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Summary. Aerosolized recombinant human DNase (dornase alfa) reduces mucus viscoelastic-
ity in vitro and improves pulmonary function in patients with cystic fibrosis (CF). We postulated
that if dornase alfa could be delivered more peripherally to small airways in the lung in the form
of smaller aerosol droplets in patients with early airway obstruction, the increase in pulmonary
function from baseline might be improved. CF patients (n = 749) with mild lung disease (baseline
forced vital capacity $70% predicted) were randomly assigned to receive dornase alfa 2.5 mg
daily for 2 weeks by one of two nebulizer systems: 1) the Medic-Aid Durable SideStream
nebulizer powered by the MobilAire Compressor (SS/MA) producing a droplet size with a mass
median aerodynamic diameter (MMAD) of 2.1 µm; or 2) the Hudson T Up-draft nebulizer with a
DeVilbiss Pulmo-Aide compressor (HT/PA) with an MMAD of 4.9 µm. Spirometry was performed
at baseline and following 14 days of treatment.

Dornase alfa delivered by both nebulizer systems produced small but statistically significant
improvements in pulmonary function compared with baseline. There was a trend (P = 0.06)
toward greater improvement in forced expiratory flow in 1 s in the SS/MA group (4.3%) com-
pared with the HT/PA group (2.5%). These results indicate that the short-term spirometric
response to dornase alfa is influenced in part by the physical characteristics of the aerosol in
patients with mild lung disease. We speculate that this may be true for other therapeutic aero-
sols, and it appears that localization of disease in the lung plays a role in the response to inhaled
agents. Pediatr. Pulmonol. 1998; 25:83–87. © 1998 Wiley-Liss, Inc.
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INTRODUCTION

Lung disease in CF is characterized by a sustained
inflammatory response and the presence of high concen-
trations of DNA in the airways originating from degen-

erating neutrophils. High levels of DNA increase the mu-
cus viscoelasticity that contributes to retention of secre-
tions and airway obstruction. Recombinant human
deoxyribonuclease I (dornase alfa) cleaves the extracel-
lular DNA and reduces the viscoelasticity of CF sputum
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in vitro.1 In a Phase III study of CF patientsù5 years of
age, aerosolized dornase alfa reduced the frequency of
respiratory tract exacerbations and improved pulmonary
function.2

Clinical efficacy of aerosolized drugs can be influ-
enced by the nebulizer system used to deliver these
agents to the airways.3 Therefore, it is important to in-
vestigate each nebulizer system with specific drugs.
Nebulizers may be evaluated in terms of three output
characteristics (efficiency, respirable fraction and deliv-
ery), and systems may vary considerably with respect to
these characteristics. The efficiency of a nebulizer sys-
tem refers to the fraction of the dose placed in the nebu-
lizer (i.e., nominal dose) that reaches the mouthpiece.
The respirable fraction is the proportion of the droplets
that is within the size range of 1–6mm. Droplets with an
aerodynamic diameter of 1–6mm are more likely to
reach the lower airways than larger droplets, which tend
to deposit in the upper airway. Delivery, the product of
efficiency and respirable fraction, refers to the portion of
the nominal dose that is delivered as droplets in the re-
spirable range.4 It is this variable that determines the
actual quantity of the drug available for lower airway
deposition.

In general, nebulizer systems with similar in vitro out-
put characteristics for a specific therapeutic agent would
be expected to produce similar clinical results. A recent
study confirmed the clinical equivalence of three com-
parable jet nebulizer/compressor systems used to deliver
dornase alfa to CF patientsù5 years of age with baseline
FVC of 40–70% of predicted value.5

Pulmonary function abnormalities in CF typically be-
gin with decreased flows in small airways with progres-
sion to larger airways over time.6–8 We postulated that
dornase alfa treatment for patients with mild lung disease
would be optimized by nebulizer systems that deliver a
high percentage of very small droplets (2–3mm). Such
droplets may penetrate further into the respiratory tract
than droplets at the upper limit of the respirable range.9

This study compared two nebulizer systems that differed
with respect to the size of the droplets of aerosolized
dornase alfa produced. We compared the clinical efficacy
and safety of the Medic-Aid Durable SideStream nebu-

lizer powered by a MobilAire compressor (SS/MA) with
the Hudson T Up-draft nebulizer powered by the De-
Vilbiss Pulmo-Aide (HT/PA) compressor, one of the
three equivalent systems studied previously.5

This study compared the change in pulmonary func-
tion between nebulizer groups following 14 days of treat-
ment in CF patients with baseline FVCù 70% of pre-
dicted values. The same dose of dornase alfa was placed
in each nebulizer system. We postulated that the smaller
droplets produced by the SS/MA would enhance lower
airway deposition of dornase alfa and thus improve pul-
monary function response more than the HT/PA system.

MATERIALS AND METHODS
Aerosol Delivery Systems

The techniques used to characterize the properties of
the aerosol delivery systems used in this study have been
previously described.4 Largely because of the power of
the MobilAire compressor, the SS/MA system delivers
dornase alfa with an MMAD of 2.1mm. As Table 1
demonstrates, the two systems are similar, except with
respect to the size of the droplets produced and the time
required for nebulization.

