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ABSTRACT:  Cystic fibrosis (CF) is a disease with a high morbidity and morta-
lity from pulmonary disease.  Sputum from CF patients contains high levels of
deoxyribonucleic acid (DNA), which contribute to its viscoelasticity.  Recombinant
deoxyribonuclease (rhDNase) has been developed and in vitro studies have showed
reduction in the viscoelasticity of CF sputum.  This article reviews the in vivo clini-
cal trials conducted to determine the safety and efficacy of this treatment.

Phase 1 studies showed preliminary safety data and some evidence of clinical ben-
efit.  The two Phase 2 short-term studies showed improvement in pulmonary func-
tion and important safety data.  The Phase 3 study, which included 968 patients,
showed improvement in forced expiratory volume in one second (FEV1) of 5.8%
and 5.6% in patients treated once and twice daily, respectively.  The risk of deve-
loping an exacerbation of infection was reduced by 28% with once daily and 37%
with twice daily treatment, compared to placebo.  The drug was safe and there was
some improvement in quality of life data.

Longer-term open labelled studies, the results of intermittent administration,
administration to severely ill patients, and the use of different delivery systems are
reviewed.

In conclusion, recombinant deoxyribonuclease is a new treatment which has been
shown to benefit patients with cystic fibrosis when used in conjunction with con-
ventional treatment.
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Cystic fibrosis (CF) is the commonest inherited dis-
ease of the Caucasian population.  Respiratory disease is
the major cause of mortality and morbidity [1].  In 1938,
nearly 70% of babies died before the first year of life
[2].  Latest figures from the US Cystic Fibrosis Foundation
show a 50% survival to 27.6 yrs [3].  The correspond-
ing figures for the UK show a 50% survival to 25 yrs
[4].  The major cause of death in CF is respiratory fail-
ure due to the accumulation of viscid infective secretions
obstructing and damaging the airways.  This causes a
relentless decline in pulmonary function inspite of the
best treatment currently available. 

Deoxyribonuclease (DNase) is released from degen-
erating polymorphonuclear leucocytes in the sputum of
patients with CF, and the concentration of deoxyribonu-
cleic acid (DNA) in the infected sputum can be very high
[5–8].   Many years ago, it was shown that bovine pan-
creatic DNase 1 reduced the viscosity of sputum [9].  A
number of clinical studies also reported a reduction in
sputum viscosity [10–14].  However, following the report-
ing of an adverse respiratory reaction, bovine pancreatic
DNase fell into disuse [15].

The gene for human DNase 1 has been cloned from
a pancreatic complementary DNA (cDNA) library.  Re-
combinant human DNase 1 (rhDNase) has been expr-
essed in Chinese hamster ovary cells and has been shown
to be identical in amino acid sequence to the human

enzyme found in the blood, in pancreatic secretions and
in saliva [6].  Recombinant DNase reduces the vis-
coelasticity of CF sputum in vitro and increases mucocil-
iary transport ability as measured by ciliary transport
rate on the frog palate [17].  Recombinant DNase
(Dornase alfa) administered by aerosol inhalation, using
a jet nebulizer driven by air compressor, has been exten-
sively investigated for safety and efficacy in patients
with CF, and the results of these trials will now be
reviewed.

Phase 1 trials

Phase 1 studies were conducted to determine the tol-
erance to initial and repetitive dosing with rhDNase, the
rate of elimination of rhDNase from the expectorated
sputum samples, and whether significant absorption of
rhDNase occurred after single and multiple doses.  Fourteen
adult subjects with CF were treated as in-patients, init-
ially with escalating doses, and this was followed by repeat-
ed doses of up to 10 mg t.i.d. for 5 days [18].  These
patients tolerated short-term administration of rhDNase
with no evidence of bronchoconstriction or other airways
reaction attributable to the drug.  No significant changes
in chest radiographs associated with dosing were docu-
mented.
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In a second Phase 1 study involving 32 patients with
CF, during the first days of the study three CF patients
were treated with escalating doses of rhDNase, up to 20
mg daily.  Subsequently, 13 CF patients received doses
of either 20 mg daily, 10 mg t.i.d., or 20 mg b.i.d., in
order to assess safety and optimize therapy.  Blood was
obtained for assessment of serum concentrations of DNase
and for determination of antibodies to rhDNase.  Sputum
was obtained from CF patients, postinhalation, to deter-
mine the concentration of rhDNase in the sputum.  No
evidence of adverse respiratory responses, such as bron-
chospasm or other airways reactions, were attributable to
the drug, and some patients experienced a 10–20% imp-
rovement in FEV1 and forced vital capacity (FVC) com-
pared to when they received placebo.  No CF patient
developed antibodies to rhDNase during short-term admi-
nistration [19].

