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Abstract
Rationale—Leukotrienes have been implicated in the pathogenesis of acute exacerbations of
COPD, but leukotriene modifiers have not been studied as a possible therapy for exacerbations.

Objective—We sought to test the safety and efficacy of adding oral zileuton (a 5-lipoxygenase
inhibitor) to usual treatment for acute exacerbations of COPD requiring hospitalization.

Methods—Randomized double-blind, placebo-controlled, parallel group study of zileuton 600
mg orally, 4 times daily versus placebo for 14 days starting within 12 hours of hospital admission
for COPD exacerbation. Primary outcome measure was hospital length of stay; secondary
outcomes included treatment failure and biomarkers of leukotriene production.

Main Findings—Sixty subjects were randomized to zileuton and 59 to placebo (the study was
stopped short of enrollment goals because of slow recruitment). There was no difference in
hospital length of stay (3.75±2.19 vs. 3.86±3.06 days for zileuton vs. placebo, p=0.39) or
treatment failure (23% vs. 27% for zileuton vs. placebo, p=0.63) despite a decline in urinary LTE4
levels in the zileuton-treated group as compared to placebo at 24 hours (change in natural log-
transformed ng/mg creatinine −1.38± 1.19 vs. 0.14±1.51, p<0.0001) and 72 hours (−1.32±2.08 vs.
0.26±1.93, p<0.006). Adverse events were similar in both groups.

Principal Conclusions—While oral zileuton during COPD exacerbations that require hospital
admission is safe and reduces urinary LTE4 levels, we found no evidence suggesting that this
intervention shortened hospital stay, with the limitation that our sample size may have been
insufficient to detect a modest but potentially meaningful clinical improvement.

Keywords
Chronic Obstructive Pulmonary Disease (COPD); Acute exacerbation of COPD (AECOPD);
Leukotrienes; Zileuton; Clinical trial

INTRODUCTION
In 2000, COPD exacerbations were responsible for 726,000 hospitalizations and 119,000
deaths in the United States (1). Patients admitted to U.S. hospitals for COPD in 2002 had a
mean length of stay (LOS) of 5.1 days and accounted for $15,400 in charges per patient (2).
Usual management of acute exacerbations of COPD (AECOPD) consists of bronchodilators,
corticosteroids, and antibiotics and, with the exception of the use of noninvasive ventilation,
has not changed in the last 30 years.
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Leukotrienes are inflammatory mediators that are derived from arachidonic acid, initially
through 5-lipoxygenase enzymatic activity. Subsequent enzymatic steps generate either
LTB4, which mediates neutrophil and T-cell chemotaxis, or the cysteinyl leukotrienes
(LTC4, LTD4, LTE4), which cause smooth muscle contraction, tissue edema, inflammatory
cell chemotaxis, and mucus production (3). Our rationale for a clinical trial of leukotriene
blockade in AECOPD included: 1) prior clinical studies which implicate both of these
classes of leukotrienes in the pathophysiology of AECOPD (4–8), and 2) cross-sectional
studies, which have found increased serum and exhaled breath condensate LTB4 levels in
patients with COPD despite corticosteroid use (9, 10) (suggesting that any benefit of LTB4
blockade might be additive to those of corticosteroids).

Despite these data, clinical trials of anti-leukotriene therapy in COPD have focused
exclusively on stable disease (11, 12). To date, there are no published randomized trials of
anti-leukotriene therapy in AECOPD. However, a prior randomized controlled trial
demonstrated rapid improvements in FEV1 and a reduction in treatment failure with the use
of leukotriene receptor blockade for the treatment of asthma exacerbations in the emergency
department (13).

Based on studies of mediators of inflammation in COPD, clinical trials of anti-leukotriene
therapy in stable COPD, and a clinical trial of anti-leukotriene therapy in exacerbations of
asthma, we hypothesized that anti-leukotriene therapy would provide a novel therapeutic
approach to AECOPD requiring hospitalization. Our primary goal was to reduce hospital
LOS. As prior data implicates both cysteinyl leukotrienes and LTB4 in AECOPD, we
studied pharmacologic inhibition of 5-lipoxygenase with zileuton, because this agent should
block production of both of these classes of leukotrienes. To determine whether our
intervention had the intended biological effect, we measured urinary LTE4 and serum LTB4
levels in our subjects.

