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A BS T R AC T
Background

Cryptococcal meningitis accounts for 20 to 25% of acquired immunodeficiency
syndrome–related deaths in Africa. Antiretroviral therapy (ART) is essential for
survival; however, the question of when ART should be initiated after diagnosis of
cryptococcal meningitis remains unanswered.
Methods

We assessed survival at 26 weeks among 177 human immunodeficiency virus–infected
adults in Uganda and South Africa who had cryptococcal meningitis and had not
previously received ART. We randomly assigned study participants to undergo either
earlier ART initiation (1 to 2 weeks after diagnosis) or deferred ART initiation (5 weeks
after diagnosis). Participants received amphotericin B (0.7 to 1.0 mg per kilogram
of body weight per day) and fluconazole (800 mg per day) for 14 days, followed by
consolidation therapy with fluconazole.
Results

The 26-week mortality with earlier ART initiation was significantly higher than with
deferred ART initiation (45% [40 of 88 patients] vs. 30% [27 of 89 patients]; hazard
ratio for death, 1.73; 95% confidence interval [CI], 1.06 to 2.82; P = 0.03). The excess
deaths associated with earlier ART initiation occurred 2 to 5 weeks after diagnosis
(P = 0.007 for the comparison between groups); mortality was similar in the two
groups thereafter. Among patients with few white cells in their cerebrospinal fluid
(<5 per cubic millimeter) at randomization, mortality was particularly elevated with
earlier ART as compared with deferred ART (hazard ratio, 3.87; 95% CI, 1.41 to 10.58;
P = 0.008). The incidence of recognized cryptococcal immune reconstitution inflammatory syndrome did not differ significantly between the earlier-ART group and the
deferred-ART group (20% and 13%, respectively; P = 0.32). All other clinical, immunologic, virologic, and microbiologic outcomes, as well as adverse events, were similar between the groups.
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Conclusions

Deferring ART for 5 weeks after the diagnosis of cryptococcal meningitis was
associated with significantly improved survival, as compared with initiating ART
at 1 to 2 weeks, especially among patients with a paucity of white cells in cerebrospinal fluid. (Funded by the National Institute of Allergy and Infectious Diseases
and others; COAT ClinicalTrials.gov number, NCT01075152.)
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ryptococcus neoformans is the most
common cause of meningitis in adults in
sub-Saharan Africa,1-5 and meningitis caused
by C. neoformans accounts for approximately 20 to
25% of deaths from the acquired immunodeficiency syndrome (AIDS) in Africa.6-9 Determining
when antiretroviral therapy (ART) should be initiated after a diagnosis of cryptococcal meningitis
involves balancing the survival benefit conferred
by ART against the risk of the immune reconstitution inflammatory syndrome (IRIS), a paradoxical
reaction that occurs during immunologic recovery with ART despite effective therapy for the opportunistic infection. Since 2009, the international
standard of care has shifted toward earlier ART
initiation after diagnosis of an opportunistic infection; most of the evidence in support of this
strategy is for tuberculosis, particularly in persons
with CD4 cell counts lower than 50 per cubic
millimeter.10-13
Conflicting data regarding the relationship
between the timing of ART for cryptococcosis
and the outcome pose a therapeutic dilemma.
Three randomized trials have differed with respect to both the timing of ART initiation and the
results.13-15 The AIDS Clinical Trials Group A5164
trial, involving 41 U.S. and South African participants with cryptococcosis who were receiving
amphotericin-based treatment, showed nonsignificant decreases in the rates of death and AIDS
progression among those who were randomly
assigned to earlier ART initiation (<14 days after
diagnosis; median, 12 days), as compared with
those assigned to deferred ART initiation (>28 days
after diagnosis; median, 45 days).13,16 In contrast,
in a group of 54 patients in Zimbabwe treated
with fluconazole monotherapy (800 mg per day),
mortality was higher among those randomly assigned to immediate ART (median, <24 hours)
than among those assigned to deferred ART
(median, 10 weeks).14 A third randomized trial,
involving 27 patients in Botswana, showed no
significant difference in the survival rate but a
higher incidence of IRIS with earlier ART.15 All
three trials were underpowered to provide definitive guidance. In addition, earlier ART has
been found not to be beneficial for tuberculous
meningitis17; thus, the timing of ART that provides the greatest therapeutic benefit in patients
with central nervous system (CNS) infections may
differ from the timing in patients with non-CNS
infections.
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We designed the Cryptococcal Optimal ART
Timing (COAT) Trial to determine whether
earlier or deferred ART confers a survival benefit, given the equipoise between the risk of
cryptococcal IRIS and the benefit of ART. After
initiation of ART, cryptococcal IRIS occurs in
approximately 14 to 30% of persons whose
cryptococcosis has been successfully treated.10,11
IRIS may be fatal when it occurs in the brain.18,19
However, earlier ART initiation is beneficial after
opportunistic infections not involving the
CNS.10-13 We hypothesized that ART initiation
1 to 2 weeks after diagnosis of cryptococcal
meningitis, during the second week of amphotericin-based therapy in the hospital, would improve the 26-week survival rate, as compared with
ART initiation at approximately 5 weeks after
diagnosis, provided on an outpatient basis.

