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ABSTRACT

Background and Methods Although their clinical
efficacy is unclear and they may cause serious ad-
verse effects, systemic glucocorticoids are a stand-
ard treatment for patients hospitalized with exacer-
bations of chronic obstructive pulmonary disease
(COPD). We conducted a double-blind, randomized
trial of systemic glucocorticoids (given for two or
eight weeks) or placebo, in addition to other thera-
pies, for exacerbations of COPD. Most other care
was standardized over the six-month period of fol-
low-up. The primary end point was treatment failure,
defined as death from any cause or the need for
intubation and mechanical ventilation, readmission
to the hospital for COPD, or intensification of drug
therapy.

Results Of 1840 potential study participants at 25
Veterans Affairs medical centers, 271 were eligible
for participation and were enrolled; 80 received an
eight-week course of glucocorticoid therapy, 80 re-
ceived a two-week course, and 111 received placebo.
About half the potential participants were ineligible
because they had received systemic glucocorticoids
in the previous 30 days. Rates of treatment failure
were significantly higher in the placebo group than
in the two glucocorticoid groups combined at 30 days
(33 percent vs. 23 percent, P=0.04) and at 90 days
(48 percent vs. 37 percent, P=0.04). Systemic gluco-
corticoids (in both groups combined) were associat-
ed with a shorter initial hospital stay (8.5 days, vs.
9.7 days for placebo; P=0.03) and with a forced ex-
piratory volume in one second that was about 0.10
liter higher than that in the placebo group by the first
day after enrollment. Significant treatment benefits
were no longer evident at six months. The eight-
week regimen of therapy was not superior to the
two-week regimen. The patients who received glu-
cocorticoid therapy were more likely to have hyper-
glycemia requiring therapy than those who received
placebo (15 percent vs. 4 percent, P=0.002).

Conclusions Treatment with systemic glucocorti-
coids results in moderate improvement in clinical out-
comes among patients hospitalized for exacerbations
of COPD. The maximal benefit is obtained during the
first two weeks of therapy. Hyperglycemia of suffi-
cient severity to warrant treatment is the most fre-
quent complication. (N Engl J Med 1999;340:1941-7.)
©1999, Massachusetts Medical Society.

ATIENTS with chronic obstructive pulmo-

nary disease (COPD) frequently have exac-

erbations that require hospitalization. Hos-

pital treatment for this common condition is
associated with high costs and relatively poor out-
comes.! In addition to antibiotics, oxygen, and bron-
chodilators, most hospitalized patients receive sys-
temic glucocorticoids. Less severely ill patients often
receive oral glucocorticoids as outpatients.

Systemic glucocorticoids improve outcomes in pa-
tients with acute asthma,? but their clinical efficacy in
the treatment of COPD is less clear. Two small trials
suggested that several days of therapy with systemic
glucocorticoids improved the forced expiratory vol-
ume in one second (FEV,) during exacerbations of
COPD.3* Another trial found that a single dose of
methylprednisolone did not improve spirometric re-
sults over the succeeding five hours.> None of these
trials were explicitly designed to evaluate clinical out-
comes. The role of systemic glucocorticoids in pa-
tients with stable COPD is similarly unclear.6

Adverse effects of the short-term administration
of systemic glucocorticoids include secondary infec-
tions, hyperglycemia, and a range of mood and be-
havioral changes.” Long-term therapy may cause os-
teoporosis, cataracts, hypertension, myopathy, and
adrenal insufficiency.

We conducted a randomized, double-blind, place-
bo-controlled, multicenter trial to evaluate the effi-
cacy of systemic glucocorticoids for exacerbations of
COPD. The principal objective was to determine rates
of treatment failure. A secondary goal was to deter-
mine the optimal duration of treatment.

METHODS

The Human Rights Committee of the Veterans Aftairs Coop-
erative Studies Program and the institutional review boards of the
participating medical centers approved this study. All patients
gave written informed consent.

From the Veterans Aftairs medical centers in Minneapolis (D.E.N.), Little
Rock, Ark. (M.L.E., PA.), Hines, Ill. (N.J.G.), and Long Beach, Calif.
(RW.L.); the Cooperative Studies Program Coordinating Center, West
Haven, Conn. (R.H.D., D.C.); and the Veterans Affairs Cooperative Studies
Program Clinical Research Pharmacy Coordinating Center, Albuquerque,
N.M. (N.A.M.). Address reprint requests to Dr. Niewoehner at the Pul-
monary Section (111N), Veterans Affairs Medical Center, 1 Veterans Dr.,
Minneapolis, MN 55417, or at niewo00l@maroon.tc.umn.edu.

