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ABSTRACT: This international phase III study of inhaled dry powder mannitol was a randomised,

double-blind, 26-week study, followed by a further 26-week, open-label (OL) extension. 324 cystic

fibrosis (CF) patients were randomised, in a 3:2 ratio, to mannitol (400 mg b.i.d.) and control

groups. The primary efficacy end-point was to determine the change in forced expiratory volume

in 1 s (FEV1) over the double-blind phase. Secondary end-points included changes in forced vital

capacity and pulmonary exacerbations.

A significant improvement in FEV1 was seen over 26 weeks (p,0.001) and was apparent by

6 weeks, irrespective of concomitant recombinant human deoxyribonuclease (rhDNase) use. At

26 weeks, there was a significant improvement in FEV1 of 92.9 mL for subjects receiving mannitol

compared with controls (change from baseline 118.9 mL (6.5%) versus 26.0 mL (2.4%); p,0.001).

Improvements in FEV1 were maintained up to 52 weeks in the OL part of the study. There was a

35.4% reduction in the incidence of having an exacerbation on mannitol (p50.045).

The incidence of adverse events (AEs) was similar in both groups, although treatment-related

AEs were higher in the mannitol compared with the control group. The most common mannitol-

related AEs were cough, haemoptysis and pharyngolaryngeal pain.

Mannitol showed sustained, clinically meaningful benefit in airway function in CF, irrespective of

concomitant rhDNase use. Mannitol appears to have an acceptable safety profile for patients with CF.

KEYWORDS: Airway mucociliary clearance, clinical study, cystic fibrosis, dry powder inhalers,

forced expiratory volume in 1 s, mannitol dry powder

C
ystic fibrosis (CF) is characterised by a
failure to control ion transport across the
epithelial cell membrane [1–3]. Several

hypotheses have been postulated regarding CF
pathogenesis and the underlying mechanism of
CF lung disease. The most widely recognised of
these is that in the lungs, there is a relative
dehydration and a reduction in volume of airway
surface liquid, which is associated with increased
mucus viscosity and impaired mucociliary clear-
ance [4–6]. This leads to retention of bacteria and
inhaled particles, resulting in chronic airway
infection and inflammation, airway damage and
respiratory failure [1, 3, 7]. Pulmonary disease is the
major cause of morbidity and mortality in CF, with
.90% of deaths being due to respiratory failure [7].
Pulmonary exacerbations (PEs) are an important
clinical feature of CF, as they have both acute and
chronic consequences and are the most common
reason for hospitalisation, and thus have major
influence on healthcare costs [8].

Because CF cannot yet be cured, the goals of
therapy are to slow disease progression, alleviate
symptoms and improve quality of life (QoL).

Improvement of airway hydration and mucus clea-
rance from the lung is a major therapeutic goal,
with the aim of maintaining/restoring respiratory
function [9, 10]. Mannitol is a sugar alcohol that is
currently used in medicine as an osmotic agent [11].

When inhaled, it creates an osmotic gradient that
is thought to facilitate movement of water into
the lumen of the airways, thereby increasing the
volume of airway surface liquid and improving
clearance of mucus [12, 13]. It is currently used as a
bronchial provocation agent in measuring airway
hyperresponsiveness [14, 15]. Inhaled mannitol
has been shown to benefit patients with bronchiec-
tasis and CF [16–19]. A phase II study demonstrated

that inhaled mannitol administered over 2 weeks
improved lung function in patients with CF [18]. A
dose-finding phase II study further demonstrated
that 400 mg b.i.d. inhaled mannitol provided an
optimal balance between efficacy, safety and ease of
administration [19]. The primary aim of this phase
III study was to determine the efficacy and safety of
inhaled dry powder mannitol over 26 weeks, with
further assessments at week 52 in the open-label

(OL) phase of the study.
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METHODS

Subjects
A total of 389 subjects with confirmed CF were enrolled from
sites in Australia, Ireland, New Zealand and the UK. Eligible
subjects were aged o6 yrs and had a baseline forced expiratory
volume in 1 s (FEV1) of o30 and ,90% predicted. Exclusion
criteria included failing a mannitol tolerance test (MTT) at
screening, concurrent use of hypertonic saline or b-blockers,
pregnancy or breastfeeding, and intolerance of b-agonists.
Subjects were permitted to continue using recombinant human
deoxyribonuclease (rhDNase) and other standard therapies.

Informed written consent was obtained from all participants
(or their parent or guardian). The study was conducted in
accordance with the Declaration of Helsinki and the protocol
was approved by the institutional review board or research
ethics committee at each study centre.

