total number of ciprofloxacin resistant P. aeruginosa isolates in the
ciprofloxacin arm was reported as 21% and 15% for ORBIT-3 and -4, respectively (Table
14). This percentage increased by the end of the trial with 43% and 46% resistant by the

37

end of the 6th on-cycle (Visit 13) in ORBIT-3 and -4, respectively. The percentages of
resistant isolates remained more constant in the placebo arm.
Table 14: Percentage of Isolates by MIC Category (ORBIT-3 and -4)
Visit #

Cipro DI %

Placebo %

Susceptible
≤0.25 -1
mcg/mL

Intermediate
2
mcg/mL

Resistant
≥ 4 mcg/mL

Susceptible
≤0.25 -1
mcg/mL

Intermediate
2 mcg/mL

Resistant ≥ 4
mcg/mL

64.6
47.8
33.9
47.7

14.1
18.7
22.9
20.8

21.2
33.6
43.1
31.5

69.6
63.7
72.7
74.7

12.7
10.3
16.7
12.7

17.7
25.9
10.6
12.7

10.5
19.3
20.0
13.7

15.2
32.1
46.1
33.1

71.5
69.1
79.7
68.5

9.8
16.0
5.1
16.4

18.7
14.8
15.2
15.1

ORBIT 3
1
12
13
14
ORBIT 4
1
12
13
14

74.3
48.6
33.9
53.2

Visit 1: Baseline; Visit 12: Start of 6th Treatment cycle; Visit 13: End of 6th Treatment cycle; Visit 14: End of 6th off-cycle

In ORBIT 3, 91 patients in the treatment arm and 56 patients in the placebo arm had
baseline isolates with a ciprofloxacin MIC ≤ 1 mcg/mL. In the treatment arm, 45/91
(49.5%) patients had a ciprofloxacin MIC ≥ 4 mcg/mL at a subsequent visit. In the
placebo arm, 15/56 (26.8%) patients had a ciprofloxacin MIC ≥ 4 mcg/mL at any
subsequent visit.
In ORBIT 4, 122 patients in the treatment arm and 57 patients in the placebo group had
isolates with a ciprofloxacin MIC ≤ 1 mcg/mL at baseline. In the Cipro arm, 73/122
(59.8%) patients had a ciprofloxacin MIC ≥ 4 mcg/mL at a subsequent visit. In the
placebo arm, 25/57 (43.9%) patients had a ciprofloxacin MIC ≥ 4 mcg/mL at a
subsequent visit.
Risks beyond 48- weeks, especially new infections due to the emergence of resistant
pathogens caused by repeated exposure to ciprofloxacin, are unknown, given the trend in
increase of ciprofloxacin MICs in P. aeruginosa isolates observed in the treatment arm as
compared to placebo over the study period.

9

Points for Advisory Committee Discussion
Has the applicant provided substantial evidence of the safety and effectiveness of the
28-day Cipro DI regimen in delaying the time to first exacerbation after starting
treatment?
• If yes, please provide any recommendations concerning labeling.
• If no, what additional studies/analyses are needed? Please discuss appropriate
endpoints, drug regimens, and trial duration.
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