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Randomized Secondary Prevention Trial of Azithromycin in
Patients With Coronary Artery Disease
Primary Clinical Results of the ACADEMIC Study

Joseph B. Muhlestein, MD; Jeffrey L. Anderson, MD; John F. Carlquist, PhD; Kirti Salunkhe, MD;
Benjamin D. Horne, MPH; Robert R. Pearson, BS; T. Jared Bunch, MD; Ann Allen, BS;
Sanjeev Trehan, MD; Cindy Nielson, PharmD

Background—Chlamydia pneumoniaé& associated with coronary artery disease (CAD), although its causal role i
uncertain. A small preliminary study reported>e50% reduction in ischemic events by azithromycin, an antibiotic
effective againsC pneumoniagin seropositive CAD patients. We tested this prospectively in a larger, randomizec
double-blind study.

Methods and Resultss=CAD patients (r=302) seropositive taC pneumoniaglgG titers =1:16) were randomized to
placebo or azithromycin 500 mg/d for 3 days and then 500 mg/wk for 3 months. The primary clinical end point incluc
cardiovascular death, resuscitated cardiac arrest, nonfatal myocardial infarction (Ml), stroke, unstable angina,
unplanned coronary revascularization at 2 years. Treatment groups were balanced, and azithromycin was generall
tolerated. During the trial, 47 first primary events occurred (cardiovascular death, 9; resuscitated cardiac arrest, 1
11; stroke, 3; unstable angina, 4; and unplanned coronary revascularization, 19), with 22 events in the azithron
group and 25 in the placebo group. There was no significant difference in the 1 primary end point between the 2 grt
(hazard ratio for azithromycin, 0.89; 95% CI, 0.51 to 1.8&0.74). Events included 9 versus 7 occurring within 6
months and 13 versus 18 between 6 and 24 months in the azithromycin and placebo groups, respectively.

Conclusions—This study suggests that antibiotic therapy with azithromycin is not associated with marked early reducti
(=50%) in ischemic events as suggested by an initial published report. However, a clinically worthwhile benefit |
20% to 30%) is still possible, although it may be delayed. Larger (several thousand patient), longer3dmb (years)
antibiotic studies are therefore indicaté@irculation. 2000;102:1755-1760.)
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pathogenic role for local inflammation in atherosclerotic See p 1742

plaque (inflammatory cytokines, macrophages, T lym- — . . '
phocytes) and systemic inflammation (eg, C-reactive protein € Pneumoniaés a common, recently recognized etiologic
[CRP]) in coronary artery disease (CAD) is being increas- @Jent of bronchitis and pneumortidBetween 50% and 70%
ingly recognized-2 The stimuli for the inflammatory re- ~ Of adults are seropositivé. C pneumoniag an obligate
sponse are unknown, but they may include modified (oxi- intracellular parasite, readily infects pulmonary mononuclear

dized) LDL and mechanical and toxic factors. Also, the phagocytes ar_1d can replicate_ Wi.thin and activa_te macro-
possibility that infectious agents may stimulate vascular phzgéa;rglr:g;i::nIggzgecit:tii:dbrees/:g%npﬂfrfjﬁifgg zﬁ?ue.
inflammation has been raisetl Specifically, cytomegalovi-

. : i . o erosclerosis has been extensively repottetf.Additionally,
rus andChlamydia pneumoniadave been identified within - ~ pneumoniadis commonly detected within and isolated

atherosclerotic plaque; whether they play a causal role or arefom atherosclerotic lesiorfsie-21The possibility of a patho-
innocent commensals in atherogenesis is unknown. However,genjc role forC pneumoniaén CAD is further strengthened
the possibility that chronic diseases thought previously to be py studies in which intranasal infection of rabbits with
noninfectious may indeed have an infectious component C pneumoniaeinduced or accelerated atherosclerosis and
amenable to antibiotic therapy is dramatically exemplified by antibiotic therapy inhibited atherogeneig3

the response of peptic ulcer disease to antibiotics directed at Chlamydiae are sensitive to macrolide antibiotics and
Helicobacter pylori tetracyclines# Azithromycin, a new macrolide, is rapidly
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absorbed, is widely distributed, achieves high and persistentunblinded, independent party (pharmacist) uninvolved in clinical

tissue concentrations (tissue half-life;72 hours), is well
tolerated, and has been effective in animal moéglEhus,
azithromycin and roxithromycin have been selected for hu-
man pilot studies and ongoing major clinical coronary pre-
vention trials?>.26

Stimulated by these considerations, our own observational
and animal dat&é2® and a small pilot antibiotic study in
patients with CAD from Great Britaif; we undertook a
larger prospective, randomized, secondary prevention study.
We have reported the 6-month laboratory results (showing a
reduction in the global inflammatory marker indéx)Here,
we report the 2-year primary clinical end-point results.