me thods
Study Population and Setting

We enrolled patients at Mulago Hospital, Kampala,
and Mbarara Hospital, Mbarara — both in Uganda
— and at GF Jooste Hospital in Cape Town, South
Africa, beginning in November 2010, February
2011, and April 2011, respectively. Patients with
suspected meningitis were screened at the time
of hospital presentation and counseled regarding
cryptococcosis, HIV and AIDS, ART, and possible
research participation. Eligibility criteria for enrollment were an age of 18 years or older, a diagnosis of human immunodeficiency virus (HIV)
infection, no previous receipt of ART, a diagnosis
of cryptococcal meningitis based on cerebrospinal fluid (CSF) culture or CSF cryptococcal antigen assay, and treatment with amphotericinbased therapy. Exclusion criteria were an inability
to undergo follow-up, contraindication for or
refusal to undergo lumbar punctures, multiple
concurrent CNS infections, previous cryptococcosis, receipt of chemotherapy or immunosuppressive agents, pregnancy, breast-feeding, and
serious coexisting conditions that precluded random assignment to earlier or deferred ART. Women included in the study agreed to use two forms
of contraception, because high-dose fluconazole
is potentially teratogenic during the first trimester of pregnancy. Written informed consent was
obtained from each participant or his or her surrogate. The institutional review board at each participating site approved the study.
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Study Treatment

Patients entered the trial after 7 to 11 days of antifungal treatment. Participants were randomly
assigned to receive either ART initiated within
48 hours after randomization (earlier-ART group)
or ART initiated 4 weeks after randomization
(deferred-ART group). Cryptococcal induction therapy consisted of 2 weeks of treatment with amphotericin B (0.7 to 1.0 mg per kilogram of body weight
per day) combined with fluconazole (800 mg per
day), a regimen that is consistent with international
guidelines.20,21 Flucytosine, although it is the most
effective drug to combine with amphotericin, is unavailable in low-income and middle-income countries.22,23 Enhanced consolidation therapy consisted
of 800 mg of fluconazole per day for at least
3 weeks or until a CSF culture was sterile, followed by 400 mg of fluconazole per day thereafter,
for a total consolidation period of at least 12 weeks.
Secondary prophylaxis with fluconazole (200 mg
per day) was then continued for at least 1 year.
ART regimens, which were selected before randomization, consisted of either zidovudine or
stavudine, each with lamivudine and efavirenz.
Tenofovir was avoided as an initial ART medication because of concern about potential nephrotoxicity with concomitant amphotericin treatment.
The President’s Emergency Plan for AIDS Relief (PEPFAR) provided support for HIV care but
not for research. ART was provided by PEPFAR
in Uganda and by the Department of Health in
South Africa. Merck Sharp & Dohme donated a
reserve supply of efavirenz but did not have any
other involvement in any aspect of the trial.

for the control of intracranial pressure (a median of three lumbar punctures). Routine care
included the administration of intravenous fluids (≥2 liters per day), electrolyte management,
and trimethoprim–sulfamethoxazole prophylaxis.
Participants were followed daily while hospitalized, then every 2 weeks for 12 weeks and monthly
thereafter through 46 weeks. For details of study
conduct, see the protocol and statistical analysis
plan, available with the full text of this article at
NEJM.org.
Study End Points

