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Background: Patients infected with HIV who experience in-
creases in CD4* cell counts are at reduced risk for opportunistic
infections. However, the safety of discontinuing prophylaxis
against Mycobacterium avium complex has been uncertain.

Objective: To compare the rate of M. avium complex infection
in patients with increased CD4* cell counts who receive azithro-
mycin and those receiving placebo.

Design: Randomized, double-blind, placebo-controlled trial.
Setting: 29 university-based clinical centers in the United States.

Participants: 643 HIV-1-infected patients with a previous CD4*
cell count less than 0.05 x 10° cells/L and a sustained increase to
greater than 0.10 x 10° cells/L during antiretroviral therapy.

Intervention: Azithromycin, 1200 mg once weekly (n = 321), or
matching placebo (n = 322).

Measurements: Mycobacterium avium complex cultures, CD4*
cell counts, and clinical evaluations for AIDS-defining illnesses
and bacterial infections were done every 8 weeks. Plasma HIV-1
RNA levels were measured at 16-week intervals.

Results: During follow-up (median, 16 months), 2 cases of M.
avium complex infection were reported among the 321 patients
assigned to placebo (incidence rate, 0.5 event per 100 person-
years [95% Cl, 0.06 to 1.83 events per 100 person-years]) com-
pared with no cases among the 322 patients assigned to azithro-
mycin (Cl, 0 to 0.92 events per 100 person-years), resulting in a
treatment difference of 0.5 event per 100 person-years (Cl, —0.20
to 1.21 events per 100 person-years) for placebo versus azithro-
mycin. Both cases were atypical in that M. avium complex was
localized to the vertebral spine. Patients receiving azithromycin
were more likely than those receiving placebo to discontinue
treatment with the study drug permanently because of adverse
events (8% vs. 2%; hazard ratio, 0.24 [CI, 0.10 to 0.57]).

Conclusions: Prophylaxis against Mycobacterium avium com-
plex can safely be withdrawn or withheld in adults with HIV
infection who experience increases in CD4" cell count while
receiving antiretroviral therapy.
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he routine use of chemoprophylaxis against Mycobacte-

rium avium complex infection has been recommended
for HIV-1-infected adults and adolescents if they have a
CD4" T-lymphocyte count less than 0.05 X 107 cells/L
(1). Clarithromycin or azithromycin are the preferred pro-
phylactic agents. The superiority of azithromycin or clar-
ithromycin over rifabutin for prevention of infection with
M. avium complex has been established by randomized
clinical trials in patients with HIV infection and CD4™"
cell counts less than 0.10 X 10 cells/L (2, 3). Earlier data
have suggested that use of M. avium complex prophylaxis
is associated with survival benefit (4).

The advent of potent combination antiretroviral ther-
apy has been accompanied by marked declines in the rates
of all opportunistic infections (5-8). Both observational

and randomized studies have suggested that the immuno-
logic improvements seen with potent antiretroviral ther-
apy, as measured by increases in CD4" cell count, were
accompanied by a reduction in clinical events (5-9). How-
ever, the available data are inadequate to guide decisions
about the use of prophylaxis against M. avium complex for
patients who experienced sustained increases in CD4 ™" cell
count above thresholds of risk. For example, there is con-
cern that patients with a CD4" cell nadir less than
0.05 X 10 cells/L may have incomplete restoration of im-
mune function with potent antiretroviral therapy (10).
To determine the need for continued prophylaxis
against M. avium complex, we conducted a multicenter
clinical trial of azithromycin in patients with a previous

CD4™" cell count less than 0.05 X 10° cells/L who experi-
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enced an increase to greater than 0.10 X 107 cells/L. The
primary objective was to compare the rate of M. avium
complex infection in patients who were randomly assigned
to azithromycin therapy and those assigned to placebo on
the basis of a standard superiority hypothesis. Secondary
objectives were to compare the rates of azichromycin-pre-
ventable diagnoses and AIDS-defining infections in these
patients.

METHODS
Patients

Participants were recruited from AIDS Clinical Trials
Group study sites located at university-based outpatient
clinics. Patients were required to have documented HIV
infection and CD4™" cell counts of 0.05 X 107 cells/L or
less (either on two occasions at least 7 days apart or a single
CD4 " cell count = 0.05 X 10? cells/L with no documen-
tation of a count > 0.15 X 10” cells/L in the previous 3
months) followed by a documented increase in CD4 ™" cell
count to 0.10 X 107 cells/L or more on two separate oc-
casions at least 4 weeks apart, with no intervening values
less than 0.10 X 107 cells/L. Further eligibility criteria
were receipt of antiretroviral therapy, a Karnofsky score of
at least 50, and no documented previous positive culture
for M. avium complex from the blood or another usually
sterile body site. Laboratory requirements were a hemo-
globin level of 80 g/L or greater, alkaline phosphatase and
total bilirubin levels less than 2.5 times the upper limit of
normal, and serum aminotransferase concentrations less
than five times the upper limit of normal. The protocol
was approved by the institutional review board at the 29
participating sites, and each patient gave written informed
consent before enrollment.

