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ABSTRACT

BACKGROUND

We conducted a double-blind, randomized, placebo-controlled study to evaluate the
efficacy of telithromycin in patients with acute exacerbations of asthma.

METHODS

A total of 278 adults with diagnosed asthma were enrolled within 24 hours after an
acute exacerbation of asthma requiring short-term medical care. The patients were
randomly assigned to receive 10 days of oral treatment with telithromycin (at a dose
of 800 mg daily) or placebo in addition to usual care. Primary efficacy end points
were a change from baseline over the treatment period in symptoms (as recorded
by patients in a diary card) and in the peak expiratory flow in the morning at home.
The presence of Chlamydophila pneumoniae or Mycoplasma pneumoniae was ascertained
by serologic analysis, polymerase chain reaction, and culture.

RESULTS

Of the two prespecified primary outcomes, only asthma symptoms showed a signifi-
cantly greater reduction among patients receiving telithromycin than among those
receiving placebo. Mean (£SD) scores on a test of asthma symptoms (on a 7-point
scale, with 0 denoting no symptoms and 6 denoting severe symptoms) were 3.0+1.4
at baseline and 1.7+1.1 at the end of treatment for the telithromycin group and
2.8+1.3 at baseline and 2.0+1.0 at the end of treatment for the placebo group. The
mean decrease in symptom scores during the treatment period was 1.3 for telithro-
mycin and 1.0 for placebo (mean difference, —0.3; 95 percent confidence interval,
—0.5 to —0.1; P=0.004). There was no significant treatment effect on the other pri-
mary outcome measure, a change in morning peak expiratory flow. Nausea was more
common among patients in the telithromycin group than in the placebo group
(P=0.01). Although 61 percent of patients had evidence of infection with C. pneumoniae,
M. pneumoniae, or both, there was no relationship between bacteriologic status and
the response to asthma treatment.

CONCLUSIONS

This study provides evidence of the benefit of telithromycin in patients with acute
exacerbations of asthma; the mechanisms of benefit remain unclear. (ClinicalTrials.
gov number, NCT00273520.)
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ETOLIDES ARE A NEW CLASS OF ANTIBI-

otics that are structurally related to macro-

lides* and have a bactericidal effect against
Chlamydophila pneumoniae and Mycoplasma pneumoni-
ae.>* Like macrolides, the ketolide telithromycin
(Ketek, Sanofi-Aventis) has immunomodulatory
effects both in vitro and in vivo.>° It is not known
whether treatment with a ketolide could improve
treatment of an exacerbation of asthma.

The Telithromycin, Chlamydophila, and Asth-
ma trial (TELICAST) was designed to determine
whether a 10-day course of telithromycin, as com-
pared with placebo, in combination with stan-
dard therapy improves symptoms and peak expi-
ratory flow rates in the morning among patients
with an acute exacerbation of asthma who have no
clinically obvious need for antibiotic treatment.

METHODS

In this double-blind, parallel-group, randomized,
placebo-controlled, multicenter, multinational
study, we evaluated the efficacy and safety of oral
telithromycin (at a dose of 800 mg daily) for pa-
tients with an acute exacerbation of asthma. The
study was performed in accordance with the good
clinical-practice guidelines recommended by the
International Conference on Harmonisation of
Technical Requirements and was approved by the
ethics committee at each center. All patients pro-
vided written informed consent.

The study was designed by two authors from
academic institutions and one representative of the
sponsor, with input from an advisory board that
included all authors. Data were held and analyzed
by the contract research organization Pharmaceu-
tical Product Development under guidance from
the study sponsor, with input from all authors.
An academic author reviewed the statistical-
analysis plan. Drs. Johnston and Nieman vouch
for the accuracy and completeness of the data
reported. All authors had full access to the data,
and no limits were placed by the study sponsor
with respect to statements made in this report.