Study design
The first phase of the study was a multicentre, randomised,
controlled, parallel-arm, double-blind phase III clinical trial to
determine the efficacy and safety of inhaled dry powder
mannitol administered over 26 weeks to subjects with CF. This
was followed by an optional 26-week, OL extension of the
study during which all subjects received inhaled dry powder
mannitol.

Prior to randomisation, all subjects were screened for sig-
nificant airway hyperresponsiveness to mannitol. Following
pre-medication with a bronchodilator, the degree of broncho-
constriction after sequential administrations of incremental
doses of mannitol, up to a maximum dose of 395 mg, was
measured. A negative MTT, allowing inclusion in the study,
was defined as a ,20% fall in FEV1 from baseline (or a o20%
fall in FEV1 at the end of the test that had returned to ,20%
within 15 min) and arterial oxygen saturation measured by
pulse oximetry of o90% with mannitol, at a total cumulative
dose of 395 mg.

324 eligible subjects were randomised, using a 3:2 ratio, to a
400 mg inhaled dry powder mannitol b.i.d. group or matched
control group. Unlike the first phase II efficacy study, where a
nonrespirable dose of mannitol was given, this study used a
subtherapeutic (50 mg) dose of mannitol as the control [18, 19].
The choice of control for this study was based on the need to
maintain blinding, provide an appropriate comparator and
comply with scientific advice from regulatory agencies. Ran-
domisation was stratified according to concurrent rhDNase use.
Subjects took a dose of the short-acting bronchodilator salbuta-
mol (400 mg) 5–15 min before each dose of study medication.

Inhaled mannitol was supplied as 10 capsules (40 mg each)
together with an inhaler device (RS01 Monodose Inhaler
Model 7; Plastiape, Milan, Italy). Capsules were loaded into
the inhaler device, punctured, then mannitol inhaled in a deep,
controlled manner, followed by a 5-s breath hold. The process
was repeated until the contents of 10 capsules were inhaled.
The time taken to inhale from 10 capsules was usually 2–5 min.
The inhaler device was replaced after 1 week of use to
minimise the need for cleaning or disinfection.

As FEV1 is a recommended variable for assessing the efficacy
of CF therapies [9], change in FEV1 over 26 weeks was the

primary end-point selected for this trial. Secondary end-points
included: the percentage of responders (based on a 100 mL or
o5% relative change in FEV1, or o5% absolute change in FEV1

% pred) at 26 weeks; change in other lung function parameters
(forced vital capacity (FVC) and forced expiratory flow at 25–
75% of FVC (FEF25–75%)); protocol-defined PEs (PDPEs) and
clinically defined PEs (including exacerbations not meeting the
protocol-defined criteria); rescue antibiotic use (number of
agents, course and days of use); and QoL scores (using the age-
appropriate Cystic Fibrosis Questionnaire) [20]. The PDPEs
used the criteria of FUCHS et al. [21], i.e. they were exacerbations
in which subjects were treated with intravenous antibiotics for
four or more of the following signs or symptoms: change in
sputum production; dyspnoea; new or increased haemoptysis;
malaise, fatigue or lethargy; fever (o38uC); anorexia or weight
loss; sinus pain or tenderness; change in sinus discharge; FVC
or FEV1 decreased by o10% from previous recorded value;
radiographic signs indicative of pulmonary infection; increased
cough; or changes in physical examination of the chest.
Spirometry measurements were taken to coincide with trough
treatment effect of inhaled dry powder mannitol; subjects were
required to withhold study medication, long-acting b2-agonists
and combination inhaled corticosteroid/long-acting b2-agonists
for 12 h, and short-acting b2-agonists for 6 h prior to spirometry
assessment. The OL phase included patient follow-up visits at
38 and 52 weeks to assess lung function, sputum microbiology,
and review PEs and safety. Safety was assessed by tracking
the number and percentage of adverse events (AEs) as well
as monitoring for changes in haematology, liver and renal
function, and sputum pathogens. Safety and efficacy end-points
were examined in cohorts according to rhDNase use as well as
within the total cohort.

Treatment compliance was determined by counting returned
unused medication and empty blister packaging. The Cystic
Fibrosis Questionnaire Revised (CFQ-R) includes several
domains to assess QoL, which were analysed separately. An
increased score is associated with an improvement in that
domain. A difference of four or more points in the respiratory
domain is considered to be clinically meaningful [20, 22]. The
minimal clinically important differences of other domains have
yet to be established.