Patients were randomly assigned in a 1:1 ratio to re-
ceive 1200 mg of azithromycin once weekly or matching
placebo. Both participants and staff were blinded to the
treatment assignment throughout the study. Randomiza-
tion was stratified by three categories of previous M. avium
complex prophylaxis: no previous prophylaxis, previous
prophylaxis containing azithromycin, and previous pro-
phylaxis with agents other than azithromycin. Patients
were randomly assigned in permuted blocks of four within
each stratification level. Randomization was dynamically
balanced within study center, with a maximum allowed
imbalance between treatment groups of 2 patients. The
study was designed to enroll 636 patients in the course of
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1 year, with follow-up for 1.5 years after the last patient
had been enrolled. Patients were required to have a culture
for M. avium complex at baseline; patients with positive
cultures were ineligible and were withdrawn from the
study. Ten mL of blood was collected for mycobacterial
cultures in acid citrate dextrose tubes and shipped over-
night with refrigerant packs at —20 °C to a central labora-

tory (Non-tuberculous Mycobacterial Reference Labora-
tory, Childrens Hospital, Los Angeles, California) (11).

Outcome Measures

At 8-week intervals, patients were evaluated for clinical
end points and blood was collected for mycobacterial cul-
tures and measurement of CD4 ™" cell counts. Information
was also collected on clinical signs and symptoms, adverse
events, and adherence to therapy with study drug and an-
tiretroviral agents. Adverse events were classified by using
the Division of AIDS Table for Grading the Severity of
Adult Adverse Experiences. Plasma HIV-1 RNA levels
were measured at entry and week 8 and then at 16-week
intervals. Patients whose CD4 " cell count decreased to less
than 0.05 X 107 cells/L on two consecutive occasions were
switched to therapy with open-label azithromycin and
remained in follow-up for M. avium complex and other
infections. Infections considered preventable by azithro-
mycin prophylaxis were bacterial infections (sinusitis,
pneumonia, bacterial diarrheal diseases, sepsis, and deep-
tissue infections), Preumocystis carinii pneumonia, toxoplas-
mosis, and cryptosporidiosis (3, 12, 13). AIDS-defining
clinical events (14) were reviewed in a blinded fashion by
the study chair; only those that met the criteria defined in
the study protocol were included as events in the analysis.

Statistical Analysis

The sample size of 318 per group was calculated by
using the method of Rubinstein and colleagues (15) to
provide 90% power for detecting a twofold difference in
the rate of M. avium complex disease (5% yearly rate in the
azithromycin group vs. 10% in the placebo group, or a
corresponding hazard ratio of 2.05). The sample size cal-
culations assumed a 1-year accrual period and 1.5 years of
additional follow-up and accounted for loss to follow-up
from death and other causes.

The primary end point of the study was time to de-
velopment of M. avium complex disease, defined by
growth from a usually sterile site, such as blood, lymph
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node, liver, or bone marrow. An intention-to-treat ap-
proach was used to compare the strategies of randomly
assigning patients to azithromycin therapy or placebo. The
protocol analysis plan specified that a stratified log-rank
test would be used to compare the time to M. avium com-
plex infection between the two treatment groups, with
stratification by levels of previous M. avium complex pro-
phylaxis. However, because of the rarity of this end point
during follow-up, exact confidence intervals for the inci-
dence rate within each study group for the difference
between treatment groups were instead calculated on the
basis of the Poisson distribution.

Baseline characteristics were compared between treat-
ment groups by using the Fisher exact test for discrete
variables or the Wilcoxon rank-sum test for continuous
variables. Standard survival methods—Kaplan—Meier sur-
vival estimates, estimated hazard ratios (with 95% Cls),
and log-rank tests—were used to compare time to other
events (permanent treatment discontinuation, death, and
clinical end points) between the two study groups. All haz-
ard ratios are reported for placebo versus azithromycin, so
that estimates greater than 1 suggest a protective benefit of
azithromycin.