PATIENTS

Adults between the ages of 18 and 55 years with
diagnosed asthma (>6 months) who requested
medical care for an acute exacerbation of asthma
were enrolled within 24 hours after presenting to
an urgent care clinic, emergency room, or inpa-
tient hospital setting. Inclusion criteria were in-

creased wheeze and dyspnea, with a peak expira-
tory flow of less than 80 percent of the predicted
value, as well as an ability to complete a diary of
asthma symptoms, to perform a home test of
peak expiratory flow, and to give written informed
consent. Exclusion criteria included a need for im-
mediate intensive care, a known allergic precipi-
tant of the acute episode, a known lower respira-
tory tract disease other than asthma, a smoking
history of 10 or more pack-years, the need for use
of regular oral corticosteroids, antibiotic use with-
in 30 days before enrollment, or an overt infection
requiring specific antibiotic treatment.

Patients were able to continue their usual treat-
ment for asthma — including all bronchodilators,
inhaled corticosteroids, antileukotrienes, and the-
ophylline — throughout the study. Patients who
began taking an additional inhaled corticosteroid
within three days before or after the exacerbation
received a dose increment at the investigator’s
discretion, which remained unchanged through-
out the study; those requiring oral corticosteroids
for the exacerbation were prescribed a standard-
ized regimen (prednisone at a daily dose of 30 mg
for seven days).

STUDY DESIGN
On a centrally randomized basis with the use of
computer-generated codes, patients were assigned
in a 1:1 ratio to receive either oral telithromycin
(two 400-mg capsules daily) or placebo (two cap-
sules identical in appearance) for 10 days. The
baseline study visit occurred within 24 hours after
initial presentation. The second visit took place
at the end of the treatment period. Patients re-
corded diary cards of symptoms and peak expira-
tory flow rate in the morning for six weeks. Pa-
tients were not assessed for eligibility before initial
presentation.

EFFICACY ASSESSMENTS
The primary efficacy assessments were a change
from baseline in asthma-symptom scores and
peak expiratory flow rates in the morning during
the 10-day treatment period, on the basis of daily
diaries of patients. Asthma symptoms were mea-
sured with the use of a modified diary-card symp-
tom score in which patients rated the frequency
and severity of their symptoms on a 7-point scale
(with 0 denoting no symptoms and 6 denoting
severe symptoms).” The diary symptom score was
calculated as the average of four daytime activity
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scores (the frequency of asthma symptoms, the
severity of asthma symptoms, the level of activity,
and the effect of asthma on activity) recorded in
the evening and four individual symptom scores
(wWheezing, coughing, chest tightness, and short-
ness of breath) recorded in the morning. Patients
recorded their peak expiratory flow rates in trip-
licate immediately after waking with the use of a
Mini-Wright peak flow meter (Clement Clarke In-
ternational). Patients also recorded their use of
the study medication, albuterol, and other con-
comitant medications.

Secondary efficacy assessments included in-
clinic pulmonary-function tests (see the Supple-
mentary Appendix, available with the full text of
this article at www.nejm.org). Details about the
methods used in the detection of C. pneumoniae
and M. pneumoniae are also available in the Sup-
plementary Appendix.

ASSESSMENTS OF ADVERSE EVENTS AND SAFETY
Safety was assessed by the recording of adverse
events and by standard monitoring. Patients who
received at least one dose of study medication and
had at least one safety assessment during treat-
ment were included in the safety analysis. All ad-
verse events that were spontaneously reported and
those identified by an investigator were coded
with the use of the Medical Dictionary for Regulatory
Activities and were evaluated in terms of severity
(mild, moderate, or severe) on the basis of clini-
cal judgment and causality.

STATISTICAL ANALYSIS
The end point for power calculation was the day-
time symptom score of patients. The enrollment
of 120 patients per treatment group would pro-
vide the study with a statistical power of 80 per-
cent (at P<0.05) to detect a 0.51 point (20 percent)
difference between groups in the decrease from
a presumed baseline score of 2.56.8

Efficacy end points were analyzed with the use
of an analysis-of-covariance model with factors
for treatment, study center (investigator), treat-
ment-by-center interaction, and baseline as covar-
iates. Treatment-by-center interaction was removed
from the model if it was not significant at a
level of 0.15. This was the case for the two pri-
mary end points and one secondary end point
(in-clinic peak expiratory flow). Analyses of the
change from baseline to the end of treatment in
the other secondary end points — a change in

forced expiratory volume in one second (FEV,),
FEV, as a percentage of the predicted value, forced
vital capacity (FVC), and forced expiratory flow
at 25 to 75 percent of FVC (FEF,, ) — revealed
a significant treatment-by-center interaction. Lon-
gitudinal analyses were based on the average dur-
ing the six-week study period. The means within
the treatment groups and between-group differ-
ences were estimated by analysis of covariance,
and between-group tests were used to compare the
effects of telithromycin with those of placebo.