*Other investigators who participated in the study are listed in the Ap-
pendix.
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Study Design

We designed this study to assess the equivalence of two ap-
proaches to the treatment of COPD.8? Systemic glucocorticoids
are the standard therapy for hospitalized patients with COPD,
even though they have adverse effects. Therefore, the withholding
of glucocorticoids may be viewed as an experimental intervention
associated with no glucocorticoid-related complications. The plan-
ning committee settled on a 7.5 percent absolute difference in the
rate of treatment failure as the clinically meaningful upper limit.
In other words, withholding glucocorticoids would be consid-
ered the preferred treatment if the results showed a difference in
the failure rate (the rate with placebo minus the rate with active
treatment) of 7.5 percent or less. The secondary objective was to
assess the equivalence of two different periods of therapy (two
and eight weeks). The follow-up period lasted for six months
from the time of enrollment. A detailed description of the ration-
ale for the study, its design, the protocol, and the planned analy-
ses is provided elsewhere.!0

Study Population

All patients admitted to participating Veterans Affairs medical
centers for exacerbations of COPD were potential subjects. The
principal inclusion criteria were a clinical diagnosis of exacerba-
tion of COPD, an age of 50 years or more, a history of 30 pack-
years or more of cigarette smoking, and either an FEV, of 1.50
liters or less or an inability to undergo spirometry because of
dyspnea. The principal exclusion criteria were a diagnosis of asth-
ma, use of systemic glucocorticoids within the preceding 30 days,
coexisting medical conditions that made survival for at least 1 year
unlikely, and inability to give informed consent. We obtained
base-line data on respiratory disease and other pertinent aspects
of the medical history by means of a questionnaire.!!

Treatments

We randomly assigned patients within 12 hours after presenta-
tion to one of three treatment groups. The first group received
eight weeks of glucocorticoid therapy, consisting of intravenous
methylprednisolone (Solu-Medrol, Pharmacia & Upjohn, Kala-
mazoo, Mich.) (given in a dose of 125 mg every 6 hours for 72
hours) followed by once-daily oral prednisone (60 mg on study
days 4 through 7, 40 mg on days 8 through 11, 20 mg on days 12
through 43, 10 mg on days 44 through 50, and 5 mg on days 51
through 57). The second group received two weeks of gluco-
corticoid therapy, consisting of intravenous methylprednisolone
(125 mg every 6 hours for 72 hours), followed by oral predni-
sone (60 mg on days 4 through 7, 40 mg on days 8 through 11,
and 20 mg on days 12 through 15), with placebo capsules on
study days 16 through 57. The third group received placebo, con-
sisting of an equivalent volume of intravenous 5 percent dextrose
solution (every 6 hours for 72 hours), followed by placebo cap-
sules on days 4 through 57. Randomization was stratified accord-
ing to hospital with a permuted-block scheme; 40 percent of the
patients were assigned to the placebo group, 30 percent to the
eight-week glucocorticoid group, and 30 percent to the two-
week glucocorticoid group.

The Veterans Affairs Cooperative Studies Clinical Research
Pharmacy Coordinating Center distributed the study medica-
tions. Designated research pharmacists dispensed the intravenous
medications in a blinded fashion. All patients received the same
number of identical-appearing study capsules in blister packs. We
assessed compliance on the basis of capsule counts.

The patients remained hospitalized for at least three days for
intravenous therapy, after which they received capsules of predni-
sone or placebo for eight weeks. Hospital staff decided the date
of discharge after three days of intravenous therapy. All the pa-
tients received a broad-spectrum antibiotic for seven days. For the
entire six-month period, the patients were required to use an in-
haled B-adrenergic agonist (two puffs from a metered-dose inhaler
or a nebulizer treatment at least four times daily), inhaled ipratro-
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pium bromide (two puffs from a metered-dose inhaler or a nebu-
lizer treatment at least four times daily), and starting on day 4,
inhaled triamcinolone acetonide (eight pufts daily in divided doses)
or its equivalent. Use of theophylline, high-dose inhaled gluco-
corticoids (more than eight puffs daily of triamcinolone acetonide
or its equivalent), and open-label systemic glucocorticoids was
not allowed. Treatment was considered to have failed if any of the
forbidden medications were prescribed. Other medications were
permitted according to medical need. We evaluated the patients
on cach of the first three hospital days and at two weeks, eight
weeks, and six months. We continued to obtain follow-up data
for patients in whom the study drug had been withdrawn because
of treatment failure or for other reasons. If a patient missed a visit,
we collected data by mail, telephone, or a review of medical records.