Phase 2 trials

Phase 2 trials were conducted in the US and the UK.
These studies employed a randomized, double-blind, place-
bo-controlled, parallel-group design of patients with mild
or moderate disease having a FVC of >40% predicted.
All patients were clinically stable with no hospitalization
or change in therapy within 14 days of enrolment.  All
patients continued to receive routine therapy for cystic
fibrosis, including chest physiotherapy, bronchodilators
or steroids.  Treatment groups were compared with respect
to the mean percentage change in pulmonary function
recorded at intervals during their treatment.   FEV1, FVC,
and quality of life measurements were also recorded.

The US study was a multicentre, double-blind, con-
trolled trial in which 181 clinically stable CF patients,
whose FVC was more than 40% predicted at baseline
and who were 8 yrs of age or older, took part [20].  These
patients were randomized to receive placebo, 0.6 mg
rhDNase, 2.5 mg rhDNase, or 10 mg rhDNase b.i.d.
The initial dose was given under observation, and spiro-
metry obtained before and after dosing.  Patients were
treated as out-patients for 10 days.  All patients received
a rechallenge of 10 mg rhDNase 18 days after the last
dose of trial medication was given.  The primary objec-
tives of the study were to determine the effect of adminis-
tration of rhDNase on FEV1 and FVC, and to determine
whether patients develop drug allergy, antibodies to
rhDNase after rechallenge, and to study the effects of
rhDNase on quality of life of CF patients.

Administration of rhDNase significantly improved pul-
monary function.  All three doses of rhDNase signifi-
cantly improved FEV1 (10–14%) and FVC (10–12%)
from baseline to day 10 (fig. 1).  Four days after the end
of the treatment period, the improvements in FEV1 and
FVC were declining.  Quality of life was assessed using
a visual analogue scale for dyspnoea, a self-administered
questionnaire to quantitate CF-related symptoms and over-
all well-being.  There was an improvement in quality
of life and a reduction in dyspnoea in patients taking
rhDNase compared with placebo.  There was no signif-
icant difference between the administration of rhDNase
10 and 2.5 mg b.i.d.

Administration of rhDNase did not result in an increased
number of serious respiratory events.  No patient devel-
oped anaphylaxis, signs of drug allergy, or antibodies
to rhDNase.  Initial challenge and subsequent rechallenge
was well-tolerated.  There was, however, an increased
incidence of voice alteration, pharyngitis, dyspepsia and
facial oedema in patients treated with rhDNase compared
to placebo (table 1).

The Phase 2 UK study [21] included 71 patients aged
16–55 yrs receiving rhDNase 2.5 mg b.i.d. or placebo
for 10 days. Administration of rhDNase significantly
improved FEV1 by a mean of 13.3% over baseline
(p<0.001) (fig. 1).  The FVC increased by 7.2%, but
these results did not achieve statistical significance.  The
effects subsided within a few days of cessation of ther-
apy.  The rhDNase group showed an improvement in
their dyspnoea score but this did not reach statistical sig-
nificance.  There was, however, significant improvement
in specific variables including "feeling", cough frequency
and chest congestion.  There was no increase in adverse
respiratory events, anaphylaxis, drug allergy or serum
antibodies to rhDNase.  Rechallenge with rhDNase at
day 28 was well-tolerated, and there was no increased
frequency of abnormal bronchial reactivity relative to the
placebo.  Unlike the US Phase 2 study, there was no
increase in voice alteration, pharyngitis, dyspepsia or
facial oedema in this study.

Intermittent dosing

An open-labelled study was carried out to assess inter-
mittent therapy with high dose rhDNase in relation to
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Fig. 1.  –  Mean percentage change from baseline in forced expirato-
ry volume in one second (∆FEV1) by treatment group in US and UK
phase 2 studies.  US study: ■     ■ placebo; ▲ ▲ :Dornase alfa
0.6 mg; ●    ●: Dornase alfa 2.5 mg; ◆     ◆: Dornase alfa 10.0 mg;
UK study: ❑    ❑ : placebo; ❍    ❍: Dornase alfa 2.5 mg.  (By kind
permission of Am Rev Respir Dis [20] and Lancet [21]).