In the models used, the treatment effect was
estimated by adjusting for the factors of center,
treatment-by-center interaction (for FEV,, FEV, as
expressed as a percentage of predicted value,
FVC, and FEF,,_.), and for baseline values as co-
variates. This adjusted model accounts for the
difference in the number of patients enrolled at
centers. All mean data for efficacy outcomes are
presented as least-square means since they result
from this adjusted model.

Improvements in asthma symptoms that pa-
tients recorded during the 10-day treatment pe-
riod were compared by analysis of variance and
analysis of covariance. Analyses included the
mean change in symptom score during the treat-
ment period (with daily observations averaged for
the first 10 days) and the mean change in symp-
toms from baseline to the end of treatment (with
the last observation compared with the baseline
observation).

RESULTS

A total of 278 patients were enrolled in the study
between January 2003 and March 2004 (Fig. 1).
Baseline demographic characteristics were well
balanced between treatment groups (Table 1), as
was the severity of exacerbations in terms of base-
line pulmonary function. In the telithromycin
group, the mean FEV, was 67.5 percent of the pre-
dicted value (as compared with 66.9 percent in
the placebo group), and the mean peak expiratory
flow was 53.5 percent of the predicted value (as
compared with 56.9 percent in the placebo group)
(Table 1). These values corresponded to the criteria
for moderate-to-severe exacerbations recommend-
ed by the National Asthma Education and Pre-
vention Program.® During the treatment period,
patients in the two groups were also well matched
with respect to the percentage receiving oral or
inhaled corticosteroids (prescribed by investiga-
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278 Patients enrolled
138 Assigned to placebo
140 Assigned to telithromycin

e to placebo

8 Excluded
2 Erroneously assigned

6 Erroneously assigned
to telithromycin

270 Patients underwent
randomization

'

136 Assigned to placebo

6 Terminated treatment early
1 Withdrew consent
5 Were lost to follow-up

1 Withdrew from analysis
(no baseline diary data)

129 Completed 10 days
of treatment
(intention-to-treat population)

10 Terminated study early
3 Had adverse event
2 Had lack of efficacy
2 Had protocol violation
3 Were lost to follow-up

119 Completed 6 weeks
of follow-up

:

134 Assigned to telithromycin

8 Terminated treatment early
3 Had adverse event
1 Withdrew consent
3 Were lost to follow-up
1 Had other reason

126 Completed 10 days
of treatment
(intention-to-treat population)

14 Terminated study early
5 Had adverse event
3 Withdrew consent
5 Were lost to follow-up
1 Had other reason

112 Completed 6 weeks
of follow-up

Figure 1. Study Design.

(134 patients) or placebo (136 patients).

During the initial randomization, 8 of 278 patients were erroneously assigned to an incorrect treatment group and
were removed from the study, leaving 270 patients who were randomly assigned to receive either telithromycin

tors), with 34.1 percent of patients in the telithro-
mycin group receiving oral corticosteroids (as
compared with 32.6 percent in the placebo group)
and 83.3 percent receiving inhaled corticosteroids
(as compared with 83.7 percent in the placebo
group), as well as the use of short-acting B-ago-

nists (a mean of 5.5 puffs per day in the telithro-
mycin group and 5.4 puffs per day in the placebo
group). The FEV,:FVC ratio at baseline showed
airway obstruction consistent with the presence
of asthma (Table 1).
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EFFICACY
Primary Outcome Measures