Methods

Study Design and Objectives
The study was designed as a randomized, double-blind, secondar
prevention trial of azithromycin (3-month course) versus placebo in
patients with documented CAD and seropositivitydgneumoniae
to test both laboratory and clinical objectives. The primary labora-
tory hypothesis was that compared with placebo, azithromycin
therapy would reduce a global measure of systemic levels of the
cluster of inflammatory markers C-reactive protein (CRP), interleu-
kin (IL)-1, IL-6, and tumor necrosis factor (TNFy-at 3 (end of
therapy) and 6 months. The secondary laboratory hypothesis was tha
antibiotic therapy would reduce antichlamydial IgG and IgA anti-
body levels at 6 months. Methods and results of the laboratory
hypotheses have been reported previo@sly.

The clinical hypothesis was that at 2 years (primary end point),
cardiovascular events would be reduced in the azithromycin com-
pared with placebo groups. End-point events were defined as

cardiovascular death (sudden death of unknown cause or death

resulting from myocardial infarction [MI], congestive heart failure,
stroke, or arrhythmia), resuscitated cardiac arrest, nonfatal Ml

(abnormal cardiac enzymes or new g-waves), stroke, unstable angina,

requiring hospitalization, and unplanned coronary interventions
(catheter based or surgical). All primary end-point events were
adjudicated by a blinded end-points committee. Other clinical
objectives included the comparison by treatment group of all deaths,

other cardiovascular hospitalizations or procedures, adverse experi-
ences and drug discontinuations, and clinical infections. On the basis

of the observation in our earlier report that inflammation markers
decreased gradually, first becoming evident at 6 months, we hypoth-
esized at our interim (6-month) analy&ighat subsequent (6- to
24-month) event rates might favor the azithromycin group.

Patient Qualification, Enroliment,

and Randomization

Patients were qualified for the study if they had CAD documented by
a previous MI, bypass surgery, or50% angiographic stenosis of
=1 major coronary artery; were-18 years of age; had a life
expectancy of>2 years; and gave written informed consent. Exclu-
sion criteria included the following: female patient capable of
childbearing without adequate birth control; NYHA functional class
Il or IV congestive heart failure or left ventricular ejection fraction
<25%; MI within 5 days or bypass surgery within 4 weeks or
percutaneous coronary intervention (any technique) within 3 months;
planned CABG or coronary intervention; significant comorbid ill-
nesses, including active malignancy, ongoing drug or alcohol abuse,
renal failure requiring dialysis, liver failure, etc, with a projected life
expectancy of<2 years; known intolerance to azithromycin; and
chronic macrolide (eg, erythromycin) or tetracycline use.

Patients were screened fGrpneumoniaserum antibody titers to
provide~300 patients for enrollment with antichlamydial 1gG titers
of =1:16 by microimmunofluorescence (MIF) who met all study
criteria and gave informed consent. Enrolled patients were random-
ized 1:1 to the 2 treatment groups of azithromycin or placeboy an
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management except for provision of blinded drug supplies who
opened an envelope containing the drug assignment. The order of
randomization followed a permuted block design (alternating blocks
of 4 and 6).

Supplies and Dosing of Drug and Placebo

Azithromycin, as 250-mg red capsules (Pfizer Laboratories), was
purchased from LDS Hospital Pharmacy. Matching placebo capsules
were purchased from Jolley’s Corner Pharmacy. Enrolled patients
were to initiate therapy with 2 capsules 500 mg/d for 3 days and then
maintain therapy with 2 capsules (500 mg) per week (Mondays) for
3 months, to be taker:1 hour before o=2 hours after food.