Study Design

Patients in this multisite, open-label, Phase IV study
were randomized to receive 2.5 mg of dornase alfa once
daily, administered as an aerosol by one of the two nebu-
lizer systems. At the initial visit after randomization, pa-
tients were provided with instructions on the proper use
of their system. Patients were monitored for 14 days, and
their pulmonary function was evaluated by spirometry on
days 1 and 14 of the study.

Study Population

Patients with mild CF lung disease were recruited on
the basis of age (ù5 years) and spirometry (FVCù 70%
of predicted). Exclusion criteria were: 1) qualitative
change in antibiotic, bronchodilator, steroid, or physical

Abbreviations

ANOVA Analysis of variance
CF Cystic fibrosis
FEF25–75% Forced expiratory flow between 25 and 75% of vital

capacity
FEV1 Forced expiratory flow in 1 s
FVC Forced vital capacity
HT/PA Hudson T-Updraft nebulizer with Pulmo-Aide

compressor
MMAD Mass median aerodynamic diameter
SS/MA SideStream nebulizer with MobilAire compressor

TABLE 1—In Vitro Characteristics of the Nebulizer/
Compressor Systems 1

Delivery characteristics and
aerosol size distribution

Nebulizer/compressor system

HT/PA SS/MA

% Efficiency2 46.4 (44.8–48.4) 36.4 (32.6–40.1)
% Respirable fraction2 50.5 (47.8–52.5) 83.0 (82.0–83.4)
% Delivery2 23.4 (22.1–25.4) 30.2 (27.2–32.9)
Nebulization time (min:s)2 9:12 (8:09–10:32) 1:46 (1:30–2:00)
Mass median aerodynamic

diameter inmm (±SD) 4.9 ± 0.5 2.1 ± 0.1
Geometric standard

deviation (±SD) 2.48 ± 0.20 1.91 ± 0.04

1Data determined by methods described in Cipolla et al.4

2Mean values (and range).
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therapy regimens within 14 days of study entry; 2) hos-
pitalization within 14 days of study entry; 3) use of an
investigational drug or device within 28 days of study
entry; 4) previous treatment with dornase alfa; and 5)
pregnancy or lactation. Patients were asked not to change
their chest physiotherapy routine for the duration of the
study. This protocol was approved by the ethics commit-
tees or institutional review boards at all participating
sites.

Efficacy Assessment

Efficacy was determined comparing percent changes
from baseline on three key measures of pulmonary func-
tion: FEV1, the primary endpoint; FVC; and FEF25–75%

in the two nebulizer groups.

Safety Assessment

Adverse events were recorded throughout the study.
Serum levels of dornase alfa were assessed at baseline
and within 4 hours of the last dose.

Statistical Analysis

All patient data were analyzed according to the type of
nebulizer assigned at randomization, regardless of early
withdrawal or compliance (intent-to-treat analysis). The
two groups were compared with respect to baseline char-
acteristics, efficacy endpoints, and safety. Significance of
main effects was defined asP < 0.05. Baseline compa-
rability of the treatment groups within study groups and
across sites was assessed using a two-way ANOVA. Be-
tween-group comparisons were tested by ANOVA, con-
trolling for study center.

Sample Size and Power

Sample size estimates for this study were based on the
2-week improvement observed in patients with mild dis-
ease (mean FVC4 92% of predicted values; mean
FEV1 4 76% of predicted) enrolled in the Phase III
study. A sample size of 400 patients in each of the two
aerosol delivery system groups would provide 90%
power to test whether the SS/MA system provides a 50%
improvement in spirometric outcome over the HT/PA
group.

RESULTS
Patient Demographics

Forty-one clinical sites in the United States and
Canada enrolled a total of 749 patients. As Table 2 dem-
onstrates, the two nebulizer groups did not differ in any
key baseline indicators. Study inclusion criteria required
a baseline FVCù 70% of predicted values, but the over-
all mean of both groups was 98.2% of predicted. The
baseline overall mean FEV1 value was 88.1% of pre-
dicted. The patients enrolled in this study were unexpect-

edly healthier than the sample population on which the
study was powered (mean FEV1 88% vs. 76%). As ex-
pected, signs of early lung disease were more apparent in
FEF25–75%, a more sensitive measure of peripheral air-
way obstruction.10,11

Efficacy

All three parameters of pulmonary function improved
significantly from baseline in both groups, despite the
near-normal initial pulmonary function (Table 3). The
improvement in FVC was significantly greater among
the SS/MA group compared with the HT/PA group (P 4
0.03). There was a trend that favored the SS/MA system
for FEV1 (P 4 0.06). The parameter with the greatest
intrasubject variability, FEF25–75%, failed to reach statis-
tical significance between aerosol delivery systems.