Patients in the telithromycin group had signifi-
cantly greater improvement in asthma symptoms
during the study period than did those in the
placebo group (Fig. 2). The mean (£SD) symptom
scores at baseline were 3.0+1.4 for the telithro-
mycin group and 2.8+1.3 for the placebo group
in the intention-to-treat population. The telithro-
mycin group had a mean decrease in symptom
scores of 1.3 points during the treatment period,
as compared with 1.0 point in the placebo group
(mean difference, —0.3 point; 95 percent confi-
dence interval, —0.5 to —0.1; P=0.004). This dif-
ference was equal to a 40.4 percent reduction in
symptoms for the telithromycin group and a 26.5
percent reduction for the placebo group (mean dif-
ference, —13.9 percentage points; 95 percent confi-
dence interval, —23.4 to —4.3; P=0.005). These
parametric analyses were confirmed by a Wilcox-
on rank-sum test (P<0.01).

There was no significant treatment-related dif-
ference between the groups with respect to peak
expiratory flow rates in the morning, as recorded
by patients at home. The mean improvement in
the telithromycin group was 78.3 liters per min-
ute, as compared with 66.8 liters per minute in
the placebo group (P=0.28) (Fig. 3).

Secondary Outcome Measures
The mean decrease in the asthma symptom scores
from baseline to the end of treatment was 1.7
points for the telithromycin group and 1.3 points
for the placebo group (mean difference, —0.4 point;
95 percent confidence interval, —0.7 to —0.2;
P=0.002), equating to a reduction of 51.1 percent
for the telithromycin group as compared with
28.5 percent for the placebo group (mean differ-
ence, —22.6 percentage points; 95 percent confi-
dence interval, —36.6 to —7.9; P=0.003) (Fig. 2).
Patients receiving telithromycin also had some
improvement in symptom scores, as compared
with the placebo group, during the entire study
period, with a mean decrease from baseline of
1.6 points in the telithromycin group and 1.4
points in the placebo group (mean difference,
—0.2 point; 95 percent confidence interval, —0.5 to
0.02; P=0.0606), which was equal to a 51.1 percent
reduction in the telithromycin group and a 38.3
percent reduction in the placebo group (mean
difference, —12.8 percentage points; 95 percent
confidence interval, —24.8 to —0.9; P=0.04).

During the treatment period, the proportion
of symptom-free days (days when all symptom
scores in the diary were zero divided by the
number of days for which the patient provided
scores) was significantly greater in the telithro-
mycin group than in the placebo group (16 per-
cent vs. 8 percent, P=0.000).

Improvement in FEV, from baseline to the end
of treatment was 0.63 liter in the telithromycin
group, as compared with 0.34 liter in the placebo
group (mean difference, 0.29 liter; 95 percent con-
fidence interval, 0.12 to 0.46; P=0.001) (Fig. 4).
A significant treatment benefit from baseline
to the end of treatment was observed for all in-
clinic pulmonary-function tests, with a mean
difference in peak expiratory flow rate of 26.9 li-
ters per minute between the telithromycin group
and the placebo group (95 percent confidence in-
terval, 1.8 to 52.1; P=0.04), a mean difference in
FVC of 0.27 liter (95 percent confidence interval,
0.08 to 0.45; P=0.006), and a mean difference in
FEF,._. of 0.40 liter per second (95 percent con-
fidence interval, 0.13 to 0.67; P=0.004). None of
the pulmonary-function tests showed a signifi-
cant treatment effect by the sixth week of the study
(see the Supplementary Appendix).

Status of C. Pneumoniae and M. Pneumoniae

at Baseline

A total of 61 percent of patients met at least one
criterion for infection with C. pneumoniae, M. pneu-
moniae, or both (Table 1). Most criteria for infec-
tion were serologic, since no positive cultures
and only three positive polymerase-chain-reaction
(PCR) assays were obtained (one for C. pneumoniae
and two for M. pneumoniae).