The study was 80% powered (two-tailed significance level of
4.98%; primary end-point) to detect a change in FEV1 from
baseline at week 26 of 70 mL in the total intention to treat (ITT)
cohort (consisting of all subjects who were randomised and
received at least one dose of study medication) and 85 mL (5%
significance; secondary end-point) in the subgroup of subjects
taking concomitant rhDNase. The study was not powered to
detect a difference in exacerbation rate of ,50%.

Statistical analysis
For the double-blind phase analyses relating to change from
baseline in spirometry values, mixed-effect model repeated
measure (MMRM) models were used with: absolute change
from baseline in spirometry value as the outcome variable;
fixed-effect terms for treatment, rhDNase use, geographical
region, sex and time-point; disease severity as characterised by
FEV1 % pred at screening, age, baseline spirometry values as
covariates; and subject as a random effect. Treatment-by-time,
treatment-by-rhDNase use and treatment-by-time-by-rhDNase
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use were also included in models to estimate changes by time,
rhDNase use and week 6–26 data. Subject was fitted as a
random effect with first order autoregression in the MMRM
analysis overall (week 0–26 and 6–26 data). For rate-based
analyses (PEs, hospitalisation and antibiotic use), negative
binomial regression models were used with treatment, age,
rhDNase use and region included as covariates, and the time
on study during the blinded phase used as an offset.

PEs were analysed using Cox proportional hazards regression
modelling, with treatment, age, rhDNase use and region
included as covariates, from which hazard ratios (HRs) were
obtained. In addition, Kaplan–Meier estimates of time to first
event were provided.

For responder-based analysis (improvement in FEV1 and
improvement in QoL respiratory score), subjects were classi-
fied as a responders or nonresponders at week 26. A logistic
regression model was fitted to compare the odds of responding
to mannitol versus control. Terms used in the model were as
per the primary analysis model, with response as the outcome,
and treatment, age, sex, rhDNase use, region, disease severity
as characterised by FEV1 % pred at screening and baseline
FEV1/QoL respiratory score included as covariates.

For the OL analysis, long-term safety was the primary focus,
with FEV1 data summarised descriptively at week 52. No
between-treatment-group analysis was undertaken.

RESULTS
Patient disposition
The ITT study population consisted of subjects (mannitol:
n5177; control: n5118) who tolerated mannitol (fig. 1), were
randomised to treatment, provided a baseline FEV1 and
received at least one dose of study medication. The per protocol
population (mannitol: n5111; control: n589) was defined as all
subjects in the ITT population with o60% treatment compliance
and no major protocol violations who provided baseline and at
least one FEV1 value after commencement of study treatment.
The completer population consisted of those subjects who
completed the blinded phase of the study (visit 4) with FEV1

data. Patient disposition is presented in figure 1, and demo-
graphics and characteristics at baseline are presented in table 1.
The median compliance was 89% and 91% for mannitol and
control groups, respectively.

85.9% of the 198 subjects (112 mannitol and 86 control) who
completed the double-blind phase elected to enter the optional
26-week OL phase.

Efficacy
A statistically significant improvement in FEV1 was apparent
within 6 weeks of treatment with mannitol and was main-
tained throughout the double-blind phase of the study (fig. 2).
Overall, the treatment effect of mannitol across the study was
statistically superior compared with control (p,0.001). The
absolute difference in FEV1 averaged across all post-randomi-
sation visits (weeks 6, 14 and 26) in the double-blind phase of
the study for mannitol-treated subjects compared with control
was 85.03 mL (95% CI 53.5–116.6 mL; p,0.001); this treatment
effect was similar and statistically significant for both the
rhDNase subgroup (85.4 mL, 95% CI 42.9–127.9 mL) and non-
rhDNase subgroup (84.6 mL, 95% CI 38.2–131.1 mL).

At 26 weeks, a 118.9-mL (6.5%) increase from baseline in the
mannitol group resulted in a statistically significant improve-
ment of 92.9 mL (p,0.001) in FEV1 compared with control.

Significantly more mannitol-treated subjects achieved clini-
cally meaningful responses compared with control (OR 1.97,
95% CI 1.08–3.58 based on a change in FEV1 of o100 mL;
p50.026) in the completer population. Similar odds of being a
responder were seen regardless of the definition of responder
used (OR 2.00, 95% CI 1.09–3.66 and 2.30, 95% CI 1.20–4.38 for
achieving either a FEV1 increase of o5% or a FEV1 % pred
increase of o5%, respectively; p,0.05 for both).

