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SUMMARY

Objectives—Randomized controlled trials of dornase alfa have shown forced expiratory volume

in 1 second (FEV1) to improve in patients with cystic fibrosis (CF) but have not assessed change

in the rate of lung function decline. We assessed the relationship of dornase alfa use and FEV1

decline using the Epidemiologic Study of CF (ESCF).

Methodology—Patients aged 8–38 years who had been enrolled in ESCF for 2 years when

initially treated with dornase alfa were selected if they remained on treatment during the following

2 years. A comparator group included patients aged 8–38 who were not yet reported to have

received dornase alfa. For each patient we estimated the annual rate of decline in FEV1 %

predicted before and after the index using a mixed-effects model adjusted for age, gender,

pulmonary exacerbations, respiratory therapies, and nutritional supplements.

Results—The dornase alfa group (n = 2,230) had a lower FEV1 % predicted at index and a more

rapid decline during the pre-index period. The mean rate of FEV1 decline improved for the

dornase alfa group; the improvement was similar in adults and children 8–17 years old but was not

statistically significant in adults. The comparator group (n = 5,970) showed no change among

adults and an increased rate of decline among children 8–17 years old.

Conclusions—The use of dornase alfa for a 2-year period is associated with a reduction in the

rate of FEV1 decline. These results also demonstrate the value of using an observational study to

assess the association of instituting new therapies in the clinical setting with changes in the rate of

FEV1 decline in patients with CF.
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INTRODUCTION

Cystic fibrosis (CF) lung disease is characterized by airway obstruction, chronic infection,

and neutrophil-dominated inflammation leading to progressive and irreversible lung

destruction.1 Neutrophil-derived DNA contributes to the increased viscosity of airway

secretions. Dornase alfa (rhDNase) hydrolyzes DNA, reducing the viscosity of CF sputum.2

Clinical trials have shown that dornase alfa improves forced expiratory volume in 1 second

(FEV1) in patients 5 years of age and older.3–5

Although improvement in lung function is important to the health of individuals with CF,

long- term survival requires slowing the rate of decline of lung function. Demonstrating

changes in rate of lung function decline requires long-term studies with many patients,

which are impractical for clinical trials.6 Observational studies such as the Epidemiologic

Study of Cystic Fibrosis (ESCF) have the potential to address rate of decline in lung

function more effectively because of large numbers of subjects monitored for longer periods

of time.7, 8 Therefore, we used ESCF data to evaluate the effectiveness of dornase alfa in

clinical practice and hypothesized that the rate of decline in pulmonary function would be

reduced in association with long-term use of this therapy.

METHODS

The ESCF is a large, multicenter, longitudinal, prospective observational study of the

clinical course of patients with CF in the United States and Canada from 1994 through

2005.8 Informed consent was obtained based on decisions by a central or a local human

subjects’ review board.

Patient Population

We compared patients treated with dornase alfa (the dornase alfa group) to patients not

treated with dornase alfa (the comparator group). The dornase alfa group included patients

enrolled in ESCF for at least 2 years before starting dornase alfa who were aged 8–38 years

when initially started on dornase alfa and were reported to be taking dornase alfa for at least

80% of the clinic visits over the following 2 years. A pulmonary function test (PFT) within

30 days of starting dornase alfa (defined as the index PFT) was required to separate a 2-year

pre-index period from a 2-year post-index period, but the index PFT was not included in

either. The comparator group included patients aged 8–38 years who were not yet reported

to have received dornase alfa. The index PFT for comparators was defined as the PFT

closest (within 30 days) to the first clinic encounter within 1 year following the eighth or

subsequent even-numbered birthday. For both groups, the pre-index and post-index periods

were each required to have at least 1 clinic encounter and at least 3 FEV1 values spanning at

least 6 months to estimate the slope of FEV1. We elected to use 2-year periods because

shorter time periods would have given less precise estimates of slope6 and longer time
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periods would have reduced the number of patients available for analysis. Comparator

patients could contribute more than one set of pre-index and post-index periods and could

also subsequently be included in the dornase alfa group.

Statistical Methods

We estimated the annual rate of decline in FEV1 % predicted before and after the index PFT

for each patient using a mixed-effects model with random slopes and intercepts for each

period. Values for FEV1 % predicted were calculated from Wang9 for males through age 17

years and for females through age 15 years and from the equations of Hankinson10 for

patients over these ages.

