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EFFECT OF HIGH-DOSE IBUPROFEN IN PATIENTS WITH CYSTIC FIBROSIS

MicHAEL W. KONSTAN, M.D., PAMELA J. BYArD, PH.D., CHARLES L. HorPEL, M.D.,
AND PAMELA B. Davis, M.D., PH.D.

Abstract Background. Since the inflammatory re-
sponse to chronic infection contributes to lung destruction
in patients with cystic fibrosis, we hypothesized that anti-
inflammatory therapy might slow the progression of lung
disease.

Methods. In a double-blind trial, 85 patients, 5 to 39
years of age, with mild lung disease (forced expiratory
volume in one second [FEV,], =60 percent of the predict-
ed value) were randomly assigned to receive ibuprofen or
placebo orally twice daily for four years. Doses were ad-
justed individually to achieve peak plasma concentrations
of 50 to 100 ug per milliliter. Changes in pulmonary func-
tion, the percentage of ideal body weight, the chest-radio-
graph score, and the frequency of hospitalization were
assessed.

Results. Patients randomly assigned to ibuprofen had
a slower annual rate of change in FEV, than the patients
assigned to placebo (mean [+SE] slope, —2.17+0.57
percent vs. —3.60=0.55 percent in the placebo group;

UNG disease in patients with cystic fibrosis is char-
acterized by persistent bacterial infection leading
to bronchitis and bronchiectasis. The airways are
plugged with thick mucopurulent secretions containing
abundant bacteria and neutrophils, and death results
from progressive destruction of the lungs.! Patients
with pancreatic insufficiency or a lower-than-normal
weight for their height have shorter lives.?® Vigorous
antibiotic therapy, clearance of mucus, and nutritional
repletion have been the pillars of conventional therapy.*
Recently, attention has been focused on the inflamma-
tory response in the lungs, which not only damages the
lungs directly but impairs local host defenses, prevent-
ing the clearance of infection. Blunting the inflamma-
tory response might preserve lung function.!

In a pilot study, the administration of high doses of
corticosteroids on alternate days in patients with cystic
fibrosis and mild lung disease slowed the progression of
the lung disease.’> A subsequent, larger trial was termi-
nated, however, because of growth retardation and glu-
cose intolerance in the group of patients receiving the
high doses of corticosteroids.® Nonsteroidal antiinflam-
matory drugs should be considered as an alternative
treatment.

In high doses, ibuprofen inhibits the migration, ad-
herence, swelling, and aggregation of neutrophils, as
well as the release of lysosomal enzymes.”"'® The safety
record for ibuprofen has made it acceptable for over-
the-counter sale, and there is more experience with
this drug than with other nonsteroidal antiinflammato-
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P=0.02), and weight (as a percentage of ideal body
weight) was better maintained in the former group
(P=0.02). Among the patients who took ibuprofen for four
years and had at least a 70 percent rate of compliance,
the annual rate of change in FEV, was even slower
(—1.48=+0.69 percent vs. —3.57+0.65 percent in the pla-
cebo group, P=0.03), and this group of patients also had
a significantly slower rate of decline in forced vital capac-
ity, the percentage of ideal body weight, and the chest-
radiograph score. There was no significant difference be-
tween the ibuprofen and placebo groups in the frequency
of hospitalization. One patient was withdrawn from the
study because of conjunctivitis, and one because of epi-
staxis related to ibuprofen.

Conclusions. In patients with cystic fibrosis and mild
lung disease, high-dose ibuprofen, taken consistently for
four years, significantly slows the progression of the lung
disease without serious adverse effects. (N Engl J Med
1995;332:848-54.)

ry drugs in children. In a rat model that mimics the in-
fection and inflammation seen in cystic fibrosis, high-
dose ibuprofen significantly reduced lung inflammation
without increasing the burden of pseudomonas.!” Suit-
able blood levels of ibuprofen can be obtained in pa-
tients with cystic fibrosis, but the appropriate dose can
be determined only by pharmacokinetic analysis.!® The
present trial was designed to determine whether high-
dose ibuprofen, taken consistently, slows the decline of
pulmonary function in patients with cystic fibrosis and
mild lung disease.