MATERIALS AND METHODS
Study design

We performed a double-blind, placebo-controlled, parallel group study with subjects
randomized to receive either zileuton tablets 600 mg or placebo tablets orally, 4 times per
day for 14 days (Figure 1, ClinicalTrials.gov identifier NCT00493974). Subjects were
enrolled at 12 U.S. hospitals. After obtaining informed consent, the enrollment visit included
spirometry (if the patient’s condition allowed) within 2 h following an inhaled β-agonist
bronchodilator. Inpatient follow-up took place at 24 and 72 h, every 48 h thereafter during
the remainder of the hospitalization and on the day of discharge. At admission, we
recommended a standardized approach to therapy, which included albuterol and ipratropium
bromide, a 14-day course of systemic corticosteroids beginning with at least 40 mg of
prednisone per day (or its equivalent) and a course of an antibiotic selected on the basis of
local resistance patterns to S. pneumonia, H. influenza, and M. catarrhalis.

After discharge, subjects were followed by telephone contact at day 7, and by outpatient
clinic visits at day 14 and day 30. Urinary LTE4 levels were measured at enrollment, 24 and
72 h, and serum LTB4 levels were measured at enrollment and at 30 days. The study was
approved by local Institutional Review Boards and all patients provided written informed
consent. The principal investigator (PGW) had full access to all the data in the study and
takes responsibility for the integrity of the data and the accuracy of the data analysis,
including any adverse effects. The study was approved by the Institutional Review Board
(IRB) at each of the participating sites Additional detail on IRB approvals and study
contacts is provided in the supplementary methods section.
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Study population
Male and female patients, age >45 years, were eligible if they had an admitting diagnosis of
AECOPD (defined as an acute increase in dyspnea, sputum volume, and/or sputum
purulence without other attributable cause). Other inclusion criteria were ≥10 pack-years
smoking history and an FEV1 < 60% predicted at time of inclusion or an inability to perform
spirometry due to dyspnea. We required informed consent be completed within 12 h of the
decision to admit the subject and study medication was administered as soon as possible
after consent (i.e., after establishing eligibility and using the existing inpatient pharmacy
procedures). Exclusion criteria, randomization procedures and criteria for discontinuation of
study medication are provided in the supplementary methods section.

Pre-specified endpoints
The primary outcome was hospital LOS which was recorded in days after review of the
discharge summary. Secondary outcomes included: 1) treatment failure at or before 30 days
(defined as death, intubation, readmission to a hospital for COPD, urgent visit to an
outpatient or emergency department provider for symptoms of COPD or intensification of
therapy including second course of antibiotics for COPD, and/or a second course of
systemic steroids for COPD); 2) change in FEV1, FEV1/FEV6 and breathlessness during
hospitalization; and 3) change in urinary LTE4 (from baseline to 24 and 72 h) or serum
LTB4 levels (from baseline to 30 days).

Biomarker analyses
Urinary LTE4 levels were measured using UPLC/ESI-MS/MS at Vanderbilt University
(Milne Laboratory). Serum LTB4 levels were measured using a commercially available
forward sequential competitive binding assay (LTB4 Parameter Assay Kit, R&D Systems,
Minneapolis, MN) performed in duplicate per manufacturer’s instructions. Additional details
are provided in the supplementary methods section.

Statistical methods
The pre-specified approach to analyzing LOS was to compare the two groups with or
without truncating at 10 days to temper the influence of long hospital stays as these are
frequently due to non-medical causes or to problems that are unrelated to COPD. Groups
were compared using the Wilcoxon rank sum test. The study was designed to enroll a total
of 520 subjects (one-half randomized to each arm) to achieve 90% power to detect a mean
0.75-day difference in hospital LOS between the 2 groups. Pre-specified secondary analyses
applied Cox regression for analysis of LOS while controlling for potential confounders.
Treatment failure in the two groups was compared using the chi-square test. Differences in
improvement in spirometric outcomes, urinary LTE4 levels and serum LTB4 levels were
compared using the Student’s t-test (biomarker levels were natural log-transformed for
normality). Data are expressed ± 1SD, unless otherwise stated. A p-value <0.05 was taken as
statistically significant.