Table 1.  –  Incidence of adverse events in Phase 2 trial
in US

Placebo 0.6 mg 2.5 mg 10 mg 
b.i.d. b.i.d. b.i.d.

Adverse event  n 48 45 44 44
Facial oedema  % 0 0 2 5
Dyspepsia  % 0 9 5 7
Voice alteration  % 0 7 11 16
Pharyngitis  % 33 47 64 45



Fig. 3  –  Cumulative proportion of patients who remained free of res-
piratory tract infectious exacerbations requiring parenteral antibiotic
therapy by treatment group during Phase 3 double-blind trial.     :
rhDNase b.i.d.;      : rhDNase q.d.;      : placebo.  rhDNase: recom-
binant deoxyribonuclease.  (By kind permission of N Engl J Med [22]).
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Fig. 2.  –  Mean percentage change (+SEM) from baseline in forced
expiratory volume in one second (∆FEV1) in Phase 2B open-label
study of intermittent dosing (2 weeks on/2 weeks off) with Dornase
alfa 10 mg b.i.d. over 24 weeks [24].    : on drug; : off drug.

potential allogenic or immunological responses.  Patients
were given rhDNase 10 mg b.i.d. intermittently (14 days
on/14 days off) over 24 consecutive weeks.  There were
160 evaluable patients, 12 developed antibodies to rhDNase
and were rechallenged under careful clinical observation,
but none developed anaphylaxis or a significant decrease
in pulmonary function.  Each time the patient received
therapy, pulmonary function improved over baseline val-
ues, but within a short time of discontinuing therapy pul-
monary function returned to baseline (fig. 2).  This
suggested that regular administration of rhDNase is
required.

Phase 2 studies indicated that rhDNase improved FEV1
and FVC, dyspnoea, overall well-being and CF related
symptoms.  The results were reproducible in different
countries.  Benefit was obtained within 3 days of start-
ing therapy and was lost quickly when treatment was
stopped.  The dose of 2.5 mg b.i.d. appeared to be as
effective as a higher dose of 10 mg b.i.d..  Intermittent
dosing appeared to be safe, but did not maintain improve-
ment in lung function as did regular daily treatment.
Other studies were required to study the medium and
longer-term effects of administration of rhDNase to pat-
ients with mild and moderate CF. Patients with severe
pulmonary disease (FVC  <40% pred) also needed to be
studied.

Phase 3 trial

The Phase 3 study was conducted in 51 centres in the
US [22].  Nine hundred and sixty eight CF patients were
enrolled in a randomized, double-blind, placebo-controlled
trial with parallel-group design of 24 weeks duration.
The objectives were to assess the efficacy of rhDNase
in reducing the rate of respiratory tract exacerbations
requiring parenteral antibiotic therapy, and to evaluate
the effect on FEV1, quality of life and safety parameters.
Patients were randomized to receive rhDNase 2.5 mg
daily, 2.5 mg  b.i.d. or placebo.  All patients were ≥5 yrs
of age, of stable pulmonary status, with no exacerbations
of pulmonary infection or change in antibiotic regimen
within 14 days of enrolment.  All had an FVC of >40%
predicted.  All standard CF treatment was continued.  A

protocol defined "respiratory tract infection" was said to
have occurred when parenteral antibiotics were prescribed
for patients having four or more of the characteristics
shown in table 2.

Double-blind period of efficacy result

The proportion of patients in each treatment group
remaining free of protocol-defined respiratory tract infec-
tions requiring parenteral antibiotic therapy was plotted
over time using Kaplan-Meier curves.  The percentage
of patients free from protocol-defined respiratory tract
infection was: in the rhDNase daily group 78%; in the
rhDNase b.i.d. group 81%; compared with placebo-
treated patients 73% (fig. 3).  The risk of developing
one or more protocol-defined respiratory tract infect-
ions requiring parenteral antibiotics over the 24 week
period was determined using Cox proportional hazards
model.  The model was adjusted to take into account two
observations:  1)  young adults (17–23 yrs) had an increased
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Table 2.  –  Protocol-defined respiratory tract infections -
four or more of these criteria