The magnitude of improvement in FEV, after
treatment with telithromycin was similar in the
subgroups with and without evidence of infec-
tion with C. pneumoniae, M. pneumoniae, or both at
baseline. However, the difference in improvement
between treatment groups was only significant in
the subgroup of 131 patients in the FEV, analysis
who were positive for infection (61 in the telithro-
mycin group and 70 in the placebo group), with
a mean of 0.67 liter in the telithromycin group
and 0.38 liter in the placebo group, for a differ-
ence of 0.29 liter (95 percent confidence interval,
0.11 to 0.47; P=0.002). Among the 82 patients in
the FEV, analysis who tested negative for infection
(41 in the telithromycin group and 41 in the pla-
cebo group), the difference was not significant,
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Table 1. Baseline Characteristics of the Patients.*

Characteristic
Demographic characteristics
Age —yry
Mean
Range
Race or ethnic group — no. (%) 71
White
Black
Asian
Hispanic
Other
Sex — no. (%)
Male
Female
Asthma history
Time since diagnosis —yr
Median
Range
Acute exacerbations in the past year — no. (%)
0
1
2-3
>3
Smoking history
Smoking status — no. (%)
Current smoker
Former smoker
Never smoked

Mean no. of pack-years

Telithromycin Placebo
(N=140) (N=138)
39.5 39.6
17-64 17-68
112 (88.9) 122 (94.6)
3 (2.4) 1(0.8)
5 (4.0) 3(2.3)
1(0.8) 0
5 (4.0) 3(2.3)
39 (31.0) 50 (38.8)
87 (69.0) 79 (61.2)
133 131
1-46 1-51
34 (24.3) 28 (20.3)
43 (30.7) 33 (23.9)
45 (32.1) 48 (34.8)
18 (12.9) 29 (21.0)
22 (15.7) 24 (17.4)
33 (23.6) 31 (22.5)
85 (60.7) 83 (60.1)
2.0+£3.2 2.3+6.3

with a mean 0.58 liter in the telithromycin group
and 0.46 liter in the placebo group, for a differ-
ence of 0.12 liter (95 percent confidence interval,
—0.21 to 0.43; P=0.486). No significant differ-
ences in treatment effect on the asthma symp-
tom scores or peak expiratory flow rates were
observed between the subgroup that tested posi-
tive for infection and the one that tested negative,
and neither subgroup showed a significant treat-
ment effect.

Post Hoc Analysis
A post hoc subgroup comparison of patients who

did and those who did not receive investigator-
prescribed oral corticosteroids revealed no signif-
icant difference in the magnitude of treatment
effect for change from baseline over the treat-
ment period in symptom scores. Among the 85
patients who received oral corticosteroids, the
mean decrease from baseline was 1.6 points in
the telithromycin group and 1.3 points in the pla-
cebo group (mean difference, —0.3 point; 95 per-
cent confidence interval, —0.6 to 0.1; P=0.09).
Among the 170 patients who did not receive oral
corticosteroids, the mean decrease from baseline
was 1.1 points in the telithromycin group and 0.8
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Table 1. (Continued.)

Characteristic
Bacteriologic status — no. (%)§9

Chlamydophila pneumoniae—positive and Mycoplasma
pneumoniae—positive

C. pneumoniae—negative and M. pneumoniae—positive
C. pneumoniae—positive and M. pneumoniae—negative
C. pneumoniae—negative and M. pneumoniae—negative
Baseline pulmonary functiony

FEV, — liters

FEV, — % of predicted value

PEF — liters/min

PEF — % of predicted value

FVC — liters

FEF . . — liters/sec

25-75

FEV :FVC ratio — percent

Mean summary symptom score in diary

— no. (%)
Inhaled corticosteroids
Oral corticosteroids

Long-acting bronchodilator

Baseline symptom score and history of asthma medication |

Asthma medication taken in the 30 days before start of study

Telithromycin Placebo
(N=140) (N=138)
4 (3.7) 1(0.9)
4 (3.7) 4 (3.5)
57 (52.3) 67 (58.8)
44 (40.4) 42 (36.8)
2.18+0.71 2.30+0.81
67.5+£21.9 66.9+19.7
276.2+93.8 302.8+114.6
53.5+16.9 56.9+19.0
3.00+0.84 3.24+1.04
1.84+1.10 2.03+1.21
73x13 71+15
3.0£1.4 2.8+1.3
80 (63.5) 93 (72.1)
2 (1.6) 3(2.3)
49 (38.9) 62 (48.1)

* Plus—minus values are means +SD. FEV, denotes forced expiratory volume in one second, PEF peak expiratory flow,
FVC forced vital capacity, and FEF,, . forced expiratory flow at 25 to 75 percent of FVC. Percentages may not sum to

100 because of rounding.

placebo group).
- Race was self-reported.

i Values are given for the 255 patients in the intention-to-treat population (126 in the telithromycin group and 129 in the

§ Values are given for the 223 patients who underwent microbiologic evaluation (109 in the telithromycin group and 114

in the placebo group).