METHODS

Study Subjects

From 1988 to 1989, 85 patients with cystic fibrosis, ranging from
5 to 39 years of age, were recruited for the study; 74 were from the
Ciystic Fibrosis Center at Rainbow Babies and Children’s Hospital,
Cleveland, and 11 were from the Cystic Fibrosis Center at Children’s
Hospital Medical Center, Akron, Ohio. Patients were eligible for en-
rollment if they had cystic fibrosis that had been diagnosed according
to the conventional criteria!® and a forced expiratory volume in one
second (FEV)) that was at least 60 percent of the predicted value,
with no use of intravenous antibiotics during the previous two months.
Patients were excluded if they had used corticosteroids (systemic or
inhaled) or nonsteroidal antiinflammatory drugs for more than two
weeks within the previous two years or had inhaled cromolyn sodium
during the six-month period before enrollment. Other criteria for ex-
clusion were hypersensitivity to nonsteroidal antiinflammatory drugs,
allergic bronchopulmonary aspergillosis, a respiratory tract culture
containing Burkholderia cepacia, and hepatic, cardiovascular, renal,
neurologic, hematologic, or peptic ulcer disease. Informed consent was
obtained from all the patients, and the protocols for the study were
approved by the institutional review boards at both hospitals.

Study Design and Tests

The study was a randomized, double-blind, placebo-controlled tri-
al. Randomization was carried out with permuted blocks of four pa-
tients each stratified by age (<13, 13 to 18, and =19 years). Two pa-
tients in cach block were randomly assigned to receive ibuprofen
orally twice daily for four years, and two were assigned to receive pla-
cebo. The randomization code was known only by the pharmacolo-
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gist, who made the treatment assignments, and the pharmacist, who
dispensed the ibuprofen and placebo.

The initial evaluation included a medical-history taking, physical
examination, pulmonary-function testing, chest radiography, sputum
or throat culture, blood chemical measurements, a complete blood
count, analysis of bleeding time, urinalysis, and a stool test for occult
blood. Concomitant therapies were documented. The pharmacoki-
netics of ibuprofen were measured, and adverse effects were deter-
mined with a questionnaire.

Follow-up evaluations were scheduled every three months during
year 1 and every six months thereafter. All base-line evaluations were
repeated at every visit except pulmonary-function tests (performed
every six months), chest radiography (performed yearly), and phar-
macokinetic studies of ibuprofen (performed during year 3 or if body
weight changed by at least 25 percent). All measurements were per-
formed in Cleveland.

Pulmonary-function testing was performed in patients with clini-
cally stable disease with the use of the MedGraphics Pulmonary
Function System 1070-1085 (Medical Graphics, St. Paul, Minn.), ac-
cording to published standards.?’ Bronchodilators were withheld for
at least 12 hours before testing. FEV,, forced vital capacity (FVC),
and forced expiratory flow at 25 to 75 percent of vital capacity
(FEF,; ;5,,) were each expressed as a percentage of the predicted nor-
mal value for the patient’s age, sex, and height.?! Residual volume as
a proportion of total lung capacity (RV/TLC) was determined by
plethysmography.

The patients’ physicians prescribed medications for clinical care
(antibiotics, bronchodilators, pancreatic enzymes, and so forth). The
use of corticosteroids, nonsteroidal antiinflammatory drugs, salicy-
lates, and cromolyn sodium was specifically limited. None of the pa-
tients received other experimental drugs. The study drug was discon-
tinued for any of the following reasons: the development of an illness
affecting the response to the study drug or assessment of clinical sta-
tus, especially an illness requiring prolonged treatment with cortico-
steroids, nonsteroidal antiinflammatory drugs, or cromolyn sodium;
the occurrence of severe adverse effects or hypersensitivity to the
study drug; or noncompliance with the protocol.

Pharmacokinetics of Ibuprofen and Dose Determinations

The study drugs consisted of ibuprofen tablets (200 mg) and pla-
cebo tablets that were identical in appearance (Upjohn, Kalamazoo,
Mich.). Pharmacokinetic analysis was used to determine the dose for
each patient that would result in a peak plasma concentration of 50
to 100 pg per milliliter. The dose was determined at base line, during
year 3, and if there was a weight gain of 25 percent or more. Dose
determinations were performed for all patients, whether they were as-
signed to placebo or ibuprofen, to keep the treatment assignment
concealed. Plasma was obtained before and every 30 minutes after
the administration of ibuprofen (20 to 30 mg per kilogram of body
weight, to a maximum of 1600 mg) for 3 hours. The patients did not
eat or take pancreatic enzymes for two hours after the dose had been
administered. The ibuprofen concentration was measured by high-
performance liquid chromatography.?? If the peak concentration of 50
to 100 ug per milliliter was achieved at a particular dose, that was
the dose given to the patient. If the peak concentration was not
achieved, the dose was altered by the pharmacologist, and the phar-
macokinetic studies were repeated. The number of pills to be taken
was calculated on the basis of these studies.

