
Early Treatment With Dornase Alfa in Cystic
Fibrosis: What Are the Issues?

After initial trials1–3 with bovine DNase in the 1950s
were abandoned because of allergic reactions,4 the idea
of reducing sputum viscosity in a variety of suppurative
lung diseases by breaking down the DNA released by
dying host neutrophils fell into abeyance. The concept
was reactivated when Shak et al. cloned the human en-
zyme DNase 1.5 A series of dose-finding6,7 and short-
term8,9 studies established that, in adults with CF, spi-
rometry improved rapidly with rhDNase (dornase alfa)
nebulized once daily in a dose of 2.5 mg. A Phase III
study,10 by a long way the largest ever carried out in CF,
demonstrated a mean 6% improvement in spirometry on
treatment with dornase alfa 2.5 mg once or twice daily in
patients with moderately severe CF (FVC < 70% pre-
dicted). A secondary end-point in this trial was a reduc-
tion in protocol-defined infective exacerbations and was
statistically significant but showed only clinically mar-
ginal reductions in days spent in hospital and days on
antibiotics. Two further, necessarily smaller, studies11,12

established evidence of benefit in CF patients with severe
disease (FVC < 40% predicted). In all trials, the safety
record of dornase alfa has been good. It is the first treat-
ment to actually improve lung function and not merely to
halt a gradual decline. There can be little doubt that dor-
nase alfa has earned an established place in the treatment
of CF on the basis of an impressive body of evidence.

However, although many patients improve on treat-
ment (and some very dramatically), there is marked in-
dividual variation in response. In the Phase III trial, it
was noted that around one third of the patients improved
their lung function by more than 10%, whereas others did
not improve at all.13 Our own experience14 was that
about one third of children with CF had a sustained im-
provement in spirometry of more than 20% over a year,
but one third actually deteriorated. Worryingly, many of
the children who got worse actually felt better. It was not
possible to predict who would improve, except by a
therapeutic trial. Another worry is that an open study15

demonstrated that, when dornase alfa was stopped, the
patients deteriorated to a point below their previous base-
line, raising the possibility that dornase alfa was a cos-
metic therapy, which merely masked the process of on-
going destruction in the lungs.16 The mechanism of any

deterioration is not known. In vitro work with CF sputum
and bovine DNase has suggested that breakdown of
DNA in sputum may result in an increase in the levels of
the C-X-C chemokine interleukin-8 in free (unbound)
form,17 leading to increased neutrophil chemotaxis to the
lung, thus worsening the cycles of inflammation in the
lung. Another abstract18 suggested that there may be in-
creased destruction of the antioxidant defense alpha-1
antitrypsin during therapy. Neither mechanism is of more
than theoretical importance at the moment, but further
work is necessary. The emerging picture is that of a
treatment that is of benefit to some patients, with a risk of
harm if injudiciously used. Clearly, the sicker the patient,
the more there is to be gained by therapy in the short-
term, and the less worry there will be about the long-term
risk of side effects. The equation is completely different
in those who are well.

An inevitable development is the desire to offer a po-
tentially beneficial therapy to patients with early stage
disease, whether they be infants or older patients with
mild disease. There is a firm theoretical basis for this;
although the lungs of the CF infant are essentially normal
at birth, bronchoscopic studies have shown that there is
an intense inflammatory response within weeks, and this
persists even in older patients with mild disease.19 The
concentrations of DNA in BAL are the same in early
phase and late disease.19 The DNA levels correlate with
indices of inflammation. Why not treat these same in-
creased levels of DNA in early stage disease? Indeed, in
this issue of theJournal,20 and previously in Conference
Proceedings,21 Geller et al. report on a study of nebulized
dornase alfa in patients with very mild CF as a prelude to
a study in mildly affected patients. Their results highlight
some of the problems likely to be encountered in such a
trial if it is to use satisfactory end-points. It is clear from
the evidence reviewed above that dornase alfa must not
be given routinely unless the response can be monitored
objectively; merely feeling better is not good enough,
because the patient may in fact be doing worse. In de-
signing any such trial, possible objective endpoints that
could be considered include mortality, improvement in
quality of life, lung function tests, imaging studies, and
BAL. A critical appraisal reveals flaws in all of them.