End Points

The primary end point, a first treatment failure, was defined as
death from any cause or the need for intubation and mechanical
ventilation, readmission because of COPD, or intensification of
pharmacologic therapy. The patients’ primary physicians made all
the clinical decisions. We defined intensification of pharmacologic
therapy as the prescription of open-label systemic glucocorti-
coids, high-dose inhaled glucocorticoids (more than eight puffs
per day of triamcinolone acetonide or its equivalent), theophyl-
line, or any combination of these three therapies. When multiple
failures occurred on the same day, the assignment to the category
of first failure was hierarchical, in the following descending order:
death, intubation, readmission, and intensification of therapy. When
a primary end point (other than death) was reached, the study
treatment was terminated, and usual medical care was resumed.

Secondary end points were a change in FEV |, the length of the
hospital stay, and death from any cause during the six months of
follow-up. The patients underwent spirometry at base line; on
days 1, 2, and 3; and at the two-week, eight-week, and six-month
visits. All centers performed spirometry (model 922, SensorMedics,
Yorba Linda, Calif.) according to standard recommendations.'? We
calculated the initial hospital stay as the period from the day of
admission to the day of discharge or transfer to an extended-care
facility.

Complications

We evaluated the patients for any possible adverse effects of
treatment at each visit. As described elsewhere,!© the diagnosis of
hyperglycemia, hypertension, secondary infection, upper gastro-
intestinal bleeding, or acute psychiatric illness required a consul-
tation, an invasive procedure, or initiation of a specific therapy.
We also questioned the patients about other possible adverse
events.

Statistical Analysis

The base-line characteristics of the patients in the three treat-
ment groups were compared by means of analysis of variance for
continuous variables and the chi-square test for categorical vari-
ables.!3 All comparisons of results were based on the intention-to-
treat principle. Treatment comparisons were made with the use of
a two-step procedure: if the findings for the two-week and the
cight-week groups were found to be equivalent, these two groups
were combined into a single active-treatment group for comparison
with placebo. Comparisons were made at 30, 90, and 182 days after
the start of treatment. Treatment failure, the primary end point,
was analyzed with use of the upper limit of a one-sided 95 percent
confidence interval to determine therapeutic equivalence* and a
two-sided log-rank test to compare differences between curves for
the cumulative failure rate.’s Values for FEV| in the glucocorticoid
and placebo groups were compared by analysis of variance, and hos-
pital stays were compared with use of the Wilcoxon two-sample
rank test.!* A complication rate was defined as the proportion of
patients who had one or more episodes of a complication during
the six months of follow-up. Logistic-regression analysis was used
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE 271 PATIENTS
ACCORDING TO TREATMENT ASSIGNMENT.*

CHARACTERISTIC

Age — yr
Male sex — no.
White race — no.
Cough — no. (%)
Sputum production — no. (%)
Wheezing — no. (%)
No. of chest colds per year — no. (%)
None
lor2
=3
Smoked in past 3 mo — no. (%)
Total cigarette smoking — pack-yr
Regular medications — no. (%)
Inhaled beta-adrenergic agonist
Inhaled anticholinergic drug
Oral beta-adrenergic agonist
Theophylline
Inhaled glucocorticoids
Use of oxygen at home — no. (%)
Hospitalization for COPD in previous 2 yr
— no. (%)
Prior use of systemic glucocorticoids — no. (%)
Other illnesses — no. (%)
Diabetes mellitus
History of ulcer
Hypertension
Disabling heart disease
Disabling arthritis
History of psychiatric disorder requiring
hospitalization
FEV, — ml}
Time from presentation to randomization — hr