Assessment of Compliance

Compliance was determined by pill counts and blood monitoring.
Tablets were dispensed every three months. At each visit, the pa-
tients returned all containers received since the previous visit so that
unused pills could be counted. Overall compliance was calculated as
the mean compliance during each interval between visits, weighted
by the length of the interval. Plasma was obtained at each visit for
measurements of ibuprofen and salicylate concentrations, and the
history was taken to monitor the use of other restricted medications.

Analysis of Outcome Measures

The primary outcome measure was the annual rate of change (as
assessed by the slope) of FEV|. Secondary outcome measures were
the annual rate of change in FVC, FEF,; ;5,,, and RV/TLC; the annu-
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al rate of change in the percentage of ideal body weight; the change
in the chest-radiograph score at four years; and the number of hos-
pital admissions and days of care, including the number of days on
which intravenous antibiotics were administered at home.

For changes in pulmonary-function measures and the percentage
of ideal body weight, a mixed-model analysis of variance (SAS Insti-
tute, Cary, N.C.) was used to fit a model that included time, treat-
ment group, and the interaction between time and treatment simul-
taneously, with the results weighted for each patient according to the
number of missing data and the variability of the outcome measures.
The coefficient of time (the slope, or rate of change) estimated for
each treatment group and the interaction between time and treat-
ment were used to test for differences between the groups. Base-line
pulmonary function and age were included as covariates if their con-
tribution to the fit of the model was significant according to likeli-
hood-ratio tests.

Chest radiographs obtained at base line and year 4 were scored
with the method of Brasfield et al.”® by a radiologist and another
trained observer; identifying information and dates on the radio-
graphs were concealed. The mean differences between the scores at
base line and year 4 in the treatment groups were determined with a
t-test. Hospital admissions and days of care were compared with the
Mann—Whitney U test. For all statistical tests, two-tailed P values
less than 0.05 were considered to indicate statistical significance.

Use of Concomitant Therapies

Differences in the frequency of concomitant therapies in the year
before enrollment in the study were compared with a chi-square test.
Changes in the frequency of concomitant therapy from the year be-
fore enrollment to year 4 were assessed by categorical-data modeling
(SAS Institute), which is similar to a two-way analysis of variance for
qualitative data.

Analysis of Adverse Effects

A comprehensive questionnaire, based on the table of adverse ef-
fects of ibuprofen,* was administered by the same research nurse at
all visits. A base-line profile of the frequency and severity of symp-
toms that might be attributable to ibuprofen was established for each
patient and compared with symptoms reported during the trial. Dif-
ferences in the frequency of adverse effects between the ibuprofen
and placebo groups were compared with a chi-square test.

RESULTS
Assignment of Subjects

Forty-two patients were randomly assigned to ibu-
profen, and 43 to placebo. A 13-year-old girl assigned
to ibuprofen withdrew at month 3 because of abdomi-
nal pain and poor compliance with the protocol; all
other patients returned for follow-up and were included
in the intention-to-treat analysis. Fifty-seven patients
(67 percent) met the prospective criteria for completion
of the trial and were included in the completed-treat-
ment analysis. The ibuprofen and placebo groups were
similar at base line for both the intention-to-treat anal-
ysis (Table 1) and the completed-treatment analysis
(data not shown). Reasons for failure to complete the
study did not differ between the two groups (Table 1).
There were no deaths.

Pharmacokinetics and Doses of Ibuprofen

The peak plasma ibuprofen concentration of 50 to
100 ug per milliliter was achieved in all patients at dos-
es of 16.2 to 31.6 mg per kilogram of body weight (Fig.
1). In 11 patients, the values fell outside this range dur-
ing the first study; the peak concentrations were less
than 50 pg per milliliter at doses of 20.4 to 26.5 mg per
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kilogram in 8 patients and more than 100 wg per mil-
liliter at doses of 24.4 to 28.6 mg per kilogram in 3 pa-
tients. During the four years of the study, 37 patients
required a dose adjustment because of a weight gain of
25 percent or more. Follow-up pharmacokinetic studies
during year 3 confirmed that the peak plasma ibupro-
fen concentrations remained within the target range in
all the other patients.