The primary end point was survival at 26 weeks.
(The results of the primary analysis are expressed
in the text as mortality at 26 weeks.) The secondary
end points were survival through 46 weeks, cryptococcal IRIS, relapse of cryptococcal meningitis,
fungal clearance, virologic suppression (<400 copies
per milliliter) at 26 weeks, adverse events (grades 3
to 5), and ART discontinuation for more than 3 days
for any reason. Cryptococcal IRIS was defined in
accordance with the published case definition.24
An external panel of three physicians who were
not aware of ART timing adjudicated IRIS events
and deaths. Relapse of cryptococcal meningitis
was defined as recurrence of symptoms and increasing growth of cryptococcus in CSF quantitative culture after 4 weeks of treatment. Fungal
clearance was assessed with the use of the early
fungicidal activity method.25 Adverse events were
classified according to the 2009 Division of AIDS
toxicity scale.
Interim Monitoring

Randomization and Follow-up

We used a computer-generated, permuted-block
randomization algorithm with blocks of different
sizes in a 1:1 ratio, stratified according to site and
the presence or absence of altered mental status
at the time that informed consent was obtained
(Glasgow Coma Scale score ≤14 vs. 15; scores can
range from 3 to 15, with lower scores indicating
reduced levels of consciousness). Sequentially numbered, opaque, sealed envelopes stored in a lockbox
contained the randomization assignments for
enrolled participants. Envelopes were opened after written informed consent had been obtained.
After the initial diagnostic lumbar puncture,
therapeutic lumbar punctures were performed,
with the use of manometers, on day 7 and day 14
of amphotericin therapy and additionally as needed
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The National Institute of Allergy and Infectious
Diseases data and safety monitoring board for
African studies reviewed interim analyses annually.
A Lan–DeMets spending-function analogue of the
O’Brien–Fleming boundaries was proposed to control the type I error resulting from multiple interim
analyses. After the second review in April 2012, the
data and safety monitoring board recommended
stopping enrollment because of substantial excess
mortality with earlier ART. Enrollment was stopped
on April 27, 2012, with 177 participants enrolled.
Statistical Analysis

We compared the primary end point (survival at
26 weeks) in the treatment groups using timeto-event methods with Cox proportional-hazards
models. The study was statistically powered to
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detect a 25% relative survival benefit (absolute
benefit, 15 percentage points) with 90% power
and an overall two-sided alpha level of 0.05 with
an intended sample size of 500 participants. The
a priori assumption was that the survival rate at
26 weeks would be 40 to 50% with the deferredART strategy.19,26-30 Survival at 26 weeks was compared among prespecified subgroups defined according to baseline characteristics, with the use
of models including an interaction term between
treatment group and subgroup.
Categorical secondary end points were compared with the use of Fisher’s exact test. To account for the competing risk of death, the cumulative incidence function was used to compare the
end points of IRIS, relapse, and adverse events between treatment groups.31 A linear mixed-effects
regression model fit with a random intercept and
slope was used to estimate the rate of fungal
clearance, measured as the log10 decrease in colonyforming units (CFU) of cryptococcus per milliliter
of CSF per day among all participants for whom
two or more cultures were available.22 All analyses were conducted with SAS software version 9.3
(SAS Institute), according to the intention-to-treat
principle, on the basis of a two-sided type I error
with an alpha level of 0.05.
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Figure 1 (facing page). Screening and Randomization.
Of 237 patients with cryptococcal meningitis, 177 were
enrolled in the study after 7 to 11 days of antifungal treatment. One participant randomly assigned to receive
earlier antiretroviral therapy (ART) withdrew consent
2 days after randomization. All other participants were
followed for 46 weeks or until death. No participants
were lost to follow-up. Analyses were performed according to the intention-to-treat principle. Randomization was stratified according to site and the presence
or absence of altered mental status (Glasgow Coma
Scale [GCS] score <15) at the time informed consent
was obtained (within 48 hours before randomization).