The model used for this analysis was similar to that used by Ren11 to evaluate the effect of

inhaled corticosteroids on change in slope; however, the current model also allowed for

change in intercept. Separate estimates were obtained by age group (8–17 and 18–38) for

each of 4 categories of FEV1 percent predicted from the index PFT (<40, 40 to <70, 70 to

<100, ≥100). The model adjusted for age in years, gender, and time-dependent use of routine

therapies and pulmonary exacerbations treated with intravenous (IV) antibiotics. Routine

therapies were based on data recorded at the closest visit before or within 14 days after each

PFT. Repeated use of patients was accounted for in the modeled covariance structure.

The relationship between stage of lung disease and the modeled slopes and intercepts was

further evaluated using the FEV1 % predicted at the index PFT categorized into age-specific

FEV1 deciles obtained by using all PFTs recorded in ESCF (N = 535,344), regardless of

whether the PFT was taken at a time of clinical stability. The mixed model was then re-

estimated, replacing the age group and index PFT category variables with the FEV1 decile.

Additional details on the statistical methods and the rationale for the adjustment for FEV1

decile are presented in the online supplement.

Statistical analyses were performed using SAS 9.1 (SAS Institute, Inc., Cary, NC). P values

< 0.05 were considered significant. No adjustments were made for multiple comparisons.

RESULTS

Patient Characteristics

Of the 32,585 patients enrolled in the ESCF between 1994 and 2001, 22,796 received

dornase alfa at least one time. A total of 10,288 patients started dornase alfa at least 180

days after enrollment, and 6,212 of those were aged 8 to 38 (Figure 1). Of those started on

dornase alfa, 3,132 had sufficient data (at least 1 encounter and 3 PFTs spanning at least 6

months in both the 2-year pre-index and the 2-year post-index period), and 2,230 of those

(71%) were recorded as receiving dornase alfa for at least 80% of visits. Comparator cases

were drawn from patients who never received dornase alfa (3,662 cases from 2,030 unique

patients), patients who later received dornase alfa but never met the criteria to be included in

the dornase alfa group (1,323 cases from 806 unique patients), and patients subsequently

included in the dornase alfa group (985 cases from 681 unique patients).
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Demographic and clinical characteristics of the 2,230 unique patients in the dornase alfa

group and the 5,970 cases (3,517 unique patients) in the comparator group are presented in

Table 1. Dornase alfa patients were more often female, had lower index FEV1, had lower

weight for age, were more often positive for Pseudomonas aeruginosa on a respiratory tract

culture, and had more clinical signs and symptoms. For the routine therapies most often

recorded (other than dornase alfa), the frequency of use before and after the index PFT for

the dornase alfa and comparator groups is shown in Table 2. Overall, therapies were more

frequent in the dornase alfa group before index. Therapies increased after index except for

oral antibiotics, oral bronchodilators, and mast cell stabilizers. This increase in therapies was

greater in the dornase alfa group for inhaled antibiotics, IV antibiotics for exacerbations,

inhaled corticosteroids, and oral nutritional supplements. Oral antibiotic use was unchanged

in the dornase alfa group, but decreased in the comparator group.

Estimated Changes in FEV1 % Predicted by Age Group

The dornase alfa patients showed a significant improvement in FEV1 (change in intercept)

soon after starting dornase alfa (3.95% predicted in 8- to 17-year-olds and 2.64% predicted

in ≥18-year-olds, both P < 0.001) (Figure 2A). In contrast, children (8–17 years old) in the

comparator group showed a decrease in FEV1 after the index PFT (−0.67 percentage points,

P < 0.001). Adults (≥18 years old) in the comparator group showed a non-significant

decrease in FEV1 after the index PFT (−0.14 percentage points, P = 0.66).

The estimated changes in FEV1 % predicted per year during the 2-year periods before and

after the index PFT for the dornase alfa and comparator patients are shown in Figure 2B.

Before the index PFT, dornase alfa patients had a more rapid annual decline in FEV1 %

predicted than comparator patients (P < 0.001 for both 8–17 and ≥18 age groups). After the

index PFT, the mean annual rate of decline for the dornase alfa group improved by similar

amounts in children (32.1%, P < 0.001) and adults (28.8%), but was not statistically

significant in adults (P = 0.068). In contrast, the age 8–17 comparator group had a worsened

mean annual rate of decline (P < 0.001), while those age ≥18 had no change (P = 0.92)).

Despite the improvement in rate of decline post-index, children in the dornase alfa group

still had a greater rate of decline than those in the comparator group (P < 0.001).