Compliance

In the intention-to-treat analysis, the mean (*SE)
compliance was 68%5 percent for the ibuprofen group
and 72%4 percent for the placebo group. Compliance
did not vary with age. Salicylate was detected once in
each of four patients (one in the ibuprofen group and
three in the placebo group). None of the patients in the
placebo group had detectable plasma concentrations of
ibuprofen on routine monitoring that could not be ac-
counted for by the history. The use of ibuprofen (aside
from the study drug) and other restricted medications
was within the protocol guidelines in both treatment
groups. For four patients, the use of corticosteroids
exceeded the protocol guidelines, and these patients
were therefore excluded from the completed-treatment
analysis.

Outcome Measures

Pulmonary Function

The primary outcome measure, FEV,, declined sig-
nificantly more slowly in the patients assigned to ibu-

Table 1. Characteristics of 84 Subjects with Cystic Fibrosis and
Mild Lung Disease Who Were Randomly Assigned to Receive
Ibuprofen or Placebo.*

IBUPROFEN PLACEBO
CHARACTERISTIC (N=41) (N=43)
Age at enrollment (yr) 14813 134=*1.0
<13 yr (no. of patients) 24 25
=13 yr (no. of patients) 17 18
Sex (M/F) 26/15 24/19

Pulmonary function at enrollment
FEV, (% of predicted value)
FVC (% of predicted value) 101.6+2.0 103.1x2.3
FEF,; ;5,, (% of predicted value) 59.0+3.8 64.3*39
RV/TLC (%) 35+1 34+1

Chest-radiograph score at enrollmentf 17.8€04 17.9%+03

Weight at enrollment (% of ideal body weight) 935*x1.8 945*2.1

Genotype for cystic fibrosis (no. of patients)

85.9*23 89.0x2.7

AF, o/ AF 21 25
AF;/other 18 16
Other/other 2 2
Respiratory tract infected with Pseudomonas aeruginosa 31 29

at enrollment (no. of patients)
Reason for not completing the trial (no. of patients)
Adverse effect
Abdominal pain 2%
Conjunctivitis 1
Epistaxis
Protocol violation
Use of prednisone
Pregnancy
Intercurrent illness
Compliance with regimen <70%
Subject’s preference
Fear of adverse effect
Insufficient commitment

[SSIEN —_0 O N —_
WO We——= oOoh

*Plus—minus values are means *=SE.
+On the 25-point scale developed by Brasfield et al.”?*
£A third patient was lost to follow-up after three months of study.
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Figure 1. Relation between the Dose and Peak Plasma Concen-
tration of lbuprofen in 84 Patients with Cystic Fibrosis and Mild
Lung Disease.

The plotted points represent the doses of ibuprofen necessary to
achieve a peak plasma concentration between 50 and 100 ug
per milliliter in all subjects before enrollment. The dashed lines
at doses of 20 and 30 mg of ibuprofen per kilogram indicate this
dose range. With a mean dose (*=SE) of 25.4+0.3 mg per kilo-
gram, the mean peak plasma concentration of ibuprofen was
71.8+1.3 pg per milliliter.

profen than in those assigned to placebo (Table 2).
Among the patients in the placebo group, the rate of
change in FEV, was similar in the intention-to-treat
and completed-treatment analyses. Among the patients
in the ibuprofen group, however, those who completed
treatment had a slower decline in FEV, than those who
did not complete treatment; in the completed-treat-
ment analysis, FEV, declined 59 percent more slowly in
the ibuprofen group than in the placebo group.

The other pulmonary-function measures, FVC,
FEFy; ;5,,, and RV/TLC, showed a concordant trend in
the intention-to-treat analysis (Table 2). In the com-
pleted-treatment analysis, FVC declined significantly
more slowly in the ibuprofen group than in the placebo
group, and FEF, ,., and RV/TLC showed similar
trends.