tion (both were included in the intention-to-treat
analysis). In the deferred-ART group, 18 participants (20%) died after randomization and before
the ART-initiation window closed (42 days) and
never received ART, 1 participant with Kaposi’s
sarcoma started to receive ART 5 days before the
4-week window opened, for clinical reasons, 62
participants (70%) started within their assigned
window, 6 participants (7%) started to receive
ART after 42 days, and 2 participants (2%) died
after 42 days without receiving ART. The initial
ART regimens were zidovudine, lamivudine, and
efavirenz in 80% of participants; stavudine, lamivudine, and efavirenz in 19%; and tenofovir, lamivudine, and efavirenz in 1%. Switches to a second
ART regimen occurred in 46% of participants (72
R e sult s
of 156); in 52 patients, the switch was to tenofoParticipants
vir. Participants initially receiving stavudine were
Among the 389 patients with suspected meningitis systematically switched to tenofovir at 12 weeks.
who were screened, 177 with cryptococcal meningitis were randomly assigned to a treatment group Primary End Point
after a median of 8 days of amphotericin therapy The proportion of participants who died by 26 weeks
(interquartile range, 7 to 8) (Fig. 1). The demo- was greater in the earlier-ART group than in the
graphic and baseline clinical characteristics of the deferred-ART group (40 of 88 [45%] vs. 27 of 89
study participants were typical of those for patients [30%]; hazard ratio for death, 1.73; 95% confidence
with cryptococcal meningitis and did not differ interval [CI], 1.06 to 2.82; P = 0.03) (Fig. 2). The difsignificantly between treatment groups (Table 1). ference in mortality between the two groups ocLinkage to outpatient care occurred for 99% of curred early during treatment, during study days
participants, 94% missed one or no study visits, 8 through 30 (2 to 5 weeks after diagnosis), when
and vital status at 46 weeks was known for all participants were receiving consolidation flucon177 participants except 1, who withdrew consent. azole therapy (800 mg per day). During this period,
The total follow-up time was 100.7 person-years. 21 of 75 participants (28%) in the earlier-ART group
The median times from diagnosis of cryptococ- and 8 of 80 (10%) in the deferred-ART group died
cal meningitis to ART initiation were 9 days (inter- (hazard ratio, 3.10; 95% CI, 1.37 to 7.00; P = 0.007).
quartile range, 8 to 9) in the earlier-ART group Mortality did not differ significantly thereafter
and 36 days (interquartile range, 34 to 38) in the (P = 0.87). Between weeks 26 and 46, 1 participant
deferred-ART group. In the earlier-ART group, randomly assigned to the earlier-ART group and
1 participant died after randomization but before 2 participants randomly assigned to the deferredthe initiation of ART, and 1 started to receive ART group died (overall hazard ratio at 46 weeks,
ART but withdrew consent 2 days after randomiza- 1.66; 95% CI, 1.03 to 2.68; P = 0.04).
2490
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389 Patients were assessed for eligibility

152 Were excluded
147 Had concomitant conditions diagnosed
30 Had tuberculous meningitis
19 Had viral meningitis
15 Had bacterial meningitis
2 Had cerebral malaria
14 Had another condition
67 Had an unknown condition
4 Died (within 1 day of screening)
1 Left hospital

237 Tested positive for cryptococcal meningitis
(CSF culture or cryptococcal antigen assay)

60 Were excluded
29 Died
15 Were not eligible
4 Had cryptococcal meningitis previously
2 Had previously received ART
2 Were unable to attend clinic visits
1 Was pregnant
1 Did not meet age requirement
1 Did not meet criteria for duration of
amphotericin treatment
4 Had unknown reasons
5 Left hospital
4 Declined to participate
4 Had concomitant conditions diagnosed
1 Had tuberculous meningitis
1 Had viral meningitis
1 Had another condition
1 Had an unknown condition
3 Had other reasons
2 Sought HIV care elsewhere
1 Had unknown reason

177 Underwent randomization
115 Were from Kampala
35 Were from Mbarara
27 Were from Cape Town

88 Were assigned to earlier ART
12 Had GCS score <15
6 Were from Kampala
5 Were from Mbarara
1 Was from Cape Town
76 Had GCS score of 15
51 Were from Kampala
12 Were from Mbarara
13 Were from Cape Town