Safety

As Table 4 indicates, the incidence of adverse events
during the 2-week study period did not differ between the
two treatment groups. Increased cough occurred in al-
most one-fourth of the patients. The incidence of adverse
events was virtually identical to that which occurred
among comparable patients (FVCù 85% of predicted)
in the earlier phase III study (data on file; 1996. Genen-
tech, Inc., S. San Francisco, CA). Dornase alfa serum
levels did not increase following 14 days of therapy.

Additional Observations

Patients who developed increased cough were indis-
tinguishable from those who did not in terms of age,
gender, or baseline pulmonary function. Although not
prespecified in the protocol, the response to dornase alfa
was examined in those patients with increased cough in
each nebulizer group. Response to therapy in the SS/MA
group was similar in patients who had increased cough
and in those who did not. By contrast, the mean change
from baseline in FEV1 in the HT/PA group who had
increased cough was only 0.1% compared with a 4%
increase in the patients who did not experience increased
cough (Fig. 1).

TABLE 2—Demographic and Pulmonary Function Profiles
for the Two Nebulizer Groups

Variable
HT/PA

(n 4 379)
SS/MA

(n 4 370)
Overall

(n 4 749)

Age (range in
years) 13.9 (5–57) 13.5 (5–44) 13.7 (5–57)

% Male 54 53 53.5
FEV1 (% of

predicted) 88.8 (32–148) 87.4 (38–134) 88.1 (32–148)
FVC (% of

predicted) 99.0 (66–154) 97.4 (59–148) 98.2 (59–154)
FEF25–75%(% of

predicted) 70.7 (8–167) 69.1 (9–176) 69.9 (8–176)
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DISCUSSION

In CF patients with near-normal pulmonary function
tests, 14 days of treatment with aerosolized dornase alfa
improved spirometry and was well tolerated with both
nebulizer systems. Patients treated with the smaller aero-
sol droplet size (MMAD4 2.1 mm; SS/MA group)
tended to have greater improvement in pulmonary func-
tion than those who received the larger droplet of aerosol
(MMAD 4 4.9 mm). The trend in significance favoring
the SS/MA group for FEV1 was most likely reduced by
the surprisingly normal baseline lung function in both
groups, giving less potential for spirometric improve-
ment.

There are reasons why the SS/MA system may have
advantages over the HT/PA system in the delivery of
dornase alfa. First, the shorter nebulization time (Table
1) associated with this system may promote patient com-
pliance. It is also possible that drug delivery to the lower
airways was more consistent than with the HT/PA sys-
tem. Since oropharyngeal ‘‘filtering’’ is one of the major

factors contributing to variations in lung dose of aerosols,
the smaller droplet size produced by the SS/MA system
might minimize oropharyngeal deposition and hence re-
duce variability.9 Finally, the smaller droplets produced
by this system may increase drug delivery to the small
airways, thus improving the pulmonary distribution pro-
file.

The advantage of the SS/MA system for patients who
reported increased cough was unanticipated. This result
may be an artifact due to the lack of prospective random-
ization of subgroups by cough. Therefore, this subset
analysis must be interpreted with caution. However, we
speculate that cough may hasten the removal of aerosol-
ized agents deposited in the central airways while having
little effect on agents deposited in smaller airways. This
may explain why, in this study, patients with increased
cough did not benefit from treatment with larger droplets
of dornase alfa, whereas they did respond to treatment
with smaller droplets.

Our findings suggest that if a decision to treat with
dornase alfa is made, then using an aerosol delivery sys-

Fig. 1. Outcome in patients with increased cough.

TABLE 3—Mean Percent Improvement From Baseline on
Day 14 by Nebulizer Group

Variable

Nebulizer group

P value
HT/PA

(n 4 379) SD
SS/MA

(n 4 370) SD

FEV1 +2.5%* 13.5 +4.3%* 12.8 0.06
FVC +1.2%* 9.4 +2.6%* 8.9 0.03
FEF25–75% +9.9%* 37.0 +11.6%* 36.7 NS

*P < 0.05 compared with baseline.

TABLE 4—Adverse Events Reported During the Study by
Nebulizer Group

Event
HT/PA (%)
(n 4 379)

SS/MA (%)
(n 4 370)

Cough increase 24.5 20.8
Pharyngitis 18.5 15.9
Voice alteration 9.2 9.5
Chest pain 3.2 4.3
Hemoptysis 2.4 0.8
Respiratory tract infection <1 <1
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tem that produces a smaller particle size (e.g., the SS/MA
system) may be a good choice for patients with mild lung
disease. A long-term prospective study of the effects of
dornase alfa given as a small-particle aerosol to patients
with mild CF is currently under way, based in part on
these findings. Data also suggest that patients with more
advanced lung disease might benefit from dornase alfa
delivered as smaller droplets.12 The capacity to deliver
small droplets of dornase alfa should enhance delivery to
the smaller airways. Another feature of the SS/MA sys-
tem is brief nebulization time,4 which may enhance pa-
tient compliance.

This study demonstrates that response to inhaled medi-
cation can be improved by changing the characteristics of
the aerosol. When using therapeutic agents by inhalation,
the clinician should consider the pathophysiology of the
disease and the desired airway target in selecting a nebu-
lizer system for optimal drug delivery.
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