For patients who were less than 13 years old at the
time of enrollment, the effect of ibuprofen was even
greater, slowing the rate of decline in FEV, by 65 per-
cent in the intention-to-treat analysis and by 88 percent
in the completed-treatment analysis (Table 3). The re-
sults of other pulmonary-function measures were simi-
lar. Among the older patients, there were no differences
in pulmonary function between the treatment groups

(Table 4).

Other Outcome Measures

The percentage of ideal body weight declined in the
placebo group, but not in the ibuprofen group. This dif-
ference was most pronounced in the completed-treat-
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Table 2. Results of Outcome Measures for All Patients and for Those Who Completed Treatment.

OUTCOME MEASURE

IBUPROFEN PLACEBO

(N=41) (N=43)
mean *SE
Annual rate of change (slope)*
FEV, (% of predicted value) —2.17+0.57 —3.60%+0.55
FVC (% of predicted value) —2.01+0.51 —3.00%+0.50
FEF,; 5, (% of predicted value) —1.75+0.74 —3.67+0.72
RV/TLC (%) —0.43+0.36 0.27+0.35
Weight (% of ideal body weight) 0.05%0.30 —0.94+0.29
Chest-radiograph score —0.63+0.19 —1.16%0.21
Hospital admissions (no.)§ 1.63+0.40 2.56+0.62
Hospital days (no.)§ 23.80*7.81 32.23£9.69

INTENTION-TO-TREAT ANALYSIS

COMPLETED-TREATMENT ANALYSIS

P IBUPROFEN PLACEBO P

VALUE (N=27) (N=30) VALUE
mean *SE

0.02% —1.48+0.69 —3.57+0.65 0.03
0.067 —1.25+0.60 —2.92%+0.52 0.03
0.06 —1.23+0.83 —3.45+1.03 0.09
0.16 —0.91+0.47 0.14x0.45 0.1
0.02 0.38+0.33 —1.06+0.31 0.002
0.06 —0.41x0.22 —1.13+0.26 0.04
0.26 0.67=0.19 2.07£0.66 0.12
0.36 6.22*2.10 22.77%+7.57 0.12

*Calculated for each patient on the basis of actual time (in years) between enrollment date and date of pulmonary-function tests. Groups were compared by mixed-model

analysis of variance.

{The comparison includes age as a covariate.

#Base-line value subtracted from the value at year 4. Groups were compared by t-test.

§Mean number per patient for four years. Groups were compared by the Mann—Whitney U test.

ment analysis and among the patients who were less
than 13 years old. The chest-radiograph score tended
to decline less in the ibuprofen group than in the pla-
cebo group (P=0.06) and declined significantly less
among those who completed treatment with ibuprofen.
These changes did not differ significantly among the
three age subgroups.

Forty-nine percent of the patients in the ibuprofen
group and 40 percent of those in the placebo group
were not hospitalized during the trial, but a few pa-
tients spent considerable time in the hospital. Although
the patients in the ibuprofen group tended to have few-
er hospital admissions and days of care than the pa-
tients in the placebo group, the differences were not
significant, even when only hospitalizations for respira-
tory symptoms were considered.

Concomitant Therapies

The use of concomitant therapies was similar in the
two treatment groups during the one-year period be-
fore enrollment. At year 4 there was a greater increase
in the use of bronchodilators and in-
travenous antibiotics among the pa-
tients in the placebo group (Table 5).

dominal pain (including epigastric pain and heart-
burn) severe enough to discontinue the study drug, one
patient in the placebo group had severe esophagitis on
endoscopy. However, abdominal pain, which is nearly
universal in patients with cystic fibrosis, decreased in
many cases. The proportion of patients in whom ab-
dominal pain increased was similar in the two treat-
ment groups (Table 6). The use of antacids or Hy-recep-
tor antagonists increased no more in the ibuprofen
group than in the placebo group (Table 5). The fre-
quency or severity of other possible adverse effects did
not differ between the two groups.

DISCUSSION

A regimen of high-dose ibuprofen for four years sig-
nificantly slowed the progression of lung disease in pa-
tients with cystic fibrosis who were over five years of
age and whose disease was mild at the outset. The ef-
fect was particularly evident in patients who completed
treatment and in those who were initially less than 13
years old. In addition, weight (expressed as a percent-

Table 3. Results of Outcome Measures for Patients Who Were Initially Less Than 13

Years of Age.