Although at diagnosis the main concern of many fami-
lies is the fear of an early death,22 showing a decrease in
mortality is now almost impossibly difficult. The current
survival curves are fortunately so flat23,24 that any
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change would require a study of thousands of patients
over many years. Hence the use of some sort of surrogate
end-point is inevitable, and this was lung function in the
Phase III study. This at least has the merit of being a
marker used in our routine clinical practice. In general,
however, lung function is only loosely related to mortal-
ity; although 50% of those with an FEV1 < 30% died
within 2 years, 50% did not.25 It also needs to be noted
that although mean FEV1 2 years before death was 38%,
the range was wide, namely 20–80%.26 More sophisti-
cated instruments to predict mortality have been de-
vised;27 however, they are still unlikely to be a useful
surrogate, particularly in early stage disease. The nature
of a significant change in lung function is also in dispute.
The coefficient of variation for FEV1 and FVC is 5% in
normal subjects, rising to 10% in CF patients.28 The fig-
ures are even more dismal for flow at low lung volumes,
which have been proposed as indices of small airways
disease; coefficients of variation of 30% are common.28

It seems unlikely that better figures will be achieved with
infant pulmonary function testing, which is in addition
infinitely more demanding technically. In early stage dis-
ease, it is likely that treatment with dornase alfa will
produce improvements in lung function that are either
mere trends toward significance, or statistically signifi-
cant, but clinically trivial. Such results are usually com-
fortably within the variability of the measurements for an
individual, and that is precisely what has been shown by
Geller et al.20,21 In any context, it is easy to describe a
change that is statistically significant, but clinically
trivial; and although it is conceivable that such small
changes may mean that some underlying process has
been favorably affected, the onus of proof that that is so
is on those who assert the value of the measurements, and
such observations will require protracted follow-up.
Measurement of ‘‘small airways disease’’ has long been
the Holy Grail of pulmonary physiologists,29 and al-
though many indices of flow and gas mixing have been
proposed,30,31 these airways, large in number and con-
tributing little to airflow obstruction, may still undergo
extensive destruction without giving a signal to the
physiologist.32 And it is just these airways that carry the
brunt of early-stage CF lung disease.33 A superficially

attractive alternative to single lung function measure-
ments might be to follow the changes in slope of decline
of lung function; however, in those with early disease
and not yet colonized withPseudomonas aeruginosa,
conventional treatment may prevent any deterioration in
lung function,34,35 so this approach too is unlikely to be
useful.

If lung function cannot help, what about imaging tech-
niques? The CXR in early stage disease is close to nor-
mal. Although scoring systems have been proposed,36 we
all know that many of our well patients have a CXR that
would pass for normal if reviewed blindly. More sophis-
ticated imaging such as HRCT is more sensitive, but the
radiation dose is not small, and the cost would be formi-
dable. Although MRI shows promise in later stage dis-
ease,37 the lung images are probably too poor to follow
treatment changes. A more invasive approach, currently
being evaluated by at least one group, is BAL with mea-
surement of inflammatory markers.38 This interesting
idea has yet to be validated, but would have the spin-off
of obtaining bacteriology at the same time in nonexpec-
torating patients. In older patients with mild disease, in-
duced sputum could be used instead of lavage. Even with
inflammatory markers, some caution is necessary—in a
recent placebo-controlled trial of inhaled steroids in
CF,39 one limb had substantially lower sputum interleu-
kin-8 levels. This turned out to be the placebo limb;
imagine the excitement that might have ensued were it to
have been the fluticasone propionate arm (Balfour-Lynn,
personal communication).