Multivariate Cox proportional hazards models were fit
to evaluate the time to first AIDS-defining illness or diag-
nosis that was potentially preventable by azithromycin
therapy, both to adjust the treatment effect for possible
confounders and to identify other important risk factors.
Separate Cox models were fit for each end point of interest.
The potential confounders considered were sex, ethnicity
(white or nonwhite), previous prophylaxis against M.
avium complex (yes or no), previous P. carinii prophylaxis
with trimethoprim—sulfamethoxazole (yes or no), previous
AIDS-defining illness (=1 or none), Karnofsky score (=80
or >80), intravenous drug use (current or previous vs.
none), age, lowest preentry CD4™" cell count, number of
weeks receiving combination therapy before study entry,
time since nadir CD4" cell count, and baseline plasma
HIV-1 RNA levels. The latter six covariates were consid-
ered to be continuous predictors. The CD4 " cell count
was divided by 50 so that the hazard ratio represents the
change in hazard for each 50-cell increase in CD4™" cell
count.

A generalized estimating equation approach was used
to compare trajectories of CD4" cell counts over time
between treatment groups while accounting for correlation
between CD4 " cell measurements from the same patient
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(16). A similar approach was used to compare plasma
HIV-1 RNA trajectories between treatment groups with
respect to the percentage below the limit of quantification
(500 copies/mL) over the study period. The Stata statistical
software package (Stata Corp., College Station, Texas) was
used to obtain exact confidence intervals for incidence of
M. avium complex infection; the SAS statistical package
(SAS Institute, Inc., Cary, North Carolina) was used for
all other statistical analyses.

Safety Monitoring

Plans for interim monitoring included two reviews of
safety and efficacy data by an independent Data and Safety
Monitoring Board. Two stopping guidelines were specified
at each review. The first was based on identification of a
significant treatment difference between azithromycin and
placebo, and the second was based on detecting a yearly
rate of M. avium complex infection of less than 5% in the
placebo group. Significance levels at interim analyses were
adjusted for multiple looks by using O’Brien—Fleming
bounds. At the second interim review by the Data and
Safety Monitoring Board (in July 1999), the yearly rate of
M. avium complex infection in the placebo group was sig-
nificantly less than 5%; the second stopping guideline was
therefore met. Data presented include those obtained dur-
ing follow-up through October 1999, at which time sites
were notified that blinded administration of study drugs
would be discontinued.

Role of the Study Sponsor

Pfizer, Inc., supplied azithromycin and matching pla-
cebo and funding for the M. avium complex cultures and
viral load testing. The sponsor had no role in the collection
or analysis of the data or in the decision to submit the
paper for publication. Dr. Knirsch, a representative of
Pfizer, Inc., was a member of the study team and reviewed
the protocol and protocol amendments, reviewed the sta-
tistical reports, and reviewed the manuscript after prepara-
tion by the study team.

RESULTS

The study opened to accrual in October 1997 and
closed to accrual in April 1999. During that time, 644
patients were enrolled from 29 centers over 19 months.
One patient was mistakenly enrolled and was excluded
from all analyses.
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Table 1. Baseline Characteristics of the Study Patients by Treatment Group*

Characteristic All Patients
(n = 643)
Sex, n (%)
Male 561 (87)
Female 82 (13)
Ethnicity, n (%)
White 370 (58)
Black 131 (20)
Hispanic 117 (18)
Asian 20 (3)
American Indian 5 (1)
Intravenous drug use at baseline, n (%)
Never 546 (85)
Current 5()
Previous 92 (14)
Median age at baseline, y 40
CD4™ cell count
Median count, cells X 10°/L 0.226
Latest preentry value, n (%)
<0.1 cells X 10°/L 1(0)
0.1-0.199 cells X 10°/L 239 (37)
0.2-0.299 cells X 10°/L 208 (32)
0.3-0.5 cells X 10°/L 152 (23)
>0.5 cells X 10°/L 43 (7)
Median weeks since preentry CD4*
cell count was <0.05 cells X 10°/L 96.9
Baseline HIV-1 RNA level, n (%)
=500 copies/mL (undetectable) 407 (63)
500 to <20 000 copies/mL 110 (17)
=20 000 copies/mL 96 (15)
Missing/unknown 30 (5)
MAC prophylaxis status, n (%)
No prophylaxis 235 (37)
Previous prophylaxis with azithromycin 288 (45)
Other MAC prophylaxis 120 (19)