Estimated Changes in FEV1 % Predicted by Disease Stage

There are substantial differences in the stage of lung disease between the dornase alfa and

comparator patients. As shown in the online supplement, differences in disease stage can

lead to differences in expected change in the annual rate of decline, with the healthiest

patients expected to have an accelerating rate of decline. To provide a more refined

evaluation of the effect of disease stage, cases were categorized by using the age-specific

deciles of FEV1 % predicted described in the online supplement. The dornase alfa group

median decile was 6, and the comparator group was 8. Intercepts and rate of decline were

estimated before and after index by decile. The pre-index rate of decline for the dornase alfa

group was greater than the comparator in all but the lowest decile, where the groups were

similar. The post-index rate of decline for the dornase alfa group was greater in all but the

highest decile, where the groups were similar.

Konstan et al. Page 4

Pediatr Pulmonol. Author manuscript; available in PMC 2014 July 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3A shows the change in intercept for the comparator group. The comparator group

showed a negative change in intercept in 7 of the 10 FEV1 deciles and an overall small

negative change (−0.50, P = 0.003). Figure 3B shows the between-group difference in

change in intercept (dornase alfa–comparator) favored dornase alfa in every decile. The

change in rate of decline for the comparator group was negative overall (−0.60, P < 0.001)

and inversely related to decile (Figure 3C). The positive change in the low deciles represents

a flattening of the trajectory of the FEV1 decline. The negative change in the highest deciles

represents an acceleration in the FEV1 decline. The between-group difference in the change

in rate of FEV1 decline favored the dornase alfa group in 8 of the 10 deciles (Figure 3D) and

was statistically significant overall (0.73, P = 0.020). Details are presented in Table 3.

Sensitivity Analyses

Although there were over 32,000 patients enrolled in ESCF, only 2,230 were included in the

dornase alfa group. In order to establish the FEV1 slope before initiation of dornase alfa, we

required a lead-in period without dornase alfa. Because ESCF started about the time of the

introduction of dornase alfa, many patients started on dornase alfa before or shortly after

enrollment and therefore did not have the required lead-in period (12,508 out of 22,796). An

additional 3,810 patients were ineligible because they started dornase alfa before their 8th

birthday, 266 patients because they started after their 38th birthday, and 937 because they

did not have an index pulmonary function test. Of the remaining 5,275 patients, 2,230 (42%)

were evaluable. They differed from the 3,045 nonevaluable patients by being an average of

almost 2.5 years younger (14.5 vs. 16.9 years) and had higher FEV1 % predicted (76.0 vs.

73.9). When the groups were compared by age groups (8–12, 13–17, 18–24, 25–38), the

evaluable patients were similar to the nonevaluable patients on most characteristics, but in

the youngest age group the evaluable patients had lower FEV1 % predicted (82.7 vs. 85.3)

and lower weight for age percentile (29.5 vs. 33.2).

To reduce potential bias, we chose to include in the comparator group patients who

subsequently were started on dornase alfa. If these patients were omitted from the

comparator group, then two otherwise identical patients would be treated differently based

on whether or not they take dornase alfa in the future, possibly the distant future. Therefore,

we included patients in the comparator group up to the start of dornase alfa. As a sensitivity

analysis, we repeated the decile-adjusted analysis after omitting from the comparator group

those patients who later started dornase alfa, which reduced the number of comparator cases

from 5,970 to 3,662. The estimated effects were similar but with larger standard errors

reflecting the nearly 39% overall reduction in sample size (data not shown).

DISCUSSION

This study indicates that dornase alfa is associated with a reduction in the annual rate of

decline in FEV1 % predicted in patients with CF across a range of disease stages, even after

adjusting for other therapies. We confirmed previous findings that initiation of treatment is

associated with improvement in FEV1, regardless of age or disease stage.3–5, 7 Although

improvement in FEV1 is important to the health of patients with CF, long-term survival is

associated with slower rates of decline in lung function, particularly FEV1.12, 13 Thus
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therapeutic interventions resulting in a slower rate of FEV1 decline are more likely to have a

greater impact on the course of CF lung disease than those showing only a step change in

lung function. The only CF therapies previously shown to have a beneficial effect on rate of

FEV1 decline are high-dose ibuprofen (in both a clinical trial and an observational

study)14, 15 and inhaled corticosteroids (in an observational study).11 Although a previous

clinical trial evaluated dornase alfa over a 2-year period, the sample size was not sufficient

to assess for rate of FEV1 decline.5

Observational studies such as ESCF have the potential to demonstrate how real-world

clinical use of CF therapies affects lung function over the long term, but are subject to

certain limitations. Most importantly, they are subject to indication bias: patients selected by

physicians for any specific treatment are likely to be different from those not selected. In

observational studies, indication bias can overwhelm positive therapeutic effects that can be

shown in randomized trials.16 As expected, we found in this study that patients receiving

dornase alfa had more advanced lung disease than those not receiving dornase alfa.