At the end of the double-blind phase, changes in FVC (fig. 3)
were consistent with an improvement in FEV1 (at week 26,
FVC increase from baseline was 128.9 versus 15.9 mL for the
mannitol and control groups, respectively; p50.002). FEF25–75%

also improved with mannitol, but compared with control,
differences in FEF25–75% were not statistically significant.

During the uncontrolled, OL phase of the study, subjects who
were switched to mannitol after initial randomisation to control
in the double-blind phase showed a clinically and statistically

378 patients enrolled

324 patients randomised

Mannitol
 n=192

Control
 n=132

15 patients 
withdrew before 
receiving any 
study drug

14 patients 
withdrew before 
receiving any 
study drug

Analysed
ITT 177 patients
PP 111 patients

Analysed
ITT 118 patients
PP 89 patients

36.7% patients 
withdrew during 
the study 
(week 0–26) 
due to adverse
event (16.4%)
or subject 
decision 
(15.8%)

28.0% patients 
withdrew during 
the study 
(week 0–26)
due to adverse 
event (9.3%) 
or subject 
decision 
(18.6%)

112 patients 
completed 26 weeks

86 patients 
completed 26 weeks

170 (85.8%) of completers entered optional OL phase

27 failed MTT
19 incomplete MTT#

8 passed MTT, but not randomised

FIGURE 1. CF301 trial profile. MTT: mannitol tolerance test; ITT: intention to

treat; PP: per protocol; OL: open label. #: defined as a test that was stopped prior to

either a test failure criterion or a cumulative dose of 395 mg being reached.
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significant improvement in FEV1 that was comparable to the
improvements seen in the mannitol group during the double-
blind phase of the study. Subjects initially randomised to
mannitol maintained the increase in FEV1 seen during the
double-blind phase over the second 26 weeks (fig. 4). The
change in FEV1 in members of the control group who moved to
the OL phase, subsequently received mannitol for 6 months and
completed the study showed an absolute improvement from
baseline (148.5 mL), which was similar to that seen with the
completers from the original mannitol group (155.7 mL).

The PDPE results are presented in table 2. There was a
significant 35.4% (p50.045) reduction in the incidence of
having a PDPE during the double-blind phase of the study,
although there was no statistically significant reduction in the
rate of exacerbations. For the per protocol patient population,

there was a significant increase in the time to first exacerbation
(HR 0.47; p50.024) (fig. 5), which did not reach statistical
significance in the ITT population (HR 0.68; p50.119).

The trend toward improvement in exacerbation-related end-
points was consistent with lung function improvement, and
there was a correlation between PDPE incidence and improve-
ment in FEV1 over the 26 weeks of the study (p,0.0001).

The results from the CFQ-R treatment burden domain at
baseline were similar to the results at the end of the study,
demonstrating that there was no meaningful increase in
treatment burden resulting from additional therapy with 10
capsules in a dry powder inhaler twice a day.

There was a 3.8-point difference in mean change from baseline
in the CFQ-R respiratory score in favour of the mannitol group

TABLE 1 Patient demographic data and baseline characteristics

Characteristics Mannitol Control All

Subjects 177 118 295

Age yrs 23.1¡11.66 22.8¡10.75 23.0¡11.29

6–11 31 (17.5) 17 (14.4) 48 (16.3)

12–17 32 (18.1) 25 (21.1) 57 (19.3)

o18 114 (64.4) 76 (64.4) 190 (64.4)

Subjects with diagnosis at age f1 yr 130 (73.4) 94 (80.0) 224 (75.9)

Caucasian race 169 (95.5) 115 (97.5) 284 (96.3)

BMI kg?m-2 21.07¡3.99 20.38¡3.59 20.80¡3.84

Females 71 (40.1) 61 (51.7) 132 (44.7)

FEV1 L 2.07¡0.82## 1.95¡0.69 2.02¡0.77""

FEV1 % pred 62.4¡16.45## 61.4¡16.13 62.0¡16.30""

Microbiology

Pseudomonas aeruginosa

Mucoid 58 (32.8) 48 (40.7) 106 (35.9)

Nonmucoid 42 (23.7) 32 (27.1) 74 (25.1)

Staphylococcus aureus 32 (18.1) 25 (21.2) 57 (19.3)

Aspergillus spp. 28 (15.8) 11 (9.3) 39 (13.2)

Chronic antibiotic use .10% at baseline

Azithromycin 98 (55.4) 60 (50.8) 158 (53.6)

Colistin# 73 (41.2) 45 (38.1) 118 (40.0)