GLUCOCORTICOIDS  GLUCOCORTICOIDS

PLAcEBO FOR 2 WK FOR 8 WK
(N=111) (N=80) (N=80)
67.8+10.0 67.1+10.6 68.1+6.8
111 80 77
929 59 68
65 (59) 41 (51) 43 (54)
74 (67) 54 (68) 52 (65)
98 (88) 70 (88) 72 (90)
17 (15) 17 (21) 14 (18)
64 (58) 51 (64) 50 (62)
30 (27) 12 (15) 16 (20)
56 (50) 42 (52) 40 (50)
77.0£35.5 67.3%£31 80.9+43.8%
96 (86) 66 (83) 72 (90)
81 (73) 47 (59) 58 (72)
12 (11) 4 (5) 7(9)
37 (33) 26 (32) 30 (38)
49 (44) 39 (49) 40 (50)
20 (18) 12 (15) 15 (19)
73 (66) 51 (64) 60 (75)
52 (47) 30 (38) 46 (58)t
5(5) 12 (15) 11 (14)f
23 (21) 19 (24) 16 (20)
44 (40) 39 (49) 39 (49)
13 (12) 8 (10) 8 (10)
12 (11) 10 (12) 15 (19)
13 (12) 9 (11) 9 (11)
750+271 772+286 785+288
3.7x2.6 3.8%2.6 3.7x2.2

*Plus—minus values are means =SD.

1P=<0.05 for differences among groups by analysis of variance for continuous variables and by the

chi-square test for categorical variables.

fData were available for 101 patients in the placebo group, 73 in the two-week glucocorticoid
group, and 72 in the eight-week glucocorticoid group.

to identify variables that predicted treatment failure within six
months.!5 All reported P values are two-tailed.

RESULTS

Enrollment began in November 1994 and con-
cluded in October 1996, one year ahead of schedule.
On the basis of interim analyses, the Veterans Affairs
Cooperative Studies Evaluation Committee recom-
mended termination of enrollment at that time.

Study Population

A total of 1840 potential patients at 25 Veterans
Aftairs medical centers were screened for the study,
of whom 271 were found to be eligible and were en-
rolled. The enrollment rate was lower than had been
projected,!0 largely because of a substantial decline in
admissions for COPD throughout the Veterans Af-
fairs medical system and an unexpectedly high rate of
exclusion because of recent use of systemic glucocor-
ticoids. Among the patients who were screened, 49.9

percent had taken systemic glucocorticoids in the pre-
vious 30 days. Other common reasons for exclusion
included unwillingness or inability to participate (23.2
percent), a history of less than 30 pack-years of smok-
ing (14.6 percent), and coexisting medical conditions
expected to limit survival (18.4 percent).

Eighty patients were assigned to receive glucocor-
ticoid therapy for eight weeks, 80 were assigned to
receive glucocorticoid therapy for two weeks, and
111 were assigned to receive placebo. The three treat-
ment groups were similar with respect to base-line
characteristics (Table 1). There were small differenc-
es in total pack-years of cigarette smoking, prior use
of systemic glucocorticoids, and the prevalence of
diabetes mellitus.

Discontinuation of Study Drugs and Compliance

Study drugs were discontinued for reasons other
than a primary end point in 10 patients assigned
to placebo (9 percent), 10 assigned to two weeks of
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Rate of Treatment Failure (%)

—— Glucocorticoids, 8 wk
Glucocorticoids, 2 wk

10 ——— Placebo
O T T T T T T
0 1 2 3 4 5 6
Month

No. AT Risk
Glucocorticoids, 8 wk 80 61 50 21
Glucocorticoids, 2 wk 80 59 46 20
Placebo 111 74 58 39

Figure 1. Kaplan—Meier Estimates of the Rate of First Treatment Failure at Six Months, According to

Treatment Group.

glucocorticoids (12 percent), and 5 assigned to eight
weeks of glucocorticoids (6 percent). Follow-up
data were complete for 19 of these 25 patients. All
available data were included in the analyses. On the
basis of counts of returned study capsules, the com-
pliance rate was 89 percent in the placebo group,
85 percent in the two-week glucocorticoid group,
and 87 percent in the eight-week glucocorticoid

group.
Primary Outcomes

Figure 1 shows Kaplan—Meier estimates of rates
of first treatment failure for the three study groups,
and Table 2 shows the reasons for treatment failure
at 30, 90, and 182 days. At least one treatment fail-
ure occurred in approximately half the patients. In-
tensification of therapy was the most common rea-
son for treatment failure, accounting for 70 percent
of the total failures at 30 days, 62 percent at 90
days, and 58 percent at 182 days. When therapy was
intensified, physicians administered open-label sys-
temic glucocorticoids in more than 75 percent of
cases.