Moreover, patients receiving dornase alfa in this study received more CF-related therapies at

the outset. The dornase alfa patients also had a greater increase in their use of these therapies

after index compared with patients who were not treated with dornase alfa. Although we

used time-varying covariates to adjust for within-patient changes in pulmonary therapies,

such adjustments are limited to available data. An increase in nonpulmonary interventions

for these patients could potentially explain some of the associated beneficial effect of

dornase alfa on the decline in FEV1.17

One way some studies address the problem of indication bias is to include a control group.

In this study, the indication bias is likely to be too large to overcome with adjustments for

measured covariates. Accordingly, we had no control group; we used patients as their own

controls by comparing slopes before and after a point in time. We included a comparator

group to help elucidate the usual pattern of change in FEV1 slope about an arbitrary point in

time, not to act as matched controls. The online supplement includes additional information

on this point. The dornase alfa group and comparator group were different in many ways.

Patients started on dornase alfa were likely to have more advanced lung disease. Advanced

lung disease has been shown to be associated with a slower rate of FEV1 decline.18

However, the dornase alfa group also had a higher prevalence of other risk factors that are

associated with a more rapid decline in FEV1, including having Pseudomonas, more signs

and symptoms of lung disease, and poorer nutritional status.18 The net effect of these

opposing influences was a more rapid decline among the dornase alfa group. That is, these

other risk factors outweighed the effect of the more advanced lung disease. We chose not to

attempt to adjust for between-patient risk factors because the focus was on the within-patient

change in slope. However, in the model we did control for CF-related respiratory therapies

to avoid confounding by the fact that the dornase alfa group received more therapies and to

account for any change in therapy that coincided with initiation of dornase alfa.

Although the FEV1 rate of decline in the adults in the comparator group stayed the same, it

significantly accelerated in the children. This may be explained in part by age-related

differences in disease stage (as measured by FEV1 % predicted). By using deciles, we

adjusted for the combined effect of age and disease stage. Patients in the lower deciles had a
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decelerating decline, whereas those in the higher deciles had an accelerating decline, in both

the comparator and dornase alfa groups. The decelerating decline among patients with lower

age-adjusted FEV1 % predicted may be partially due to a survivor effect (mortality tends to

exclude those with worsening FEV1). Among patients in the lower deciles, the dornase alfa

patients had a greater improvement in the rate of decline than the comparator patients. For

those patients in the higher deciles, the rate of decline for the dornase alfa patients did not

worsen as much as for the comparator patients.

Another potential limitation of observational studies is that although a large number of

patients may be enrolled, the number of patients with adequate data for analysis may be

limited. In this study we required patients to have at least 6 months of data before and after

index, an adequate number of PFTs, and to have received dornase alfa at least 80% of the

time after index. This 80% requirement presumably resulted in the dornase alfa patients

being more likely to have had a beneficial response to therapy. Ideally, an observational

study should be able to demonstrate a dose effect or the effect of discontinuing therapy.

Unfortunately, because patients who start dornase alfa tend to receive this therapy

continuously for a long time, ESCF does not have sufficient data to evaluate a dose effect

based on the percent of time on dornase alfa nor to evaluate the effect of discontinuation.

This study also is subject to other limitations inherent in observational studies, such as lack

of standardization across sites and lack of monitoring of patient compliance with prescribed

treatments. In addition we did not address whether the identified reduction in FEV1 decline

lasted more than the 2 years studied.

In conclusion, this study not only confirms that initiating dornase alfa therapy leads to an

acute improvement in FEV1 but also shows that initiation and consistent use of dornase alfa

is associated with an improvement in the annual rate of decline in FEV1 over a 2-year

period. Although survival was not evaluated in this study, slowing the progression of lung

disease, as indicated by a reduced rate of FEV1 decline, should ultimately relate to this

important outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Identification of patients and cases for the dornase alfa and comparator groups.
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Fig. 2.
FEV1 % predicted before and after index PFT in children and adults for the dornase alfa and

comparator groups. Estimated linear trends (2A), and annual rates of decline (2B). Error

bars indicate 95% CI for the estimated slope.
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Fig. 3.
Estimated change from before to after index PFT in intercept and slope by age-specific

deciles of FEV1 % predicted and overall. Error bars indicate 95% CI. (3A) Change in

intercept for comparator patients. (3B) Difference in change in intercept between dornase

alfa and comparator patients. (3C) Change in slope (% predicted per year) for comparator

patients. (3D) Difference in change in slope (% predicted per year) between dornase alfa and

comparator patients.
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