If we despair of objective measurements, could a so-
phisticated quality of life or cost-benefit analysis help
us? Patients with early stage disease are by definition
well, and are more likely to resent the extra time spent on
a nebulized therapy for little immediate benefit.40 For
most, and in particular adolescents, the agenda is likely
to be minimal treatment time, rather than theoretical
long-term benefit. With regard to fiscal cost, an eco-
nomic analysis of the Phase III trial showed savings
mainly in hospital costs,41 likely to be negligible in this
patient group. Thus, any treatment benefit will be long-
term only, and this may be difficult to sell to patients in
the real world, and even more difficult to sell to those
who have to pay the bills.

There are two further considerations if dornase alpha is
to be given to infants who are well. The safety of this
treatment in the developing lung is unknown. The num-
ber of alveoli present at birth is controversial, but prob-
ably amounts to less than a third to a half of the adult
number. What is quite clear is that in the first 3 years of
life there is intense multiplication of alveoli, and after
this period, increase in size rather than establishment of
new sacs is the main means of growth of the alveolar
capillary membrane.42 In animal models, pharmacologic
intervention can profoundly affect lung growth.43 In in-

Abbreviations

BAL Bronchoalveolar lavage
CF Cystic fibrosis
CXR Chest x-ray
DNA Deoxyribonucleic acid
FEV1 Forced expired volume in first second
FVC Forced vital capacity
HRCT High resolution computerized tomography
MRI Magnetic resonance imaging
PCR Polymerase chain reaction
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fants with chronic lung disease of prematurity (broncho-
pulmonary dysplasia), there is evidence of tracking of
lung function, meaning that if lung growth is lost in the
first 3 years of life, there is no ‘‘catch-up’’ growth.44

This is not to say that infants who are doing badly should
not be offered dornase alfa; but it should give us some
pause for thought before givingany inhaled medication
to a well infant. The second consideration is the drug
delivery device: nebulizer therapy is time-consuming to
administer, and few infants will sit still with a mask over
their face or use a mouthpiece; all too often, the mother
will hopefully wave the nebulizer somewhere near the
infant’s face. Under such circumstances, drug deposition
will be negligible.

Of course, these considerations are not peculiar to dor-
nase alfa; they apply just as much to other treatments that
clinicians may wish in the future to apply to infants with
CF, including alfa-1 antiprotease inhibitor and gene
therapy. However, in the light of this Jeremiad, how
should the study of Geller et al.20,21be assessed? Clearly
a comparison of nebulizers is a necessary prelude to any
study in early disease. I suspect that nebulization time
would be the factor of greatest importance to the patients.
That the SS/MA system also gives a theoretically better
output and a trend to better clinical efficacy is a bonus.
However, all the changes reported are very small, and
conclusions must necessarily be tentative. The authors
phrase the discussion carefully, and it is very important
that this paper is not misquoted. This paper offers no
argument for the early treatment of CF patients with
dornase alfa. Such treatment is in my view only ethical in
the context of a controlled clinical trial. The logistics of
such a trial will be formidable, and the selection of end-
points will be very difficult. It is likely that the trial will
have to run for years, not months, to demonstrate clini-
cally relevant improvements. The history of clinical trials
with dornase alfa has so far been of the highest standard,
a paradigm for the testing of novel therapies in CF, and
it is important that these standards are maintained. Dor-
nase alfa is a major advance for some, but not all, CF
patients; it is imperative to ensure that those who have
not benefited are not exposed to potential harm. It is also
vital that arguments about early treatment with dornase
alfa are set in the context of the total management of CF.
Above all, we need to ensure that the diagnosis of CF is
not delayed (preferably by using routine newborn screen-
ing using immunoreactive trypsin and bloodspot PCR for
genotype) and that the best conventional treatments are
instituted on diagnosis, because we know that if this is
done, the outlook is excellent.45,46 Early diagnosis and
best conventional treatment from soon after birth for all
are likely to offer better results at lower costs than early
treatment with dornase alfa for some, whereas delayed
diagnosis and inferior treatment still prejudice the out-
look for many.
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