RESULTS
Subjects

The study was terminated early on the recommendation of the Data and Safety Monitoring
Board due to inability to meet anticipated recruitment goals. This was related to a lower than
expected rate of emergency department visits and hospitalizations than suggested by the
literature and by epidemiologic data collected from the participating centers. A total of 151
subjects were screened for this study and 32 were excluded because they did not meet
inclusion criteria (n = 24) or did not consent (n = 8, Figure 2). The remaining 119 subjects
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were randomized; 59 to placebo and 60 to zileuton. Subjects did not differ with respect to
baseline characteristics, although spirometric evaluation was performed in only
approximately a quarter of subjects because of patient dyspnea (Table 1).

Overall, subjects were consented a mean of 5.7±4.5 h after admission. No differences were
observed in other treatments during the hospitalization (Table 2). A similar number of
subjects in both groups completed the final study visit (45/59, 76% randomized to placebo
[6 withdrew, 6 were lost to follow-up and 2 died] versus 47/60, 78% randomized to zileuton
[8 withdrew, 4 were lost to follow-up and 1 died], Figure 2). Study drug was administered a
mean of 14.1±6.9 h after admission in the zileuton group and 15.4±7.8 h after admission in
the placebo group (p = 0.38).

Hospital length of stay
When analyzed without truncation, the average LOS was 3.92 ± 2.80 days for zileuton vs.
4.76 ± 5.84 days for placebo, p = 0.39. When truncated at 10 days, the mean LOS was 3.75
± 2.19 days for zileuton vs. 3.86 ± 3.06 days for placebo, p = 0.39. Although the proportion
of subjects who remained hospitalized was numerically greater with zileuton than placebo
until day 5 and then greater with placebo thereafter (Figure 3), Cox proportional hazards
analysis controlling for age, gender and pack-years showed no effect of the intervention on
LOS (Hazard ratio 0.96; 95% confidence interval [95% CI], 0.64–1.42). Post-hoc power
calculations indicated that our sample size provided approximately 80% power to detect a
difference between the groups of 1.2 days LOS (e.g., 4.2 in placebo, 3.0 in zileuton). If these
results were to be used as pilot data to develop sample size estimates for another prospective
clinical trial (alpha = 0.05 two-sided, power = 80%), the total sample size required would
range from 946 subjects (using untruncated LOS) to 17,544 total subjects (using truncated
LOS data).

Secondary outcomes
We found no difference in treatment failure at 30 days between intervention and placebo
with 14/60 (23%) experiencing any treatment failure in the zileuton group vs. 16/59 (27%)
in the placebo group, p = 0.63 (Table 3). We found no between group differences in change
in spirometric measures although baseline data were sparse due to dyspnea (change in post-
BD FEV1 from baseline to 14 days of 390 ± 140ml with zileuton [n = 13] vs. 220 ± 100 ml
with placebo [n = 12], p = 0.33). Available spirometric data at the 30-day visit did not differ
between groups (Table 4).

Biomarker measurements
Urinary LTE4 levels were measured at enrollment, 24 h and 72 h. The within-person change
in urinary LTE4 levels in subjects treated with zileuton demonstrated a statistically
significantly decline as compared to the change observed in placebo treated subjects at 24
hours (change in natural log transformed ng/mg creatinine −1.38 ± 1.19 [n = 49 zileuton] vs.
0.14 ± 1.51 [n = 46 placebo], p<0.0001) and at 72 hours (−1.32 ± 2.08 [n = 27 zileuton] vs.
0.26 ± 1.93 [n = 26 placebo], p<0.006, respectively) (Figure 4, top).

These changes reflected a 75% reduction in geometric mean LTE4 levels at 24 hours (0.08
to 0.02 ng/mg creatinine) and a 71% reduction at 72 h (0.08 to 0.023 ng/mg creatinine) with
zileuton. By comparison, geometric mean LTE4 levels were relatively constant in the
placebo group (0.044, 0.054 and 0.049 ng/mg creatinine at enrollment, 24 hours and 72
hours, respectively). Serum LTB4 levels were measured at enrollment and at 30 days. There
was no statistically significant difference in the change in LTB4 level at 30 days between
treatment groups (−0.51 ± 1.15 [n = 21 zileuton] vs 0.02±1.24 pg/ml [n = 16 placebo], p =
0.19) (Figure 4, bottom), despite a non-significant decline in geometric mean LTB4 level of
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40% with zileuton (from 128 to 77 pg/ml) versus a 3% increase with placebo (from 112 to
115 pg/ml).