Change in sputum production (volume, colour or consistency)
New or increased haemoptysis
Increased cough
Increased dyspnoea
Malaise, fatigue or lethargy
Fever (more than 38°C)
Anorexia or weight loss
Sinus pain or tenderness
Change in sinus discharge
A 10% decrease in FEV1 for FVC from a previously recorded
value
Radiographic changes indicative of pulmonary infection
Changes in chest sounds

FEV1: forced expiratory volume in one second; FVC: forced
vital capacity.
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Fig. 4.  –  Mean percentage change from baseline in forced expirato-
ry volume in one second (∆FEV1) by treatment group during Phase 3
double-blind trial.       :rhDNase b.i.d.;      :rhDNase q.d;      : pla-
cebo. rhDNase: recombinant deoxyribonuclease.  (By kind permission
of N Engl J Med [22]).

Fig. 5  –  Mean percentage in forced expiratory volume in one sec-
ond (∆FEV1) from baseline in the Phase 3 trial and open-label per-
iod.      : placebo/Dornase alfa 2.5 mg b.i.d.;     : Dornase alfa 2.5
mg q.d./2.5 mg b.i.d.;     : Dornase alfa 2.5 mg b.i.d./2.5 mg b.i.d.
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risk of pulmonary exacerbations;   and 2)  more patients
in this age group had been randomized to receive rhDNase
daily than had been allocated to the placebo group.
Compared to placebo-treated patients, the age adjusted
relative risk of protocol-defined respiratory tract infec-
tions requiring parenteral antibiotics is shown in table 3.
Thus, the risk of developing an exacerbation relative to
placebo is reduced by 28% with rhDNase daily, and 37%
with rhDNase b.i.d..

The trial showed that rhDNase significantly improved
FEV1 from baseline compared with placebo (fig. 4), the
mean percentage improvement was 5.8 and 5.6% for once
daily and twice daily, respectively (p<0.001 for each,
compared with placebo).  The value for FEV1 in the
placebo group was fairly stable throughout the trial.
Patients whose FEV1 showed >5% improvement over
baseline after 2 weeks treatment with rhDNase were com-
pared with patients who improved <5% over baseline.
The results indicated that even patients with minimal
improvement in lung function had a reduction in exacer-
bations of respiratory tract infections.  Compared with
the placebo group, patients treated with rhDNase once
daily spent 1.3 fewer days in hospital (p=0.06), 2.7 fewer
days receiving parenteral antibiotics (p<0.05), and 1.5
fewer days at home because of CF-related illness (p<0.05).
Patients treated with rhDNase twice daily, spent 1.0 fewer
days in hospital (p<0.05), 2.2 fewer days receiving par-
enteral antibiotics (p<0.05), and 0.3 fewer days at home
due to CF-related illness (p=0.13).  The rhDNase treat-
ed patients had less dyspnoea, improved well-being, and
fewer CF-related symptoms.

Safety results

Administration of rhDNase did not cause allergy or ana-
phylaxis. There was no increased frequency of death,
major respiratory complications of CF (e.g. dyspnoea,
haemoptysis, pneumothorax), anaphylaxis or allergic reac-
tions relative to placebo during the 24 week trial.  By
the end of the trial, antibiodies to rhDNase were detectable
in 3% of patients treated daily, and 4% treated twice
daily.  This had no effect on clinical efficacy.  There
was no significant rise in concentrations of serum DNase
1 in the treatment groups as opposed to the placebo group,
indicating the absence of significant accumulation of
rhDNase during chronic exposure.  The one type of
adverse reaction, voice alteration, was increased in fre-
quency when compared to placebo (7% for placebo, 12%
once daily, and 16% twice daily).  This was rarely severe
and was self-limiting.  It was concluded that in patients
with CF rhDNase improves airway function and reduces
the risk of exacerbations of respiratory tract infection,
and it was safe when administered for a period of 24
weeks.

Open-label extension studies

Eight hundred and eighty seven patients who had com-
pleted the double-blind study took part in the open exten-
sion.  They received rhDNase 2.5 mg b.i.d. in addition
to their routine CF care. The results showed that the
effect of rhDNase was maintained for at least 48 weeks
of treatment (fig. 5).  Regardless of the treatment group
the patient had been assigned in the double-blind study,   a
smaller proportion of patients receiving rhDNase during
the open-label extension required parenteral antibiotics
for exacerbations of infection than the placebo-treated
group during the double-blind trial.  Groups receiving
rhDNase during the double-blind study maintained the
same improvement of FEV1 during the open extension.
Patients who received placebo during the double-blind
study showed an increase in FEV1 following initiation
of treatment with rhDNase during the open-extension
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Table 3.  –  Age-adjusted relative risk of protocol-defined
respiratory tract infections requiring parenteral antibiotics
compared to placebo