The trial did not demonstrate equivalence of out-
comes at any time. When the upper limits of one-
sided confidence intervals are used to compare fail-
ure rates between groups, the results show that the
withholding of glucocorticoids may have increased
treatment-failure rates by as much as 20 percent at
30 days, 21 percent at 90 days, and 12 percent at 182
days. All values exceeded the limit of 7.5 percent set
by the protocol.

1944 June 24, 1999

As compared with placebo, glucocorticoids signif-
icantly reduced the rate of first treatment failure at
30 days (23 percent vs. 33 percent, P=0.04) and 90
days (37 percent vs. 48 percent, P=0.04) (Table 2).
Treatment-failure rates did not differ significantly at
six months (51 percent in the combined glucocorti-
coid groups vs. 54 percent in the placebo group,
P=0.58). The duration of glucocorticoid therapy
(two weeks or eight weeks) had no significant effect
on the rate of treatment failure at any time.

Length of Hospitalization

The average length of the initial hospitalization was
significantly longer in the placebo group than in the
combined glucocorticoid groups (9.7 vs. 8.5 days,
P=0.03). After the initial hospitalization, patients in
the placebo group spent an average of 2.0 days in
the hospital because of COPD, as compared with
1.9 days for patients in the glucocorticoid groups
(P=0.98). Glucocorticoid-treated patients, on aver-
age, spent more time in the hospital for reasons other
than COPD than did patients receiving placebo (4.4
vs. 1.2 days, P=0.07).

Spirometric Findings

FEV, improved significantly faster in the patients
who received systemic glucocorticoids than in those
who received placebo (Fig. 2). The maximal differ-
ence, approximately 0.10 liter, was evident by the
first day after enrollment. By the end of two weeks,
FEV, did not differ significantly between the active-
treatment and placebo groups.
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TABLE 2. CUMULATIVE PRIMARY OUTCOMES ACCORDING TO
TREATMENT ASSIGNMENT.

GLuco- GLruco-
CORTICOIDS ~ CORTICOIDS
PLACEBO FOR2 WK  FOR 8 WK P
OuTcoME (N=111) (N=80) (N=80) VALUE*
number (percent)
30 days
Death 3(3) 0 2(2)
Intubation 3(3) 2(2) 1(1)
Readmission for COPD 5(5) 4 (5) 2(2)
Intensification of therapy 26 (23) 13 (16) 13 (16)
Total 37 (33) 19 (24) 18 (22) 0.04
90 days
Death 4 (4) 2(2) 2(2)
Intubation 3(3) 3(4) 1(1)
Readmission for COPD 13 (12) 8 (10) 6 (8)
Intensification of therapy 33 (30) 17 (21) 20 (25)
Total 53 (48) 30(38) 29 (36) 0.04
182 days
Deatht 4 (4) 2(2) 3(4)
Intubation 3(3) 3(4) 2(2)
Readmission for COPD 17 (15) 12 (15) 13 (16)
Intensification of therapy 36 (32) 22 (28) 24 (30)
Total 60 (54) 39 (49) 42 (52) 0.58

*P values are for comparisons of the placebo group with the combined
glucocorticoid groups, by the log-rank test.

tOnly deaths that were counted as primary outcomes are listed. The total
numbers of deaths during six months of follow-up were 11 in the placebo
group and 13 in the glucocorticoid groups.

Death from All Causes

Over the six months of follow-up, 11 of the 111
patients receiving placebo and 13 of the 160 receiv-
ing glucocorticoids died (P=0.61). Seven deaths in
the placebo group and six in the combined gluco-
corticoid groups were attributed to COPD.

Complications

Table 3 shows the reported complications for each
treatment group over the six months. A greater pro-
portion of patients in the glucocorticoid groups
than in the placebo group had hyperglycemia requir-
ing treatment (15 percent vs. 4 percent, P=0.002).
Twenty-two of the 24 episodes in the glucocorticoid
groups occurred during the first 30 days of follow-
up. Sixteen of the 24 glucocorticoid-treated patients
with hyperglycemia were known to have diabetes.
The patients who received glucocorticoids also had
more adverse events classified as “other” (P=0.04);
these included 41 separate symptoms or conditions,
most of which were not thought to be caused by glu-
cocorticoids. Reported rates of secondary infection
did not differ significantly among the three groups,
but the eight-week glucocorticoid group had the
highest proportion of patients with serious infections.
Eleven of the patients in this group were rehospital-
ized with a primary diagnosis of infection; 9 of the
11 had pneumonia. Only four patients in the placebo

1.2
1 127
67
1.1
| Glucocorticoid
® 101
]
;: 1 103
w 0.9+
Lo
145
0.8
i 95
R SRS ;
0@\\ O'Z’A 0'8\ 0"’A & & e‘,&
{7 &

Figure 2. Mean Forced Expiratory Volume in One Second (FEV,)
at Selected Times According to Treatment Group.