Tobramycin# 43 (24.3) 35 (29.7) 78 (26.4)

Flucloxacillin 5 (25.4) 23 (19.5) 68 (23.1)

Drugs for obstructive airway diseases 148 (83.6) 101 (85.6) 249 (84.4)

ICS" 103 (58.2) 73 (61.9) 176 (59.7)

SABA+ 137 (77.4) 96 (81.4) 233 (79.0)

LABA1 98 (55.4) 64 (54.2) 162 (54.9)

Othere 38 (21.5) 21 (17.8) 59 (20.7)

rhDNase users 96 (54.2) 67 (56.8) 163 (55.3)

FEV1 L 1.96¡0.78++ 1.87¡0.64 1.92¡0.72

FEV1 % pred 59.2¡17.26++ 57.9¡16.38 58.7¡16.86

rhDNase nonusers 81 (45.8) 51 (43.2) 132 (44.7)

FEV1 L 2.20¡0.85 2.06¡0.75 2.14¡0.81

FEV1 % pred 66.2¡14.68 66.1¡14.69 66.1¡14.63

Data are presented as n, mean¡SD or n (%). BMI: body mass index; FEV1: forced expiratory volume in 1 s; % pred: % predicted; ICS: inhaled corticosteroid; SABA: short-

acting b-agonist; LABA: long-acting b-agonist; rhDNase: recombinant human deoxyribonuclease. #: 98.3% of colistin and 92.3% of tobramycin was nebulised at

baseline; ": including combinations and single agents; +: salbutamol and terbutaline; 1: salmeterol, formoterol or combinations; e: including leukotriene receptor

antagonists, anticholinergic bronchodilators, theophylline, aminophylline and nedocromil; ##: n5176; "": n5294; ++: n595.
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(p50.096). Differences in the vitality and physical domains
were 7.2 and 4.2 points, respectively, again trending in favour
of mannitol.

Safety
Overall, the proportion of subjects reporting at least one AE
during the blinded study period was similar for the mannitol
and control groups (any AE: 87.0 versus 92.4%, respectively;
serious AE: 26.0 versus 29.7%, respectively). Pulmonary exacer-
bations are an expected feature of the underlying disease in CF
and were carefully documented as an efficacy end-point as well
as being recorded as AEs (condition aggravated) and this was
the most commonly reported AE in both treatment groups.
Treatment-related AEs were reported in 40.7% of mannitol-
treated subjects and 22% of the control group. AEs that were
more common in the mannitol group included cough, haemop-
tysis (see later) and pharyngolaryngeal pain. Lower respiratory
tract infection and exacerbation were less common in the
mannitol group than in the control group (table 3).

Haemoptysis was reported either as an AE (11.9% versus 8.5%
in the mannitol and control groups, respectively) or as a sign in
association with an exacerbation; overall, haemoptysis, includ-
ing that associated with exacerbations of CF, was reported by
15.8% of mannitol-treated subjects and 15.3% of subjects
receiving the control. The majority of the cases of haemoptysis
were considered to be not related to the study drug, transient
and mild-to-moderate in intensity.

A total of 28 (15.8%) subjects in the mannitol group and 10
(8.5%) in the control group discontinued the study due to AEs;
of these, 24 (13.6%) and six (5.1%) subjects, respectively,
withdrew due to treatment-related AEs (table 3). All subjects
who withdrew due to a serious AE were in the mannitol group
(moderate haemoptysis: n52; moderate severity PE: n51;
severe, asymptomatic bronchoconstriction: n51).

The incidence of AEs and serious AEs among rhDNase users
and nonusers were similar to the overall results in both
treatment groups. More rhDNase users in both treatment
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(p<0.001)
 81.6 mL

(p<0.001)

 92.9 mL
(p<0.001)

 63.3 mL
(p=0.037)  75.8 mL

(p=0.018)  108.8 mL
(p=0.002)

 95.3 mL
(p=0.004)

 89.7 mL
(p=0.011)

 69.6 mL
(p=0.064)

 2.59%
(p=0.029)

 3.60%
(p=0.004)  3.60%

(p=0.008)

FIGURE 2. Change (D) in forced expiratory volume in 1 s (FEV1) over the 26-week blinded phase in patients in the mannitol and control groups. DFEV1 in a) the whole

intention to treat (ITT) group (DFEV1 118.9 mL (6.5%) for mannitol from baseline to week 26; p,0.001 for mannitol versus control over 26 weeks), b) the subgroup of ITT

patients receiving recombinant human deoxyribonuclease (rhDNase) (DFEV1 81.0 mL (4.6%) for mannitol from baseline to week 26; p50.008 for mannitol versus control over