89 Were assigned to deferred ART
12 Had GCS score <15
7 Were from Kampala
4 Were from Mbarara
1 Was from Cape Town
77 Had GCS score of 15
51 Were from Kampala
14 Were from Mbarara
12 Were from Cape Town

Subgroup Analyses

We assessed prespecified subgroups to determine
whether differences in survival between treatment
groups at 26 weeks were dependent on participants’ baseline clinical characteristics (Fig. 3). The
n engl j med 370;26

only characteristic with a significant interaction
was the white-cell count in CSF at randomization (P = 0.02 for interaction) (Fig. 2B, 2C, and 3).
For the subgroup with a CSF white-cell count of
less than 5 cells per cubic millimeter, mortality
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Table 1. Baseline Characteristics According to Treatment Group.*
Characteristic

Earlier ART
(N = 88)

Deferred ART
(N = 89)

Median age (IQR) — yr

35 (28–40)

36 (30–40)

Male sex — no. (%)

46 (52)

Median weight (IQR) — kg†

47 (53)

53.0 (46.5–58.8)

54.1 (48.3–59.0)

Glasgow Coma Scale score at screening — no. (%)
15

67 (76)

62 (70)

14

13 (15)

14 (16)

11–13

6 (7)

7 (8)

≤10

2 (2)

6 (7)

14 (7–28)

14 (7–25)

Median duration of headache (IQR) — days
CSF characteristics at diagnosis‡
Median opening pressure (IQR) — mm H2O

280 (190–360)

260 (180–410)

Opening pressure >250 mm H2O — no./total no. (%)

46/79 (58)

38/74 (51)

Median quantitative culture result (IQR) — log10 CFU/ml

5.3 (4.2–5.7)

4.8 (3.8–5.5)

Median cryptococcal antigen titer (IQR)§

1:8000 (1:2000–1:16,000)

Median white-cell count (IQR) — cells/mm3

1:4000 (1:1000–1:14,400)

9 (4–85)

25 (4–110)

White-cell count <5 cells/mm3 — no./total no. (%)

36/80 (45)

27/83 (33)

Median protein level (IQR) — mg/dl

99 (46–185)

106 (61–181)

220 (120–300)

200 (124–300)

CSF characteristics at randomization¶
Median opening pressure (IQR) — mm H2O
Opening pressure >250 mm H2O — no./total no. (%)

26/71 (37)

25/65 (38)

Median quantitative culture result (IQR) — log10 CFU/ml

2.5 (0.2–4.0)

2.3 (0.0–3.4)

Median white-cell count (IQR) — cells/mm3

13 (4–96)

18 (4–80)

White-cell count <5 cells/mm3 — no./total no. (%)

33/75 (44)

31/71 (44)

Median protein level (IQR) — mg/dl

105 (50–196)

No lumbar puncture performed — no. (%)

95 (70–148)

9 (10)

8 (9)

64 (73)

67 (75)

Active tuberculosis — no. (%)
None
Previous, completed treatment

7 (8)

7 (8)

14 (16)

10 (11)

Current, receiving a 2-drug consolidation regimen

3 (3)

5 (6)

Previous AIDS-related opportunistic infection — no. (%)

7 (8)

7 (8)

Current, receiving an induction regimen

Median hemoglobin level (IQR) — g/dl
At diagnosis of cryptococcal meningitis
At randomization

11.0 (8.9–12.7)

11.5 (9.3–13.2)

9.2 (7.6–10.9)

8.9 (7.6–10.3)

Median CD4 cell count (IQR) — cells/mm3

19 (9–69)

28 (11–76)

Median HIV RNA level (IQR) — log10 copies/ml

5.5 (5.2–5.8)

5.5 (5.3–5.8)