The two-week and eight-week glucocorticoid groups have been
combined. The numbers at each time point are the numbers of
patients in each group for whom data were available. The as-
terisks denote P<0.05 for the comparison with placebo. The
bars indicate standard errors.

TABLE 3. COMPLICATIONS OF TREATMENT
DURING THE SIX-MONTH FOLLOW-UP PERIOD.

GLUCOCORTICOIDS GLUCOCORTICOIDS

PLACEBO FOR 2 WK FOR 8 WK P
COMPLICATION (N=111) (N=80) (N=80) VALUE*
number (percent)
Hyperglycemia 4 (4) 14 (18) 10 (12) 0.002
Gastrointestinal 5 (5) 0 3 (4) 0.21
bleeding
Secondary infection 19 (17) 12 (15) 18 (22) 0.73
Hypertension 4 (4) 6 (8) 4 (5) 0.33
Psychiatric disorder 3 (3) 5(6) 2(2) 0.47
Other adverse 16 (14) 18 (22) 21 (26) 0.04

eventst

*P values are for comparisons of the placebo group with the combined
glucocorticoid groups, by the chi-square test.

1This category includes 41 different symptoms or conditions.

group and one in the two-week glucocorticoid group
were rehospitalized for infection.

Subgroup Analyses

As specified by the protocol, we performed sub-
group analyses for the following variables: base-line
FEV,, theophylline use before randomization, hospi-
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talization because of COPD in the previous two
years, a history of cough, a history of wheezing, a his-
tory of sputum production, and a history of chest
colds. Multiple logistic regression indicated that a
base-line value for FEV| that was less than the median
value of 0.73 liter predicted a higher rate of treat-
ment failure at 182 days (odds ratio, 1.8; 95 percent
confidence interval, 1.1 to 3.1), as did theophylline
use before randomization (odds ratio, 2.3; 95 per-
cent confidence interval, 1.3 to 4.0). Only prior hos-
pitalization because of COPD had a significant in-
teraction with the treatment assignment (P=0.01).
Treatment with glucocorticoids was associated with
a more favorable outcome in the group of 184 pa-
tients who had previously been hospitalized because
of COPD than in the group of 87 with no history
of hospitalization because of COPD (odds ratio,
4.6; 95 percent confidence interval, 1.4 to 14.8). In
the group of previously hospitalized patients, the
failure rate at six months was 66.7 percent for those
who received placebo and 49.5 percent for those who
received glucocorticoids.

DISCUSSION

We found that the withholding of systemic gluco-
corticoids was not equivalent to active treatment for
hospitalized patients with COPD. Glucocorticoids
were marginally superior to placebo in reducing rates
of treatment failure at 30 and 90 days, but not at
6 months. Glucocorticoid therapy also shortened the
initial hospital stay by an average of 1.2 days. This dif-
ference may be an underestimate, because the proto-
col required a hospital stay of at least three days and
because some patients assigned to receive placebo also
received open-label glucocorticoids.

Glucocorticoid-induced improvements in FEV,
provide a plausible basis for the better clinical out-
comes. The magnitude of the early effect of treatment
on FEV,, approximately 0.10 liter, is similar to that
found in a previous study.? More patients received
open-label glucocorticoids as the study progressed, so
we may have underestimated the true differences at
later times.

Hyperglycemia of sufficient severity to require ther-
apy was the major complication of glucocorticoids
that we identified. This finding may be due in part
to the higher proportions of patients with diabetes in
the glucocorticoid groups than in the placebo group,
but hyperglycemia is a known complication of glu-
cocorticoid therapy.'617 We also noted a trend toward
longer hospital stays for causes other than COPD in
both glucocorticoid groups. Careful review of these
data revealed an unusual number of infections re-
quiring hospital readmission in the eight-week glu-
cocorticoid group. Controlled trials of treatment for
other diseases have shown an increased risk of seri-
ous infection in patients receiving systemic gluco-
corticoids.16:18

1946 June 24, 1999

Osteoporosis was not evaluated in this trial, but
even relatively brief courses of systemic glucocorti-
coids cause reductions in trabecular bone mineral
density.’ The cumulative effects of long-term ther-
apy confer a substantial risk of painful vertebral frac-
tures and other long-term complications.?20

Intensification of pharmacologic therapy account-
ed for more than half of all treatment failures at six
months and an even higher proportion during the
carly weeks of follow-up in our study. Open-label
glucocorticoids were administered in most of these
cases. Thus, the principal consequence of withhold-
ing glucocorticoids in patients receiving placebo
was to delay their administration to about half of
these patients. The other half recovered and received
no glucocorticoids during the full six months of
follow-up.