Study Flow

Eligibility was determined during a screening visit. Eligible, con-
senting patients had venous blood drawn and tested by MIEfor
pneumoniaeantibodies. Patients with titers1:16 were seer~1
week later for randomization; baseline history and physical exami-

Ynations were completed, blood was drawn, a 12-lead ECG was

obtained, and study drug was dispensed. At 3, 6, and 12 months,
patients returned to review clinical status and drug compliance;
blood was sampled and an ECG was obtained. At 18 months and 2
years, clinical follow-up was accomplished by telephone contact.
Blinded adjudication of all primary end points was performed by an
end-points committee. Each end point was reviewed:=Bycardiol-

togists, and in cases of differing opinions, the entire end-points

committee discussed the case until a consensus was obtained.

Laboratory Testing

Screening for anti€ pneumoniaeantibody (IgG) used a standard
MIF test (MRL Diagnostics) on 1:16 diluted serum. Other test
methods have been previously described.

Statistical Analysis

Clinical event rate estimates were based on the pilot study of Gupta
et al25 who reported a reduction in events from 28% to 8% by 18
months in treated patients with falling antibody titers versus control
subjects (ie, placebo-treated or untreated patients with persistently
elevated titers). Assuming a placebo event rate of 28%, 150 patients
per group provide=90% power to detect a reduction in event rate
caused by the study drug to 14.5% at 2 years (primary clinical end
point). The primary (null) hypothesis was that there would be no
difference between the azithromycin and placebo groups in events;
the alternate hypothesis was that changes would favor antibiotic
therapy. Assessment of clinical events used the intention-to-treat
approach. Groups were compared through the use of survival
methods (Kaplan-Meier) and the log-rank statistic. Cox regression
was used to determine univariate and multiple variable hazard ratios
and Cls. Categorical variables in the 2 groups were compared by
testing; continuous variables, by Student'sor Mann-Whitney
testing as appropriate.

Results

Baseline Patient Characteristics

A total of 430 patients were screened, 333 (77%) had positive
C pneumoniaserology, and 302 consented and were enrolled
in the study, with 150 randomly assigned to receive azithro-

mycin and 152 to receive placebo. Overall, patients were
64+10 (mean=SD) years of age (range, 30 to 88 years); 89%

were male; and 60% had suffered a previous MI, 46% had
undergone bypass surgery, and 46% had had percutaneou
coronary interventions. Patient characteristics on admission
were well balanced in the randomly assigned treatment
groups (Table 1).
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TABLE 1. Baseline Patient Characteristics
Azithromycin Placebo
Group Group
Characteristic (n=150) (n=152) P
Atherosclerotic risk factors
Age (mean=SD), y 6410 6311 0.60
Male, % 86 91 0.19
Hypertension, % 39 45 0.34
Diabetes, % 11 1 0.97
Smoking, % 38 36 0.85
Family history of CAD, % 69 73 0.43
Indications for inclusion, %
History of MI 63 58 0.33
History of bypass surgery 65 61 0.45
History of PTCA/stent 42 49 0.20

Drug Tolerance and Compliance

These data have been reported previoesiyompliance was
good to excellent: 89% of active and 85% of placebo patients
followed the treatment plan without deviation. Drug was well
tolerated. Only 2 active therapy and 3 placebo patients
permanently discontinued therapy2 weeks early. Overall,
36 (24%) of azithromycin and 17 (11%) of placebo patients

experienced some adverse effect during the 3-month treat-

ment period P=0.003). Adverse effects were believed to be
possibly or probably drug related in 25 active (17%) and 11
placebo (7%) patientsP&0.011). They were usually mild,

Azithromycin in Coronary Artery Disease 1757

and 13 versus 18 events between 6 and 24 months in the
azithromycin and placebo groups, respectively.

The frequency of individual first primary events in the 2
treatment groups was generally similar (Table 2). A total of
63 events were noted during the study, including multiple
events in the same patient. These included 9 cardiovasculal
deaths, 1 resuscitated cardiac arrest, 10 Mls, 4 strokes, 1F
unstable anginal episodes, and 24 unplanned coronary revas
cularizations. A nonsignificant reduction in total events was
noted in the azithromycin group (28 compared with 35 in the
placebo groupP=0.35). The frequency of each event type by
treatment group is shown in Table 3. For none of the event
types was there a significant difference, although fewer
unplanned coronary revascularizations were performed in the
azithromycin group.