Azithromycin Recipients Placebo Recipients

(n=322) (n=321)
283 (88) 278 (87)
39 (12) 43 (13)
187 (58) 183 (57)
57 (18) 74 (23)
61 (19) 56 (17)
13 (4) 7(2)
4(1) 1(0)
274 (85) 272 (85)
2(1) 3 (1)
46 (14) 46 (14)
40 39
0.235 0.219
0(0) 1(1)
111 (34) 128 (40)
107 (33) 101 (31)
79 (25) 73 (22)
25 (8) 18 (6)
95.5 99.4
202 (62) 205 (64)
62 (19) 48 (15)
39 (12) 57 (18)
19 (7) 11 @3)
117 (36) 118 (37)
145 (45) 143 (45)
60 (19) 60 (19)

* MAC = Mycobacterium avium complex.

The demographic characteristics of the 643 patients
were well balanced across treatment groups (Table 1). The
median time receiving potent combination antiretroviral
therapy at study entry was 42 weeks. Thirty-seven percent
of the patients had no record of previous prophylaxis
against M. avium complex. Azithromycin prophylaxis had
been used in the past by 288 patients (45%), and 120
patients (19%) had received some other form of prophy-
laxis against M. avium complex. All 643 patients had doc-
umented sterile blood cultures at entry.

The median duration of follow-up was 69 weeks
(range, 8 to 114 weeks). The length of follow-up and the
percentage of patients lost to follow-up were similar in
both treatment groups. Eight patients experienced a de-
cline in CD4" cell count to less than 0.05 X 107 cells/L
and were switched to open-label therapy azithromycin (2
in the azithromycin group and 6 in the placebo group;
P = 0.147). Seventy-three patients discontinued participa-
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tion in the study. Sixty-three patients (9.8% [30 in the
azithromycin group and 33 in the placebo group]) were
lost to follow-up (they declined to have further contact,
were unable to be followed, or specified another reason),
and 10 patients died. The median follow-up time for pa-
tients who had discontinued participation in the study at
the time of the final analysis was 10.8 months for azithro-
mycin recipients and 11.4 months for placebo recipients.
The baseline characteristics of the patients who discontin-
ued follow-up were similar between the two treatment
groups (data not shown) and were similar to those shown
in Table 1 for all patients.

An additional 67 patients discontinued study treat-
ment but continued to be followed for all study end points
without receiving treatment. Seven patients (6 in the
azithromycin group and 1 in the placebo group) stopped
taking the study medication because of protocol-defined
toxicities and 24 patients (19 in the azithromycin group
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and 5 in the placebo group) stopped therapy because of
milder toxicities (Table 2). Overall, the rate of treatment
discontinuation due to toxicity was significantly higher in
the azithromycin group (8%) than in the placebo group
(2%) (hazard ratio, 4.2 [95% CI, 1.7 to 10.3]; 2 < 0.001).
The remainder of the reasons for treatment discontinua-
tion were unrelated to toxicity.

Development of M. avium Complex Infection

After a median follow-up of 69 weeks, two cases of M.
avium complex infection were reported among the 321
patients assigned to placebo (incidence rate, 0.5 event per
100 person-years [CI, 0.06 to 1.83 events per 100 person-
years]) and none were reported among the 322 patients
assigned to azithromycin therapy (incidence rate, 0 events
per 100 person-years [CI, 0 to 0.92 events per 100 person-
years]), for a treatment difference of 0.5 event per 100
person-years (CI, —0.20 to 1.21 events per 100 person-
years) for placebo versus azithromycin. Although the treat-
ment groups did not significantly differ in the rate of M.
avium complex infection, the upper confidence limit of the
rate in the placebo group was less than 5% at the second
interim analysis, thus meeting one of the criteria for early
stopping.

Both cases were atypical for M. avium infection with-
out systemic signs or symptoms. Mycobacterium avium
complex was isolated from vertebral bone and paraspinal
masses causing localized neurologic symptoms and not from

blood. Both cases occurred in men who had a history of
P. carinii pneumonia and had previously received M. avium
complex prophylaxis. At the study visit before the clinical
event (weeks 32 and 20), the two patients had plasma
HIV-1 RNA levels less than 500 copies/mL and CD4 " cell
counts of 0.306 X 10” cells/L and 0.203 X 10 cells/L.