OUTCOME MEASURE

Adverse Effects
Nine patients (five in the ibupro-
fen group and four in the placebo
group) discontinued the study drug
because of adverse effects (Table 1).
However, there was a high preva-
lence of these symptoms at base line
(Table 6). Adverse effects were clear-
ly related to the use of ibuprofen in
one patient with conjunctivitis and
in one with epistaxis. These pre-
existing problems worsened with the
administration of the study drug,
improved with the withdrawal of the

(slope)*
FEV1 (% of pre-
dicted value)

value)
FEF,5 554, (% of
predicted value)
RV/TLC (%)
Weight (% of ideal
body weight)

Hospital days (no.):

Annual rate of change

FVC (% of predicted

Chest-radiograph scoret
Hospital admissions (no.)f

INTENTION-TO-TREAT ANALYSIS COMPLETED-TREATMENT ANALYSIS

IBUPROFEN PLACEBO P IBUPROFEN PLACEBO P
(N=24) (N=25) VALUE (N=17) (N=19) VALUE
mean *SE mean *SE
—1.49+0.77 —4.20%£0.75 0.01 —-0.44*=0.86 —3.82*0.82 0.005
—1.83+0.70 —3.86+£0.69 0.04 —0.53%x0.68 —3.68*0.64 0.001
—0.51+0.99 —3.41£0.96 0.04 0.07x1.24 —-297*1.17 0.08
—1.09+0.51 0.03+0.50 0.12 —1.50%+0.63 0.29+0.60 0.17
—0.05+0.41 —1.50£0.40 0.01 0.23+0.46 —1.42+0.43 0.01
—0.67£0.24  —1.1220.26 0.21 —-0.35%0.23 —1.00£0.29 0.09
1.25+0.49 2.28%0.74 0.16 0.53£0.19 221094 0.12
19.17+10.34  25.00%£8.73 0.28 5.12%x2.16  22.16%£10.39 0.18

drug, and worsened on repeated
challenge.
Of the seven patients with ab-

*Calculated for each patient on the basis of actual time (in years) between enrollment date and date of pulmonary-function
tests. Groups were compared by mixed-model analysis of variance.

fBase-line value subtracted from the value at year 4. Groups were compared by t-test.
$Mean number per patient for four years. Groups were compared by the Mann—Whitney U test.
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age of ideal body weight) was better maintained in the
ibuprofen group. The effect of ibuprofen was sustained
throughout the four-year trial, and the values for the
outcome measures between the treatment groups con-
tinued to diverge at the end of the trial.

FEV, was selected as the primary outcome measure
because multivariate analyses, including those per-
formed in the patient population at our center, indicat-
ed that, of the pulmonary-function measures, FEV,
best predicts mortality.?>? In the intention-to-treat
analysis, FEV, declined significantly more slowly in the
ibuprofen group than in the placebo group, and there
was a trend toward similar improvement in the other
measures. In the completed-treatment analysis, the
rate of decline in FEV, and FVC differed significantly
between the treatment groups.

Consideration of the results of the completed-treat-
ment analysis is appropriate for several reasons. First,
this subgroup analysis was specified prospectively on
the assumption that the drug would not benefit those
who did not take it, particularly during a period of four
years. Second, in the completed-treatment analysis, the
decline in pulmonary function was slower only in the
ibuprofen group, not in the placebo group, suggesting
that the drug, not simply compliance, makes the differ-
ence. Third, adverse effects, which make an intention-
to-treat analysis critical in trials in which adverse
effects of drugs are severe, were similar in the two
treatment groups. In addition, the results of the inten-
tion-to-treat and completed-treatment analyses were
similar.

The effect of ibuprofen is clinically important, signif-
icantly affecting two characteristics that have been as-
sociated with mortality among patients with cystic fi-
brosis: FEV, and the percentage of ideal body weight.
In the intention-to-treat analysis, FEV, declined 40
percent less among the patients assigned to ibuprofen
than among those assigned to placebo. Moreover, the

Table 4. Results of Outcome Measures for Patients Initially 13
Years of Age or Older.*

OUTCOME MEASURE INTENTION-TO-TREAT ANALYSIS

IBUPROFEN PLACEBO P
(N=17) (N=18) VALUE

mean *SE

Annual rate of change (slope)