Discussion

Summary of Study Results

This double-blind, randomized, secondary prevention study
of moderately large size in CAD patients with serologic
evidence of priorC pneumoniaeexposure did not show a
significant reduction in events by antibiotic (azithromycin)
therapy at 2 years and is adequately powered to exclude &
marked 50%) early reduction in events, as reported in a
previous study> Our earlier report of a gradual reduction in
inflammatory markers with azithromycin, first appearing at 6
months?7 is consistent with the possibility that clinical effects
(ie, reduced ischemic events) might be delayed until after the
onset of the anti-inflammatory effect. This again contrasts

occasionally moderate, and most frequently gastrointestinal with 2 smaller studie?:2¢ in which large early apparent

(31 active, 12 placebo patien8:=0.002), including nausea,
diarrhea, or flatulence.

Clinical Cardiovascular Events

A total of 47 patients (15.6%) experienced. primary event
over the course of the trial; 22 patients were in the azithro-
mycin group, and 25 were in the placebo group. Event-free
survival plots for the 2 treatment groups are shown in the
Figure. There was no significant difference in the combined
primary end point between the 2 groups (hazard ratio for
azithromycin, 0.89; 95% CI, 0.51 to 1.6B=0.74). The
distribution of events was 9 versus 7 events within 6 months

[+ Azithromycin —o—Placebo |
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Kaplan-Meier primary event-free survival curves during 2 years
of follow-up for patients randomized to azithromycin or placebo.

benefits were reported. The reports based on these earlier
smaller studies thus appear to be overly enthusiastic; how-
ever, we believe our results should encourage rather than
discourage additional studies based on more realistic
expectations.

Pathophysiological Considerations

Our results are consistent with 3 possibilities: (1) a noncausal
role of C pneumoniagn CAD pathogenesis, (2) a smaller
benefit for antibiotic therapy (eg, 20% to 30% beneficial
effect), or (3) a causal role f@ pneumoniaevith the present
negative results explained by inefficiency of the antibiotic
regimen used. Additional studies (some underway) will be
necessary to distinguish among these possibilities. In our
previous report, 3 months of azithromycin therapy led to a
gradual reduction in the inflammatory marker index (com-

TABLE 2. Effect of Therapy on First Primary Clinical Events

Event Azithromycin, n ~ Placebo, n P

Total 22 25 0.67
CV death 5 4 0.72
Resuscitated cardiac arrest 1 0.31
Nonfatal M 4 6 0.53
Hospitalization for unstable angina 3 2 0.64
Unplanned revascularization 8 11 0.50
Nonfatal stroke 1 2 0.57

CV indicates cardiovascular.
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TABLE 3. Effect of Therapy on Overall Numbers of Primary bacterial HSP-60 may persist for some time after completion
Clinical Events of antibiotic therapy and therefore result in a delayed clinical
response. Certainly, further studies evaluating potential

Event Azithromycin, n Placebo, n P ) T .
mechanisms whereby antibiotic therapy may result in a
Total 28 35 0.35 S )
delayed clinical response would be of interest.
CV death 5 0.74 Alternatively, our data also are consistent with ineffective
Resuscitated cardiac arrest 1 0.32 therapy by our antibiotic regimen against persistent, patho-
Nonfatal MI 4 0.52 genic C pneumoniaeor a noncausal role of “commensal”
Hospitalization for unstable angina 8 0.79 C pneumoniaénfections in coronary artery pathogenesis.
Unplanned revascularization 9 15 0.20 . . .
Nonfatal stroke 1 3 031 Comparisons With Previous and Current

Antibiotic Trials

Our performance of a secondary prevention antibiotic study
) . was stimulated by our finding of a surprisingly high preva-
posite of IL-1, ”",6‘ CR,P’ and TNF) compared with . lence of chlamydial antigen in coronary atherectomy speci-
placebo that was first ewdent_at 6 mpnths. I correct, th's mens and by the promising results of antibiotic therapy in our
temporal pattern is more consistent with a gradual ramping o nimal model and in a pilot clinical study from the United
down of the inflammatory response to atherosclerosis with Kingdoms.23.25

plaque stabilization than an acute nonspecific antibiotic effect Gupta et & stimulated interest in clinical antibiotic trials
(Infections requiring antibiotics were reduced during the 3 | iy o pilot study in the United Kingdom: 60 survivors of
months of active therapy). It might be speculated that & 4ote M with persistently elevated antichlamydial antibody
reduction in clinical events could be delayed beyond 6 iiers (=1:64) were randomized to receive placebo, a single
months. The lower event rate in the azithromycir? than 3-day course of azithromycin (500 mg/d), or 2 courses 3
placebo group after 6 months (13 versus 18), while not yonths apart. Compared with patients in the placebo group