Diagnoses Potentially Preventable by Azithromycin
Prophylaxis

The rate of infections that may be prevented by
azithromycin prophylaxis was slightly lower among pa-
tients assigned to azithromycin (13 events among 13 pa-
tients) than those assigned to placebo (21 events among 19
patients); however, this difference did not reach statistical
significance (hazard ratio, 1.51 [CI, 0.75 to 3.70]) (Table
3 and Figure). Overall, the rate of such infections was 4.3
events per 100 person-years of follow-up (CI, 2.97 to 5.98
events per 100 person-years). In a Cox proportional haz-
ards model that controlled for ethnicity, previous M.
avium complex prophylaxis, previous P. carinii pneumonia
prophylaxis, previous AIDS-defining illness, age, Karnof-
sky score, intravenous drug use, and lowest preentry CD4 "
cell count, only weeks receiving previous combination anti-
retroviral therapy and female sex were significant predictors
of time to first azithromycin-preventable infection. Of the
82 enrolled women, 8 (9.8%) developed one or more of
these infections, whereas only 24 of the 561 men (4.3%)
developed an infection.

Table 2. Treatment Discontinuation, Adverse Events, and Death

Variable All Patients Azithromycin Placebo Hazard Ratio Log-Rank
(n = 643) Recipients Recipients (95% Ch* P Value
(n =322) (n=321)
n (%)
Any permanent treatment discontinuation 140 (22) 74 (23) 66 (21) 0.88 (0.63-1.23) >0.2
Any discontinuation of study follow-up 73 (1) 33 (10) 40 (12) 1.25 (0.79-1.98) >0.2
Lost to follow-up 63 (10) 30(9) 33 (10) 1.14 (0.69-1.87) >0.2
Death 10 (1.6) 3(0.9) 7(2.2) 2.36 (0.61-9.13) 0.2
Permanent treatment discontinuation due
to adverse events 31 (5) 25 (8) 6 (2) 0.24 (0.10-0.57) <0.001
Adverse events
Severe adverse events (grade 3 toxicity)
Signs/symptoms 8 (18) 53 (16) 65 (20) 1.28 (0.89-1.83) 0.188
Laboratory toxicities 118 (20) 59 (18) 68 (21) 1.19 (0.84-1.69) >0.2
Either 212 (33) 100 (31) 112 (35) 1.18 (0.90-1.55) >0.2
Life-threatening adverse events (grade 4
toxicity)
Signs/symptoms 10 (2) 5(2) 5(2) 1.02 (0.29-3.52) >0.2
Laboratory toxicities 59 (9) 23 (7) 36 (11) 1.60 (0.95-2.71) 0.074
Either 67 (10) 26 (8) 41 (13) 1.62 (0.99-2.65) 0.051

* Hazard ratio calculated from Cox proportional hazards model comparing placebo with azithromycin.
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Figure. Time to first azithromycin-preventable diagnosis
(top) and first AIDS-defining illness (bottom) in patients
receiving azithromycin prophylaxis (solid line) or
placebo (dotted line).
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Log-rank P values comparing azithromycin with placebo were 0.25 (13 of 322
patients receiving azithromycin and 19 of 321 patients receiving placebo) for time
to first azithromycin-preventable diagnosis and 0.016 (4 of 322 patients and 14 of
321 patients) for time to first AIDS-defining diagnosis.

AIDS-Defining Illnesses

Nineteen AIDS-defining events developed in 18 pa-
tents during follow-up. These events are summarized by
treatment group in Table 3. The overall incidence rate of
AIDS-defining events was 2.4 events per 100 person-years
(CI, 1.44 to 3.74 events per 100 person-years). The me-
dian CD4™" cell count at the last visit before an AIDS-
defining event was 0.251 X 10” cells/L (range, 0.033 to
0.648 X 107 cells/L). Of note, the time to development of
a new or recurrent AIDS-defining illness was significantly
longer for patients assigned to azithromycin therapy (haz-
ard ratio, 3.60 [CI, 1.19 to 10.95]; P = 0.016) (Figure),
but the number of patients with events was relatively small.
In a Cox proportional hazards model, baseline plasma
HIV-1 RNA level and CD4" cell count were significant
predictors in addition to azithromycin treatment; the treat-

498 |3 October 2000 | Annals of Internal Medicine | Volume 133 * Number 7

ment effect (hazard ratio, 3.66 [CI, 1.18 to 11.34]) re-
mained significant even after controlling for these baseline

predictors (Table 4). Results of the Cox model are shown
in Table 4.

Changes in Plasma HIV-1 RNA Level and CD4*
Cell Counts

At baseline, 66% of patients with available baseline
measurements in each treatment group had plasma HIV-1
RNA levels less than 500 copies/mL (baseline values were
missing for 30 patients). After the baseline visit, the pro-
portion of patients with plasma HIV-1 RNA levels less
than 500 copies/mL was slightly lower in the placebo
group; this difference was marginally significant over all
study visits (P = 0.051).