FEV, (% of predicted) —3.13x20.78 —2.77%0.76 0.75
FVC (% of predicted) —2.28%+0.66 —1.81+0.64 0.61
FEF,; 55, (% of predicted) —3.52+1.04 —4.01£1.01 0.74
RV/TLC (%) 0.50+0.44 0.60+0.43 0.88
Weight (% of ideal body weight) 0.19%+0.35 —0.15+0.34 0.49
Chest-radiograph scorei —0.59+0.31 —1.22+0.36 0.19
Hospital admissions (no.)§ 2.18+0.68 2.94+1.08 0.84
Hospital days (no.)§ 30.35+12.09 42.28+19.87 0.86

*Since the differences in the intention-to-treat analysis were not significant for any measure,
the data from the completed-treatment analysis are not shown.

FCalculated for each patient on the basis of actual time (in years) between enrollment date
and date of pulmonary-function tests. Groups were compared by mixed-model analysis of var-
iance.

iBase-line value subtracted from value at year 4. Groups were compared by t-test.

§Mean number per patient for four years. Groups were compared by the Mann—Whitney
U test.
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Table 5. Use of Concomitant Therapies at Base
Line and Year 4.

IBUPROFEN PLACEBO P
THERAPY (N=41) (N=43) VALUER
BASE BASE
LINE* YEAR 4% LINE* YEAR 41
% of patients
Mucus clearance 83 76 79 84 0.19
Bronchodilators 49 56 35 70 0.03
Antibiotics
Oral 95 90 86 91 0.28
Inhaled 54 54 51 56 0.35
Intravenous 27 29 14 37 0.04
Pancreatic enzymes 88 85 93 93 0.15
Antacids or H,- 32 56 21 53 0.51
antagonists

*For one year before enrollment.
FFor one year from month 37 through month 48.

$For the comparison of the change over time in the use of therapy be-
tween the ibuprofen group and the placebo group.

patients in the ibuprofen group maintained their
weight, whereas the patients in the placebo group lost
4 percentage points of ideal body weight during the tri-
al. The effect of ibuprofen was concentrated among the
younger patients: there was no significant treatment ef-
fect among the older patients. Among the patients in
the ibuprofen group who were less than 13 years old
initially and who completed treatment, the rate of de-
cline in FEV, was reduced by 88 percent, so that by the
end of four years, FEV, had declined by less than 2 per-
cent of the predicted value, as compared with a decline
of over 15 percent of the predicted value in the placebo
group. Similarly, whereas the younger patients treated
with ibuprofen gained almost 1 percentage point of ide-
al body weight over a period of four years, the younger
patients treated with placebo lost 6 percentage points.
If FEV, and relative underweight predict mortality
among patients with cystic fibrosis*>**?® and if ibuprofen
slows the decline in these measures, then ibuprofen
may prolong survival.

The better results in the ibuprofen group cannot be
attributed to more intensive conventional treatment or
to a lower frequency of pseudomonas infection, since
these variables were similar in the two treatment
groups at base line, and the frequency of new cases of
pseudomonas infection was similar in the two groups
during the trial (data not shown). The use of concomi-
tant therapies was also similar, except that the use of
bronchodilators and intravenous antibiotics increased
significantly in the placebo group.

We evaluated antiinflammatory therapy in patients
with mild lung disease because such patients have sub-
stantial airway inflammation even when they appear to
be clinically stable.?” Antiinflammatory therapy should
have the greatest effect before fixed structural damage
develops. Also, FEV, declines more rapidly in patients
with mild disease than in those with more severe dis-
ease, so fewer subjects are required to demonstrate a
benefit from an effective intervention.

We chose a peak plasma ibuprofen concentration of
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Table 6. Prevalence of Possible Adverse Effects of
Ibuprofen Therapy during the Four-Year Study

Period.
IBUPROFEN ~ PLACEBO
ADVERSE EFFECT (N=41)* (N=43)
no. of patients

Abdominal pain

Base linef 38 38

New or increased 5 7

Severe enough to discontinue therapy 2 4

Decreased 16 19
Conjunctivitis

Base linet 11 13

New or increased 4 7

Severe enough to discontinue therapy 1 0

Decreased 2 3
Epistaxis

Base linef 20 19

New or increased 7 6

Severe enough to discontinue therapy 1 0

Decreased 2 1

*One additional patient with abdominal pain was lost to follow-up after
three months.