9§ The majority of positive diagnoses were based on serologic criteria, since no positive cultures and only three positive
polymerase-chain-reaction assays were obtained (one for C. pneumoniae and two for M. pneumoniae).

| Summary symptom scores were calculated on the basis of self-reported symptoms and levels of activity, with patients
rating the frequency and severity of their symptoms on a 7-point scale (with 0 denoting no symptoms and 6 denoting

severe symptoms).

point in the placebo group (mean difference, —0.3
point; 95 percent confidence interval, —0.6 to
—0.03; P=0.03.

ADVERSE EVENTS
A total of 263 patients were able to be included in
the safety analysis (132 in the telithromycin group
and 131 in the placebo group). The frequency of
adverse events associated with treatment was sim-
ilar in the two groups (38.6 percent in the telithro-
mycin group and 39.7 percent in the placebo group,
P=0.90), with the majority of events being mild
to moderate. Adverse events were considered to

be possibly related to treatment in 44 patients,
including 27 in the telithromycin group (20.5 per-
cent) and 17 in the placebo group (13.0 percent)
(P=0.14). Nausea was significantly more common
in the telithromycin group than in the placebo
group (P=0.01) (Table 2). Elevations in levels of
alanine aminotransferase or aspartate amino-
transferase that were at least three times the up-
per limit of normal were observed in two patients
in the telithromycin group and none in the place-
bo group. Both patients had liver-enzyme levels
that had been above normal at baseline, includ-
ing levels of alanine aminotransferase that were
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Figure 2. Change in Symptom Scores from Baseline
to the End of Treatment (Panel A) and the Average
Scores during Treatment (Panel B) in the Intention-
to-Treat Population.

Symptom scores were obtained from daily diary cards
filled out by the patients. On the basis of the modeled
data, significant treatment differences between telithro-
mycin and placebo were observed both in the summary
symptom scores from baseline to the end of treatment
(mean difference, —0.4 point; 95 percent confidence
interval, —0.7 to —0.2; P=0.002) and in the average
scores during treatment (mean difference, —0.3 point;
95 percent confidence interval, —0.5 to —0.1; P=0.004).

2.8 and 3.0 times the upper limit of normal, re-
spectively, at baseline, and 3.0 and 4.9 times the
upper limit of normal, respectively, at the end of
treatment. No serious hepatic adverse events were
reported during the study.

None of the six serious adverse events reported
during the study and follow-up period were con-
sidered to be treatment related. These events in-
cluded four cases of an exacerbation of asthma
symptoms (two in the telithromycin group and
two in the placebo group) and a case of serious
constipation and another of pelvic inflammatory
disease in the telithromycin group.

DISCUSSION

Among adults with acute exacerbations of asth-
ma who were treated with telithromycin, there
was a split outcome in the primary end points.
Patients in the telithromycin group had a signifi-
cantly greater improvement in asthma symptoms
during the 10-day treatment period but did not
have an improvement in peak expiratory flow
rates as measured in the morning at home. There
was a significant improvement in a number of
prespecified secondary outcomes with telithromy-
cin treatment, including improvement in asthma
symptoms from baseline to the end of treatment,
in the proportion of symptom-free days, and in
four assessments of lung function: FEV,, peak ex-
piratory flow (as measured by investigators), FVC,
and FEF,_ .. The difference between treatment
groups in lung function is of potential clinical
significance. However, the difference in symptom
scores was small and less than the difference be-
tween groups that was used to calculate the num-
ber of patients needed for the study (an observed
decrease of 0.3 point, vs. the decrease used to
calculate sample size of 0.5 point). Post hoc analy-
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