At baseline, the median CD4" cell count was
0.02 X 10” cells/L lower among patients assigned to pla-
cebo than among those assigned to azithromycin; this dif-
ference between the study groups persisted over time, lead-
ing to a marginally significant difference (P = 0.097).
Overall, the CD4" cell count increased by about
0.006 X 107 cells/L for every 8 weeks of study, and this
increase over time was statistically significant (2 < 0.001).

Adverse Events

The proportion of patients who discontinued treat-
ment because of toxicity was significantly higher among
azithromycin recipients than placebo recipients (Table 2).
The proportion of patients with signs or symptoms that
were severe (grade 3) or life-threatening (grade 4) was 16%
in the azithromycin group and 20% in the placebo group
(hazard ratio, 1.28 [CI, 0.89 to 1.83]; P = 0.188). The
most common symptoms were aches and pains (49 pa-
tients), diarrhea (16 patients), fever (13 patients), and
headache (12 patients). The proportion of study patients
who developed a severe (grade 3) or life-threatening (grade
4) laboratory toxicity (18% of those receiving azithromycin
and 21% of those receiving placebo) did not differ signif-
icantly (hazard ratio, 1.19 [CI, 0.84 to 1.69]; P> 0.2).
Patients assigned to placebo had a marginally significantly
higher rate of grade 4 laboratory toxicities than did those
assigned to azithromycin therapy (11% vs. 7%; hazard ra-
tio, 1.60 [CI, 0.95 to 2.71]; P = 0.074) and a marginally
significantly higher rate of any grade 4 adverse event (13%
vs. 8%; hazard ratio, 1.62 [CI, 0.99 to 2.65]; P = 0.051).
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Table 3. Clinical Events by Treatment Group

Type of Event All Patients Azithromycin Placebo Hazard Ratio Log-Rank
(n = 643) Recipients Recipients (95% Ch)* P Value
(n = 322) (n=321)
n (%)
Conditions potentially preventable by azithromycin
prophylaxist
Mycobacterium avium complex infection 2(0.3) 0(0.0) 2(0.6)
Pneumocystis carinii pneumonia, histologically proven 1(0.2) 1(0.3) 0(0)
P. carinii pneumonia, clinical diagnosis 3(0.5) 1(0.3) 2(0.6)
Bacterial pneumonia 9(1.4) 2 (0.6) 7.2)
Bacterial sinusitis 7(1.1) 3(0.9) 4(1.3)
Bacterial gastrointestinal diseaset 2(0.3) 2(0.6) 0(0.0)
Bacterial sepsis 3(0.5) 1(0.3) 2(0.6)
Bacterial deep-tissue infection 6 (0.9) 3(0.9) 3(0.9)
Cryptosporidiosis 1(0.2) 0(0.0) 1(0.3)
Total 34 13 21
Patients with one or more conditions potentially
preventable by azithromycin prophylaxis 32 (5.0) 13 (4.0) 19 (5.9) 1.5 (0.75-3.07) >0.2
AIDS-defining illnessest
M. avium complex infection 2(0.3) 0(0.0) 2 (0.6)
P. carinii pneumonia, histologically proven 1(0.2) 1(0.3) 0(0.0)
P. carinii pneumonia, clinical diagnosis 3(0.5) 1(0.3) 2 (0.6)
Cytomegalovirus retinitis 2(0.3) 0 (0.0) 2(0.6)
Viral esophagitis 1(0.2) 0(0.0) 1(0.3)
Cryptosporidiosis 1(0.2) 0(0.0) 1(0.3)
Esophageal candidiasis 6 (0.9) 2(0.6) 4(1.3)
Kaposi sarcoma 2(0.3) 0(0.0) 2 (0.6)
HIV wasting syndrome 1(0.2) 1(0.3) 0(0.0)
Total 19 5 14
Patients with one or more AIDS-defining illness 18 (2.8) 4(1.2) 14 (4.4) 3.60 (1.19-10.95) 0.016

* Hazard ratio calculated from Cox proportional hazards model comparing placebo with azithromycin.
1 “n” refers to the number of cases of the condition; the percentage of patients is given in parentheses.

¥ Infection with Clostridium difficile.