FHistory of symptom.

50 to 100 pg per milliliter as a target on the basis of
concentration—response data in the literature and our
own previous work. Our goal was to achieve the inhib-
itory effect of ibuprofen on neutrophil activation and
migration, which generally occurs at concentrations
over 50 wpg per milliliter.”'® In pseudomonas-infected
rats treated with ibuprofen twice daily, a mean peak
plasma concentration of 55 ug per milliliter significant-
ly reduced lung inflammation, as compared with that in
controls, and resulted in better weight gain without
worse infection.!” With a dose of 20 to 30 mg of ibupro-
fen per kilogram, the influx of neutrophils to the alve-
olar crevices of the oral mucosa was reduced in sub-
jects with cystic fibrosis and in normal controls.??
However, low doses of ibuprofen (2 to 3 mg per kilo-
gram) increased the influx of neutrophils, arousing
concern that inadequate peak concentrations might be
detrimental. This dose-related response was also ob-
served in a rat model of endotoxin-induced alveolitis."
Because low peak concentrations might be detrimental,
we chose 50 wg per milliliter as the lower limit of our
dose range. Although the target peak concentration
was ultimately achieved with a dose of 20 to 30 mg per
kilogram in 90 percent of our patients, it was not pos-
sible to predict the dose in an individual patient.

Adverse effects and study dropouts were evenly dis-
tributed between the two treatment groups. Abdominal
pain is reportedly common with ibuprofen therapy.2* It
also occurs in association with cystic fibrosis. During
this trial, as we observed previously,'® more patients in
both treatment groups reported improvement than
worsening of abdominal pain. The use of antacids and
H,-receptor antagonists was evenly distributed between
the two groups. Thus, we have no evidence of an ibu-
profen-related increase in abdominal pain. However,
this study was too small to detect reliably even a com-
mon drug-related complication, and negative data
should be interpreted with caution.
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Two adverse effects, conjunctivitis and epistaxis, ap-
peared to be directly related to ibuprofen. The mecha-
nism underlying conjunctivitis is unknown. Preexisting
epistaxis may be exacerbated by ibuprofen, since it in-
terferes with platelet aggregation. Ibuprofen should be
used cautiously during episodes of epistaxis and possi-
bly hemoptysis.

In summary, high doses of ibuprofen significantly
slowed the progression of lung disease during a period
of four years in patients with cystic fibrosis who had ini-
tially mild lung disease, without unacceptable adverse
effects. These results are clinically important and war-
rant the evaluation of patients who have cystic fibrosis
with an FEV, of at least 60 percent of the predicted val-
ue, particularly younger patients, for therapy with high-
dose ibuprofen. Monitoring by physicians for adverse
effects and adequate doses is essential. Ibuprofen ther-
apy will not add much to the cost of care (less than
$200 annually for the highest dose).

Antiinflammatory agents represent a new strategy in
the treatment of patients with cystic fibrosis and mild
lung disease, augmenting conventional therapy as prac-
ticed in the two centers participating in this study. Our
results should encourage further research with other
dose schedules or other agents directed against lung in-
flammation in patients with cystic fibrosis.
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M.D,, Robert Stern, M.D., and the physicians of the Cystic Fibrosis
Ceenter in Cleveland for the recruitment and care of patients; to Rob-
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in Akron, Ohio, for the recruitment and care of patients; to Gail
Anthony, Georgette DeRivera, Marvin Lough, and Angel Martinez
for pulmonary-function testing; to Betsy Bryson, Joanne Celestina,
Cathy Demko, Zenovia Fakkas, Jay Hilliard, Kate Hilliard, Steve In-
galls, Jeanne Knesebeck, Sandi Lederman, Paul Minkler, Maria Oc-
chionero, and Stephanie Supers for assistance with the conduct of the
trial; to Saul Millman and Tom Irwin, the research pharmacists; to
the nurses and administrative staff of the Clinical Research Center;
to Robert Konstan, M.D,, for scoring the chest radiographs; to Stacey
FitzSimmons, Ph.D., Arnold Smith, M.D., and Bruce Thompson,
Ph.D., the Data Review Committee; to Peter Chelune and associates
at the Upjohn Company for providing the ibuprofen and placebo tab-
lets and the randomization code; to the Cystic Fibrosis Foundation for
their support; and to the patients and families for their participation.
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