rhDNase
Once daily Twice daily

n=322 n=321

Risk cp placebo 0.72 0.63
95% confidence interval 0.52–0.98 0.46–0.87
p-value 0.04 <0.01

cp: compared to; rhDNase: recombinant deoxyribonuclease [22].
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study.  Safety assessments during this 24 week open-
label treatment showed that the incidence of adverse
events was similar to that reported during the double-
blind study.

The authors have followed the patients who parti-
cipated in the UK Phase 2 study who have continued to
receive open-label rhDNase for 24 months.  The mean
improvement in FEV1 is 7.1% and FVC 4.2%.  There
was also some improvement in body weight in these
adult patients [23].

Trials involving severely ill patients

Patients with severe pulmonary disease comprise about
7% of the CF population.  These patients have a FVC
of <40% pred [3].  The studies so far reported involved
patients with mild or moderate pulmonary disease, FVC
≥40% pred. To study the effect of rhDNase on sever-
ely ill patients, a multicentre study was carried out in
which 70 patients were randomized to receive placebo
or rhDNase 2.5 mg b.i.d. for 14 days.  All patients had
a FVC of <40% pred.  During the study, the lung func-
tion in both groups improved, but there was no signifi-
cant difference between the placebo and the DNase treated
group.  There was, however, no increase in intercurrent
events in the group treated with rhDNase. The patients
who completed this study were then eligible to enter a
24 week open-label extension study.  All patients were
treated with rhDNase 2.5 mg b.i.d. Thirty nine patients
completed the extension study.  When all patients who
entered the study are considered, there was a mean
improvement in FEV1 and FVC of 9.3 and 17.8%, respec-
tively.  It would appear that these more severely affect-
ed patients may take longer to benefit from treatment
with rhDNase [24].  A further double-blind study of 3
months duration comparing placebo and rhDNase is in
progress on severely ill patients [25].

Nebulizer studies

Three nebulizer systems were studied to see if they
produced the same clinical results.  They were the Hudson
T Updraft II, and the Marquest Acorn II used in con-
junction with a Pulmo-Aide compressor, and the reusable
Pari LC used in conjunction with the Proneb compres-
sor.  Nebulizers and compressors were used in accor-
dance with the manufacturers' instructions.  The results
are shown in table 4 [26]. The three nebulizer systems
gave comparable results.

In conclusion, trials have shown the efficacy and safety
of rhDNase at a dose of 2.5 mg  daily or twice daily
among clinically stable patients with CF, who were >5
yrs of age and had a baseline FVC of >40% predicted
value.  Inhalation of rhDNase has been shown to reduce
the incidence of exacerbations of respiratory tract infec-
tions and to improve pulmonary function over a 24 week
double-blind study and an additional 24 week open-label
treatment.  Recombinant DNase was well-tolerated by
cystic fibrosis patients and was not associated with an

increased incidence of serious respiratory or other adverse
events.  There was no evidence of serious drug allergy
or anaphylaxis. A small proportion of patients deve-
loped serum antibodies, but in none has this been associat-
ed with allergy or anaphylaxis, even upon rechallenging.
There was a small numerical increase in the incidence
of voice alteration, pharyngitis and largyngitis in patients
receiving rhDNase as compared with placebo but this
was usually mild and transient.  It is recommended that
DNase is given in a dose of 2.5 mg daily by jet nebu-
lizer.  Nebulizer systems which have been fully assessed
are the Hudson T Updraft II, or the Marquest Acorn II
used in conjunction with Pulmo-Aide compressor, and
the reuseable Pari LC used in conjunction with the Proneb
compressor.  Short-term  trials have not shown clinical
benefit in patients whose FVC is <40%.  However, the
safety of DNase has been shown in these 7% of sicker
patients.  The clinician may, therefore, wish to treat pat-
ients with an FVC of <40% predicted, or await the result
of the ongoing double-blind study in this group of patients.
There are currently no data available on patients less than
5 yrs of age. 

The extensive clinical trial evidence reviewed above
shows that rhDNase, although not a cure, is an important
addition to the routine treatments available for patients
with CF who have evidence of inflammatory lung disease.
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