Discussion

Our results support the growing consensus that potent
antiretroviral therapy can reverse susceptibility to multiple
opportunistic infections. Among patients with AIDS who
experienced increases in CD4 " cell counts from less than
0.05 X 107 cells/L to greater than 0.10 X 10 cells/L while
receiving potent antiretroviral therapy, the rate of M.
avium complex infection over a median follow-up of 16
months was very low. The incidence of M. avium complex
infection in the placebo group was 2 of 321 patients, or 0.5
event per 100 person-years, a rate substantially lower than
that achieved by prophylaxis before the use of potent anti-
retroviral therapy (2, 3). For example, in the California
Collaborative Treatment Group study of M. avium com-
plex prophylaxis, the incidence of disseminated infection in
patients with CD4" cell counts less than 0.10 X 10’
cells/L was 15.3 per 100 patient-years with rifabutin, 7.6
per 100 patient-years with azithromycin, and 2.8 per 100
patient-years with both drugs.
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The two cases of M. avium complex infection observed
in patients assigned to placebo were localized to the verte-
bral spine and paraspinal soft tissues, with neither systemic
symptoms nor bacteremia. Several case reports and clinical
series have identified localized and atypical cases of M.
avium complex infection among responders to antiretrovi-
ral therapy (17-22). In general, these reports have de-
scribed localized inflammatory disease in the lymph nodes
with fever in patients who recently started receiving pro-
tease inhibitor—containing regimens. Because many of the
reported cases occurred shortly after initiation of potent
antiretroviral therapy in patients with a history of very low
CD4 " cell counts, these cases may represent unmasking of
subclinical mycobacterial disease by increased inflamma-
tion from an improved immune response to M. avium
complex (14). The two cases in our study did not appear to
fit this pattern because the duration of time since the first
CD4" cell count greater than 0.10 X 10” cells/L occurred
43 and 65 weeks before the diagnosis of M. avium complex
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Table 4. Multivariate Cox Proportional Hazards Models

Estimated Hazard P Value
Ratio (95% ClI)

Baseline Predictor Patients, n

First AIDS-defining illness* 6121
Treatment
CD4™ cell count
Log,o RNA copies
First diagnosis potentially
preventable by
azithromycin
prophylaxist 643
Weeks receiving highly
active antiretroviral
therapy 0.99 (0.97-0.99) 0.037
Female sex 2.13 (0.95-4.77) 0.066

3.66 (1.18-11.34) 0.025
1.14 (0.99-1.32) 0.066
1.59 (1.09-2.31) 0.015

* Nonsignificant baseline predictors (2 < 0.1 based on a forward or backward selection model)
were age, intravenous drug use, previous AIDS-defining illness, previous Mycobacterium avium
complex prophylaxis, previous Preumocystis carinii pneumonia prophylaxis, sex, previous weeks
receiving combination therapz, ethnicity, Karnofsky score, lowest preentry CD4" cell count,
and weeks since lowest CD4 " cell count.

T Thirty-one patients for whom data on log;, RNA copies at baseline were excluded from
analysis.

¥ Nonsignificant baseline predictors (P < 0.1 based on a forward or backward selection model)
were treatment, age, intravenous drug use, previous AIDS-defining illness, previous M. avium
complex prophylaxis, previous P. carinii pneumonia prophylaxis, ethnicity, Karnofsky score,
lowest preentry CD4" cell count, and weeks since lowest CD4 " cell count.

infection. Although these unusual presentations are rare,
clinicians should be aware that they can occur many
months after sustained increases in CD4 ™" cell count occur
(20).

In addition to these unusual cases of M. avium com-
plex, opportunistic infections occurred in several patients
despite sustained increases in CD4 " cell count and sup-
pressed viral load (median CD4 " cell count before a new
opportunistic infection, 0.251 X 107 cells/L). These results
suggest that more sensitive markers of ongoing risk for
opportunistic infection may be needed to identify the rare
patient who remains at risk despite an increased CD4 ™ cell
count.

The rate of other infections potentially prevented by
azithromycin, such as bacterial infections and . pneumo-
nia, were reduced in both the azithromycin and placebo
groups. Of note, women had twice the risk for an azithro-
mycin-preventable infection compared with men; although
this difference was only marginally significant, it is notable
that a sex difference in the rate of bacterial infections has
been reported but remains unexplained (23, 24). The pro-
tective effect of a longer duration of combination anti-
retroviral therapy on the rate of azithromycin-preventable
diagnoses is consistent with the theory that immune recon-
stitution continues to improve over time.