26 weeks) and c) the non-rhDNase group (DFEV1 158.3 mL (8.5%) for mannitol from baseline to week 26; p50.015 for mannitol versus control over 26 weeks), and d) relative

percentage change in FEV1 % predicted in the ITT group (DFEV1 4.21% pred for mannitol from baseline to week 26; p50.004 for mannitol versus control over 26 weeks). Data

are presented as least-squares mean¡SE. The mean changes are based on a repeated-measures analysis. A mixed-effects model was used to determine the effects across

the 26-week period (weeks 0–26 for a–c and weeks 6–26 for d), with DFEV1 as the outcome; treatment, time-point, rhDNase use, geographical region and sex as fixed

effects; and baseline FEV1, age and disease severity (baseline FEV1 % pred) as covariates. A treatment effect by time-point was obtained by adding a time-by-interaction term

to the model.
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groups (32.3% and 32.8% subjects in the mannitol and control
groups, respectively) experienced serious adverse events than
rhDNase nonusers (18.5 and 25.5% subjects, respectively).

The most common organisms in both treatment groups at
week 0 were Pseudomonas aeruginosa (mucoid and nonmucoid),
Staphylococcus aureus and Aspergillus spp. At week 26, the
proportion of subjects in both treatment groups with abnormal
flora was similar to week 0 for all grades of growth. Sputum
microbiology was similar for rhDNase users and nonusers, and
for paediatric and adolescent subjects. There were no apparent
differences in laboratory results for mean haematology, liver
function, urea and electrolyte parameters between treatment
groups or over time.

DISCUSSION
Treatment with inhaled dry powder mannitol (400 mg b.i.d.)
provided early and sustained, statistically and clinically
significant increases in FEV1 over a 26-week treatment period
(p,0.001) in subjects with CF receiving a high standard of care.
This improvement was maintained to 52 weeks in the OL
phase of the study.

The improvement in lung function compared with control was
seen irrespective of concomitant rhDNase use. The additional
benefit of mannitol over the study period was very similar in
rhDNase users and nonusers when compared with control;
this is in contrast with a recent, small phase II study [23], which
suggested that the combined use of rhDNase and mannitol
may not result in greater improvement than rhDNase alone.
The present larger study demonstrated that mannitol offered
an additional lung function benefit on top of rhDNase as part
of standard therapy and confirms its applicability to a wide
range of CF patients.

The present study also evaluated the proportion of subjects
reaching a clinically meaningful threshold change in FEV1.
There are no guidelines on this threshold in CF, and the size of
effect required to be meaningful varies according to individual
perception, pre-existing lung impairment, size and age. For
this study, a conservative threshold for a clinically significant
improvement from baseline in FEV1 was evaluated by absolute
changes of both 100 mL and 5% FEV1 % pred, as well as a 5%
change in FEV1. More subjects treated with mannitol reached
these clinically meaningful lung function thresholds. Improve-
ments with mannitol using other lung function parameters
(such as the FVC and peak expiratory flow) reflected the
positive improvements in FEV1 and support the consistent effect
of mannitol on lung function. While FEF25–75% was not statisti-
cally different between the mannitol and control groups, the
variability of this measure across the study was high and the
mean change from baseline with mannitol at week 26 was
86.2 mL?s-1 (95% CI 29.33–143.11 mL?s-1).

The frequency of PEs is an important outcome measure in
clinical trials, as exacerbations contribute to the burden of
disease and are associated with impaired QoL, increased
hospitalisation and associated healthcare costs, and increased
risk of mortality [8, 9, 24, 25]. In the present study, many
different measures of exacerbation, including incidence and
rate of PDPE or clinically defined PE, time to first PDPE or
clinically defined PE, and rescue antibiotic use, were assessed
in a range of patient populations (ITT population, per protocol
population and completers). There was a significant reduction
in the incidence of having a PDPE in the ITT group and
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significant improvement in time to first exacerbation in the per
protocol population with mannitol (p50.024), while other
exacerbation end-points did not reach statistical significance.
Nevertheless, the trial was not powered to detect differences in
exacerbation rates that would still be considered clinically
meaningful. Currently, only two nebulised agents are used in
clinical practice to help airway clearance in CF subjects.
Inhaled mannitol demonstrated a similar benefit in terms of
relative percentage improvement in lung function to rhDNase
(a mucolytic), which has had regulatory approval for well over
10 yrs in most countries [21, 26]. This similar improvement
with mannitol is considered significant given the differing
standards of care available at the time of the original rhDNase
studies and in a population who are now slightly older and on
more concomitant medications (including b-agonists and
antibiotics). Hypertonic saline is frequently used as an osmotic
agent at various dosing frequencies, doses and concentrations,
although these are largely driven by tolerability. The primary
evidence base for hypertonic saline comes from one study in a