Adverse events
We found no significant difference in total adverse events or in serious adverse events
between groups (Table 5). There were 3 deaths in the placebo group and 1 in the zileuton
group. We found no significant differences in AST or ALT at baseline, or at day 14 between
treatment groups, nor any differences in change in white blood cell count or the
development of clinical pneumonia during the study (3 in the zileuton group vs. 2 with
placebo).

DISCUSSION
The important findings of this study were that, despite biomarker analyses indicating that
zileuton decreased urinary LTE4 levels at 24 and 72 hours, we found no clinically or
statistically significant effect of zileuton on hospital LOS or on any of our pre-specified
secondary clinical outcomes. Although our enrollment fell short of projected values, a post-
hoc power calculation indicated that our sample size conferred 80% power to detect a
difference in LOS of 1.2 days, an effect comparable to that observed with the use of
systemic steroids (14). Because zileuton was typically added to concomitant steroid therapy
in our trial, it is unlikely that zileuton would result in such a substantial benefit.

Thus, although zileuton had the intended biological effect on cysteinyl leukotriene
production, our sample size was insufficient to detect a modest but potentially meaningful
clinical improvement. On the other hand, should these data be used to design another
prospective trial, the required sample size would be between ~1,000 and 17,000 subjects
(using untruncated and truncated LOS data, respectively).

Several laboratory and clinical studies support a key role for leukotrienes in the pathogenesis
of inflammation in stable COPD. Expression of two LTB4 receptors, BLT1 and PPARα, is
increased in alveolar macrophages and airway wall leukocytes in surgical lung specimens
from patients with COPD (15). LTB4 levels are elevated in exhaled breath condensate (9,
16), sputum (16) and serum (10) in patients with stable COPD as are plasma levels of the
cysteinyl leukotriene, LTC4 (8). To date, 2 clinical trials of anti-leukotriene therapy in stable
COPD have been published (11, 12).

The first was a randomized single-blind controlled trial that compared daily therapy with
montelukast to placebo in 117 patients over 2 months (11). Significant improvements in
FVC, FEV1, PaO2 and St. George’s Respiratory Questionnaire (SGRQ) scores (p < 0.05)
were observed in the montelukast group with no comparable improvements in the placebo
group, but between-group comparisons were not reported. The second was a small (n = 17)
phase II randomized, double-blind, placebo-controlled, parallel-group trial of the effect of an
oral leukotriene synthesis inhibitor BAYx1005 (500 mg twice daily) on sputum biomarkers
(12). Sputum LTB4 levels were reduced, but no differences were observed in sputum
myeloperoxidase concentration or neutrophil chemotaxis between the 2 treatment arms.

Observational studies also support a possible role for leukotrienes in AECOPD. Two prior
studies found that blood LTE4 levels were elevated in acute exacerbations and that levels
decreased with treatment (4, 17). Similarly, sputum and exhaled breath condensate LTB4
levels are elevated in AECOPD and decline with treatment (5–7). In an accompanying in
vitro study, Crooks and colleagues (6) showed that LTB4 contributed approximately 30% of
total neutrophil chemotactic activity in the sputum of these subjects during acute
exacerbations.
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Despite this rationale and clear evidence of effects of the leukotriene inhibitor on leukotriene
levels, we did not find that the use of zileuton, when added to usual treatment of AECOPD,
adds clinical benefit. In addition to the sample size issues discussed above, an important step
in interpreting a negative clinical trial outcome is to document that the intervention achieved
its intended pharmacologic effect. We found that treatment with zileuton was associated
with a rapid reduction in urinary LTE4 levels as compared to placebo, indicating that the
intended pharmacologic effect was achieved. The effect of zileuton on LTB4 production
during the acute exacerbations is uncertain. Serum samples were only available at
enrollment and at the end of the study (30 days) so the effect on LTB4 levels during the
AECOPD could not be assessed.