The low incidence of M. avium complex and other
opportunistic infections in our study severely limited its
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power to detect prophylactic effects of azithromycin. De-
spite this limitation, we were surprised to find that the rate
of new or recurrent AIDS-defining illnesses was signifi-
cantly decreased in the azithromycin group compared with
the placebo group. This difference did not result from
lower rates of recurrent bacterial pneumonia or P. carinii
pneumonia. Thus, azithromycin seemed to have benefited
the patients by a mechanism independent of prophylaxis
against opportunistic infections, such as M. avium complex
or bacterial and P. carinii pneumonia. One potential
mechanism is prevention of mucosal colonization and local
invasion of respiratory or gastrointestinal flora by azithro-
mycin. Such suppression of mucosal colonization might
reduce immune activation. However, the lower rate of
AIDS-defining illnesses in the azithromycin group must be
interpreted with caution. The number of AIDS-defining
events was low (z = 19), and although losses to follow-up
were similar in the treatment groups, undetected clinical
events may have occurred in patient who were lost to
follow-up. Because this protection was unanticipated and
not found in a similar study (25), it is not an adequate
basis for recommending azithromycin prophylaxis.

Another recenty published study that compared
weekly azithromycin prophylaxis with use of placebo in
patients similar to ours observed no M. avium complex
infections in 520 patients after a median of 12 months of
follow-up (25). Blood cultures for mycobacteria were col-
lected only at baseline in that study compared with every 8
weeks in our study. This difference was not likely to influ-
ence the conclusions, however, because even though we
routinely performed blood cultures, no patient in our
study had bacteremia. As in our study, rates of bacterial
and P. carinii pneumonia were low and did not differ be-
tween treatment groups in the previous study. In contrast
to our finding of decreased rates of new or recurrent op-
portunistic infections, that study found no differences be-
tween treatment groups in rates of progression of HIV
disease. The longer follow-up in our study (65% more
person-years) may have contributed to the differences in
the effect of azithromycin on AIDS-defining events (if in
fact it has clinical significance). The overall rate of M.
avium complex infection in the two studies combined is
estimated to be 0.16 event per 100 person-years of follow
up, strengthening the assertion of low risk.

Our results support the recently revised recommenda-
tions that it is safe to withdraw or withhold primary pro-
phylaxis against M. avium complex disease in adults with

www.annals.org



Discontinuation of Mycobacterium avium Complex Prophylaxis ARTICLE

HIV infection who experience increases in CD4 " count
cell from less than 0.5 X 10”7 cells/L to greater than
0.10 X 10 cells/L (1, 26). The consensus that prophylaxis
of M. avium complex is unnecessary for patients whose
CD4 " cell counts increase to above a previous threshold
for vulnerability to M. avium complex is paralleled by sim-
ilar findings for P. carinii pneumonia prophylaxis. Several
studies have demonstrated that both primary and second-
ary prophylaxis against P. carinii pneumonia can be dis-
continued in patients with sustained CD4" cell count
counts greater than 0.20 to 0.25 X 10° cells/L (27-35).
Likewise, several small studies have suggested that second-
ary prophylaxis against cytomegalovirus may be safely dis-
continued in patients in whom increases in CD4" cell
count are maintained (36—41).

The ability to discontinue prophylaxis of M. avium
complex infection has several advantages for patients with a
history of severe immunosuppression and for the health
care system. Benefits include a lower pill burden, which
could improve adherence to therapy; lower risk for drug
interactions; reduced risk for bacterial resistance; reduced
risk for direct toxicity of the prophylactic agent; and reduc-
tion in the costs of prophylaxis.

Several factors must be considered for applying our
results to clinical practice. Study patients were required to
have a CD4 ™" cell count greater than 0.10 X 10” cells/L at
entry; however, the median CD4 " cell count for the study
sample was higher (0.23 X 10” cells/L) and remained on
an upward trend throughout follow-up. Patients with more
modest increases in CD4" cell count or with declining
counts may not be as immunologically reconstituted as the
bulk of our patients. The optimal time to restart prophy-
laxis in patients with declining CD4 ™ cell counts was not
addressed because very few patients experienced a decline
in CD4" cell count to less than 0.5 X 107 cells/L and we
routinely restarted azithromycin in those who did. Finally,
two thirds of the study patients had plasma HIV-1 RNA
levels less than 500 copies/mL at entry, and these levels
remained suppressed throughout follow-up. Although we
observed protection against M. avium complex and other
opportunistic infections even in patients without complete
viral suppression, patients who have sustained increases in
plasma HIV-1 RNA levels may be at risk and should be
followed closely. Long-term follow-up of this cohort is on-
going to further characterize the clinical outcomes among
patients with a history of severe immunodeficiency treated
with potent combination antiretroviral therapy.
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