milder population of 164 patients where 4 mL of 7% saline was
used twice a day to improve lung function and exacerbation
rates [27]. The primary outcome measure of rate of change in
lung function was not significant between groups over the
duration of the study. By comparison, mannitol improved
FEV1 early (at 6 weeks) in this study, and the significant effect
size with mannitol was maintained out to 26 weeks and
further, to 52 weeks in patients extending the treatment period.
Compared with this study using mannitol, the hypertonic
saline study by ELKINS et al. [27], with its notably lower rates of
regular concomitant antibiotic use, demonstrated a statistically
significant reduction in exacerbation rate, although a similar
magnitude of reduction in incidence of exacerbations was
reported (35% for mannitol versus 37% for hypertonic saline).

Osmotic agents offer a rational approach to the treatment of CF
and nonionic agents such as mannitol would hypothetically
have a more sustained duration of action in the airway, as
epithelia may remove salts ions more rapidly [5]. Mannitol has

TABLE 2 CF301 protocol-defined pulmonary exacerbation (PDPE) data

Exacerbation measure Reduction in incidence % RR# (95% CI) HR (95% CI) p-value"

Incidence of PDPE+ 35.4 0.045

Rescue antibiotic use+ 35.4 0.045

PDPE-related hospitalisations+ 20.6 0.395

Rate of PDPE+ 0.74 (0.47–1.18) 0.205

Rate of PDPE1 0.65 (0.34–1.21) 0.174

Time to first PDPE+ 0.68 (0.42–1.11) 0.119

Time to first PDPE1 0.47 (0.25–0.91) 0.024

RR: rate ratio; HR: hazard ratio. #: negative binomial regression of the rate; ": post hoc Chi-squared test for mannitol versus control; +: intention to treat; 1: per protocol.
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properties that make it a good osmotic agent for the treatment
of CF: it has sufficient osmotic load per unit weight, can be
formulated as a powder for inhalation, is stable and is not
subject to ionic movement.

Noncompliance with and adherence to therapy are important
issues in CF, and can influence the therapeutic value of
treatment. Therapies are often time consuming and challen-
ging to deliver, so adherence may be poor, especially among
certain groups, such as adolescents [28, 29]. Dry powder
mannitol offers the convenience of delivery to the lung via a
simple, hand-held inhaler, rather than via a nebuliser, and it
can be administered within 5 min [30]. The shorter delivery
time and lack of need for sophisticated equipment, with its
associated need for maintenance and cleaning, may lead to
improved adherence, although this would need to be
confirmed in future studies. The withdrawal rate at the start
of this study was higher than expected; however, the need to
provide education about the device and expectations for
patients and healthcare professionals may have been under-
estimated. The impact of additional education will be able to
be evaluated from the second phase III study, CF302
(ClinicalTrials.gov identifier NCT00630812).

Improvements in QoL scores for vitality, respiratory and
physical domains are all considered to be relevant in the
assessment of a pulmonary-directed therapy; differences in
these scores all approached or exceeded 4 points, but did not
reach statistical significance. While the CFQ-R is a widely
accepted and validated tool for use in patients with CF,

questions such as ‘‘Have you had to cough up mucus?’’ and
‘‘Have you been coughing during the day?’’ may favour the
control group, as sputum production with mannitol increased
during the study compared to control, and thus, the tool may
be inappropriate for reflecting improvements associated with
mucoactive therapies.

Mannitol was well tolerated by most study subjects with an
acceptable safety profile. Cough and haemoptysis were the
most commonly reported treatment-related AEs. Haemoptysis,
similar to exacerbations, is an underlying feature of CF and,
therefore, is expected in CF studies [31]. The total incidence of
haemoptysis when occurring either during a PE or as a
treatment-related AE was, however, similar between the two
treatment groups. Cough was more common in the mannitol
group but, as it may be considered to be a component of the
therapeutic effect, it is difficult to interpret the potential
benefit/risk ratio of this finding. Importantly, cough was only
sufficiently troublesome in a small proportion of subjects to
lead to treatment discontinuation. Overall, most AEs were
mild or moderate in intensity.