The subjects whom we enrolled had relatively severe COPD at baseline which might have
influenced the likelihood that leukotriene antagonism would be beneficial during an
exacerbation. Overall, approximately half of our subjects were using home supplemental
oxygen at baseline, and half reported history of a hospital visit for COPD in the last year
(Table 1). Available spirometric data from the 30-day visit (in recovery) suggest that more
than half of the subjects had GOLD stage III and IV disease (Table 4). Thus, our strategy of
studying patients admitted to the hospital with AECOPD yielded patients with relatively
severe COPD at baseline, and this could limit the absolute benefit of interventions made
during exacerbations through a “ceiling effect”. However, our decision to study inpatients
was based on a desire to reduce the high cost and health impact of those acute exacerbations
which require hospitalizations.

In summary, our data indicate that 5-lipoxygenase inhibition reduces cysteinyl leukotriene
levels in hospitalized patients with AECOPD. Whether this pharmacologic effect leads to
improvements in clinically relevant outcomes (hospital LOS and treatment failure) is
uncertain because early termination of the study limited our statistical power to detect
modest but clinically meaningful improvements. Finally, we found that 5-lipoxygenase
inhibition had no discernable adverse effects in AECOPD. These safety data, obtained in
relatively sick patients with acute exacerbations of lung disease, may inform the
development of further clinical trials of this strategy in stable COPD or in other
inflammatory diseases.
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FEV1 volume of air exhaled in the first second of a forced expiratory maneuver

FVC forced vital capacity

COPD chronic obstructive pulmonary disease

AECOPD acute exacerbation of COPD

QID four times daily

LTE4 leukotriene E4

LTC4 leukotriene C4

LTD4 leukotriene D4

LTB4 leukotriene B4

LOS length of stay

SD standard deviation

CI confidence interval
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Figure 1.
Study schematic. If patients remained hospitalized, they were visited as inpatients at the 7-,
14- and 30-day visits.
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Figure 2.
Consort flow chart.
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Figure 3.
There was no statistically significant difference in hospital length of stay (the primary
outcome) between groups (hazard ratio 0.96; 95% confidence interval [95% CI], 0.64–1.42).
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Figure 4.
Urinary LTE4 and serum LTB4 levels. (A) Urinary LTE4 levels declined with zileuton as
compared to placebo at 24 h (p<0.001) and 72 h (p = 0.006). (B) There was no statistically
significant difference in the change in serum LTB4 levels at 30 days between treatment
groups (p = 0.19), despite a non-significant decline in geometric mean LTB4 level of 40%
with zileuton.
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Table 3

Treatment failure by intervention group

Treatment failure Placebo Zileuton

Death 2 1

Intubation 1 1

Readmission 7 7

Urgent visit 6 7

Intensification of therapy 11 11
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Table 4

Spirometric data at the 30-day visit

Post-Bronchodilator spirometry Placebo n = 32* Zileuton n = 39* p-value

FEV1 (L) 1.05±0.47 1.28±0.69 0.11

FEV1 (% predicted) 37.3±15.1 41.6±21.1 0.33

FVC 2.46±0.96 2.59±0.90 0.55

FEV1/FVC 43.6±13.5 47.8±17.8 0.28

GOLD Stage

 GOLD I 0 1 (3%) 0.24

 GOLD II 5 (15%) 12 (31%)

 GOLD III 14 (44%) 10 (25%)

 GOLD IV 13 (41%) 16 (41%)

*
92 of the 119 participants completed the 30-day visit, and 21 of these 92 did not have spirometry due to refusal, intercurrent illness or because the

visit was done by telephone.
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Table 5

Serious adverse events

Placebo n = 59 Zileuton n = 60 p-value

Number of SAEs 21 17 0.40

Number of participants having SAEs 18 16 0.64

Number of deaths 3* 1 0.30

Total COPD related SAEs 13 9 0.32

Number of participants with COPD related SAEs 11 8 0.43

*
1 respiratory death occurred on day 34 (after the final visit) and therefore is not reflected in study drop-outs.
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