The overall exposure to glucocorticoids among pa-
tients hospitalized for COPD would be substantially
decreased if the drug were withheld until it was ev-
ident that other therapy had failed. The disadvantag-
es of this option are a delay in the administration of
effective therapy to patients with severe dyspnea and
a prolongation of the average hospital stay by slight-
ly more than a day.

Recent use of systemic glucocorticoids disqualified
half the patients screened for this study, and these
patients might have had different responses to glu-
cocorticoids. We designed this study specifically for
hospitalized patients, reasoning that the effect of
treatment would be most evident in the sickest pa-
tients. However, systemic glucocorticoids are also
frequently used for outpatient treatment of COPD,
and the clinical profiles of nonhospitalized patients
may be different.

We conclude that systemic glucocorticoids decrease
the rate of treatment failure by about 10 percentage
points for up to 90 days when used for patients hos-
pitalized with exacerbations of COPD. A two-week
regimen was as effective as an eight-week regimen;
this result was consistent with those of small trials
involving patients with acute asthma.222 In addi-
tion, subgroup analyses suggest that the treatment
benefit may be restricted largely to patients who
have previously been hospitalized because of COPD.

Conducted under the aegis of the Cooperative Studies Program of the
Department of Veterans Affairs Office of Research and Development and
supported by a grant from Boehringer Ingelheim.

Presented in part at the annual meeting of the American Thoracic Soci-
ety, Chicago, April 24-29, 1998, and the annual meeting of the European
Respiratory Society, Geneva, September 19-23, 1998.

APPENDIX

The other study participants were as follows: Planning Committee: S.
Weiss, J. Stoller, 1. Tager, M. Antonelli, and M. Buchanan; Data Monitor-
ing Board: D. Dantzker (chair), D. Tashkin, R. Simon, and M. Lebowitz;
Pharmacy coordinator: J. Day; investigators at individual Veterans Affairs
medical centers: J. Curtis (principal investigator) and C. Siegert, Ann Ar-
bor, Mich.; G. Emmanuel (coprincipal investigator), S. Carranza (coprin-
cipal investigator), and D. Johnson, Bay Pines, Fla.; P. Romano (coprincipal
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investigator), P. Kaul (coprincipal investigator), and R. Varano, Brooklyn,
N.Y.; S. Sethi (principal investigator) and P. DiMarzia, Buffalo, N.Y.; R.
Keller, Hines, Ill.; M. Reinoso (principal investigator) and P. Guillet, Hous-
ton; G. Bhaskar (principal investigator) and H. Hermesman, Lake City,
Fla.; G. San Pedro (coprincipal investigator) and L. Frazier, Little Rock,
Ark.; J. Despars, Long Beach, Calif.; K. Rice (principal investigator) and E
Lebahn, Minneapolis; A. Fulambarker (principal investigator) and D. Fer-
guson, North Chicago, Ill.; P. Krumpe (principal investigator) and R. Wel-
dermuth, Reno, Nev.; J. Liu (principal investigator) and T. Thompson, Sa-
lem, Va.; M. Habib (principal investigator) and T. Vincent, Tucson, Ariz.;
S. Santiago (principal investigator), D. Boyd, and L. Robinson, West Los
Angeles, Calif.; J. Sampson (principal investigator), Alexandria, La.; E Al-
Bazzaz (principal investigator), Chicago (West Side); M. Nelson (principal
investigator), Kansas City, Mo.; J. McCormick (principal investigator) and
S. Shariaty, Lexington, Ky.; M. Tenholder (principal investigator), Mem-
phis, Tenn.; W. Davis (principal investigator) and Z. She, Augusta, Ga.; D.
Caralis (principal investigator), Miami; B. Gray (principal investigator) and
K. Laughlin, Oklahoma City; and C. Atwood (principal investigator),
Pittsburgh.
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