CV indicates cardiovascular.

significant, is consistent with this possibility. plus a nonrandomized group with high antibody titers,
This hypothesis is also consistent with currently suspected azjthromycin-treated patients showed an apparent reduction
atherogenic mechanisms GfpneumoniaeC pneumoniags in cardiovascular events over 18 months (from 28% to 8%,

capable of infecting both endothelial cells and macro- p—_q o3).

phages? Activated foamy macrophages appear to play a  gybsequent to the initiation of our study, Gurfinkel e¢al
critical role in the pathogenesis of unstable atherosclerotic 550 reported on a pilot antibiotic trial from Argentina,
plaques. It has been shown that cell cultures of monocytes Rox|S: 202 patients presenting with unstable angina or
may be transformed into activated macrophages through thenon_Q-wave MI were randomized on hospital admission to
addition of oxidized LDL to the culture mediuffi Kalayoglu roxithromycin, 150 mg twice daily, or placebo for 30 days.
and Byrné® recently reported that in a similar model, Rates of recurrent angina (2 versus 5), acute MI (0 versus 2),
infection with C pneumoniaesignificantly accelerates the  or death (0 versus 2), or any event (2 versus 9) tended to be
development of foam cells and permits this transformation to reduced at 1 monthP=0.03). After 6 months of follow-up,
occur at much lower levels of LDL in the culture medium.  there remained a nominal difference in cardiovascular events
Additionally, they have reported that it is the lipopolysaccha- petween the treated and control groups, but the difference wa:s
ride (LPS) component of the bacterial membrane that inducesno |onger statistically significant (8.7% versus 14.6%,
such an effect It is possible that chlamydial LPS may p=0.26)36 This study raised the possibility that antibiotic
persist within the atherosclerotic plaque for some time after therapy might provide specific early benefit in the setting of
the organism has been killed by antibiotic therapy, as was an acute coronary syndrome.
potentially demonstrated by findings from our study in @  Qur study results contrast with these earlier studies in
rabbit modePs3 In this study, acceleration of intimal thicken-  several ways. We randomized a much larger sample than
ing was significantly reduced by 7 weeks of azithromycin Gupta et al (300 compared with 60) and gave more intensive
therapy, but chlamydial antigens were still detectable. Al- antibiotic therapy (7.5 compared with 1.5 to 3.0 g azithromy-
though this may have occurred simply because of incomplete cin over 3 months) but did not demonstrate a dramatic early
chlamydial eradication, it is possible that nonviable bacterial reduction in clinical event®’ In fact, we observed no trend
antigens remained. toward benefit until after 12 to 18 months of follow-up, the
Heat shock proteins (HSPs) have been demonstrated to beend point of clinical follow-up in the study of Gupta et al.
produced in association with stress of a variety of tyjses. The study of Gurfinkel et & was of intermediate size (200
One in particular, HSP-60, has been shown to have indepen-patients) and used roxithromycin; their report of a trend in
dent atherogenic propertiés.Recently, Kol et & docu- adverse events reduction (2 versus 9) at 1 month also stand:
mented the colocalization of chlamydial HSP-60 within in contrast to our study. It should be stressed, however, that
human atherosclerotic tissue. They also documented a corre-Gurfinkel et al studied acute coronary syndrome patients and
lation between HSP-60 and, in atherosclerotic foam cells, the a different antibiotic regimen, so differences in outcome
production of matrix metalloproteinases, enzymes capable of could occur on the basis of differences in the patient popu-
degrading the strength of the atherosclerotic intimal€as lation and treatment. Between 1 and 6 months, no further
in the case of chlamydial LPS, it is also possible that the separation of event curves was observed (differences no
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