As mannitol may potentially cause bronchoconstriction in
those with airway hyperresponsiveness, the trial excluded
such subjects at screening with an MTT. However, 87.8% of
screened subjects passed the MTT.

Exploratory analyses of bronchoconstrictor response to
study drug at each double-blind visit and occurrence of
bronchoconstriction-related AEs were performed. There was

TABLE 3 Summary of adverse events (AEs), treatment-emergent AEs (TEAEs) and treatment-related AEs leading to withdrawal

Mannitol Control All

Subjects 117 118 395

At least one AE 154 (87.0) 109 (92.4) 263 (89.2)

At least one treatment-related AE 72 (40.7) 26 (22.0) 98 (33.2)

At least one SAE 46 (26.0) 35 (29.7) 81 (27.5)

At least one treatment-related SAE 6 (3.4) 1 (0.8) 7 (2.4)

TEAEs by MedDRA preferred term#

Condition aggravated 57 (32.2) 42 (35.6) 99 (33.6)

Cough 45 (25.4) 24 (20.3) 69 (23.4)

Headache 38 (21.5) 28 (23.7) 66 (22.4)

Bacteria sputum identified 33 (18.6) 22 (18.6) 55 (18.6)

Nasopharyngitis 25 (14.1) 17 (14.4) 42 (14.2)

Lower respiratory tract infection 15 (8.5) 20 (16.9) 35 (11.9)

Haemoptysis 21 (11.9) 10 (8.5) 31 (10.5)

Pharyngolaryngeal pain 24 (13.6) 5 (4.2) 29 (9.8)

AE leading to withdrawal from study 28 (15.8) 10 (8.5) 38 (12.9)

Treatment-related AEs leading to withdrawal in o2 subjects

Cough 11 (6.2) 4 (3.4) 15 (5.1)

Haemoptysis 5 (2.8) 0 (0.0) 5 (1.7)

Condition aggravated 3 (1.7) 1 (0.8) 4 (1.4)

Chest discomfort 3 (1.7) 0 (0.0) 3 (1.0)

Bronchospasm 2 (1.1) 0 (0.0) 2 (0.7)

Pharyngolaryngeal pain 2 (1.1) 0 (0.0) 2 (0.7)

Wheezing 0 (0.0) 2 (1.7) 2 (0.7)

Data are presented as n or n (%). SAE: serious AE. #: occurring in o10% subjects.
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no suggestion of an increased risk of airway hyperresponsive-
ness in either the measured response to mannitol or when
reviewing the cluster of associated side-effects of wheeze,
asthma and bronchospasm. Although there was a greater
proportion of subjects in the mannitol group compared with
those in the control group who had a medical history of asthma
(34.5 versus 19.5%), the proportion of subjects experiencing AEs
pertaining to bronchospasm was low and comparable between
the two treatment groups (bronchospasm: 1.1% versus 0.0%;
asthma: 1.1% versus 2.5%; dyspnoea: 1.1% versus 0.8%; wheezing:
2.3% versus 3.4%).

The study results suggest there is no added risk involved in
treating subjects with mannitol with respect to sputum growth
of microorganisms. Mannitol is a growth substrate for certain
bacteria in vitro, particularly S. aureus, Burkholderia cepacia and P.
aeruginosa [32]. It was therefore important to assess whether this
had an impact on sputum microbiology over time. While most
subjects grew abnormal flora in their sputum at randomisation,
there was no evidence for either an increase or decrease in
microorganism growth after 26 weeks of treatment.

In those who completed the double-blind period, the study
drug appears to have been well tolerated, as the majority (85%)
of subjects elected to continue into the OL study.

Consistent with regulatory agency guidance, the control used
was an anticipated subtherapeutic 50-mg dose of mannitol,
meaning that the size of the effect is possibly conservative, but
safety (essentially that related to the inhaled route) when
assessed relative to control may potentially be underestimated
(although incidence of AE rates did not exceed expectations,
based on the incidence in published studies [21, 33]). Never-
theless, while this could be considered a possible limitation to the
study, the use of a subtherapeutic mannitol dose was supported
by the dose–response study (DPM-CF-202) [26], in which a single
40-mg capsule b.i.d. did not demonstrate any efficacy over a
2-week treatment period, while the 400-mg therapeutic dose was
efficacious.

In conclusion, inhaled mannitol appears to have an acceptable
safety profile for patients with CF and demonstrates that
mannitol treatment provides both early and sustained clini-
cally meaningful improvements in airway function over and
above the existing standard care, irrespective of concomitant
rhDNase use, in a representative population of CF subjects.
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