* ART denotes antiretroviral therapy, CFU colony-forming units, CSF cerebrospinal fluid, and IQR interquartile range. P values (based on the
chi-square or Wilcoxon test) were greater than 0.10 for all between-group comparisons.
† Data on weight were unavailable for 13 participants in the earlier-ART group and 11 in the deferred-ART group, who were too severely ill to
stand.
‡ Quantitative culture data were not available for 4 participants in the earlier-ART group and 2 participants in the deferred-ART group, because
their first lumbar puncture was performed at an outside facility. Opening CSF pressure was not measured in 9 participants in the earlier-ART
group and 15 participants in the deferred-ART group, because their initial lumbar puncture was performed by physicians not involved in the
study.
§ Titers were determined with the use of a lateral flow assay.
¶ Data were collected during the period from day 7 to day 11 of amphotericin therapy (median, day 8) and before randomization and were
available for 75 participants in the earlier-ART group and 71 participants in the deferred-ART group.
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was higher with earlier ART than with deferred
ART (hazard ratio, 3.87; 95% CI, 1.41 to 10.58;
P = 0.008). In contrast, the survival rate was similar between treatment groups in the subgroup
with CSF white-cell counts of 5 cells per cubic
millimeter or higher at randomization (hazard
ratio, 0.88; 95% CI, 0.46 to 1.71; P = 0.71). Earlier

ART was not favorable in any subgroup analyzed,
including participants at high risk for death, such
as those with CD4 cell counts of less than 50 per
cubic millimeter (hazard ratio, 1.74; 95% CI, 0.93
to 3.24) and those with an altered mental status
(Glasgow Coma Scale score <15) at randomization (hazard ratio, 2.96; 95% CI, 1.00 to 8.80).

A Overall Survival

Cumulative Probability of Survival

1.0

0.8
Deferred ART
0.6
Earlier ART
0.4

P=0.03

0.2

0.0

0

1

2

4

6

8

10

12

Months since Randomization
No. at Risk
Earlier ART
Deferred ART

88
89

54
72

51
67

47
62

47
62

B Survival in Those with CSF White-Cell Count ≥5 Cells per mm3

Cumulative Probability
of Survival

Cumulative Probability
of Survival

at Randomization

1.0
0.8
Earlier ART
Deferred ART
0.4

P=0.71

0.2
0.0

0

1

2

4

6

8

10

42
59

C Survival in Those with CSF White-Cell Count <5 Cells per mm3

at Randomization

0.6

46
61

1.0

0.6
Earlier ART

0.4

P=0.008

0.2
0.0

12

Deferred ART

0.8

0

1

2

Months since Randomization
No. at Risk
Earlier ART
Deferred ART

4

6

8

10

12

Months since Randomization
No. at Risk

42 29 26
40 28 25

24
22

24
22

23
22

21
22

Earlier ART
Deferred ART

33 19 19
31 28 27

17
26

17
26

17
26

16
24

Figure 2. Cumulative Probability of Survival According to Timing of ART.
Overall survival from randomization (time 0) at 7 to 11 days after diagnosis of cryptococcal meningitis to 46 weeks is shown in Panel A.
Earlier ART initiation, at 7 to 13 days after diagnosis, was associated with a risk of death within 26 weeks that was 15 percentage points
higher than that associated with ART initiation at 5 weeks after diagnosis (P = 0.03). Panels B and C show survival stratified according to
the cerebrospinal fluid (CSF) white-cell count at the time of randomization. Among study participants with a paucity of CSF white cells
(<5 cells per cubic millimeter), mortality was significantly higher with earlier ART initiation than with deferred ART initiation (P = 0.008).
In all panels, the vertical dashed line at 1 month indicates the time of ART initiation in the deferred-ART group. The primary outcome
was the survival at 26 weeks (vertical dashed line at 6 months).
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Hazard Ratio (95% CI)

P Value

P Value for
Interaction

All Patients
6-Mo mortality
Overall mortality
Days 0–7
Days 8–30
Days 31–183

88
88
88
75
54

40
41
12
21
8

89
89
89
80
72

27
29
9
8
12

1.73 (1.06–2.82)
1.66 (1.03–2.68)
1.39 (0.59–3.30)
3.10 (1.37–7.00)
0.92 (0.35–2.43)

0.03
0.04
0.46
0.007
0.87

76
12

30
10

77
12

22
5

1.54 (0.89–2.67)
2.96 (1.00–8.80)

0.12
0.05

29
58

13
26

34
54

10
16

1.83 (0.80–4.17)
1.74 (0.93–3.24)

0.15
0.08

Subgroup
GCS score within
48 hr of randomization
15
<15
CD4 cell count at randomization
≥50/mm3
<50/mm3
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Figure 3. Subgroup Analyses of Mortality.
Prespecified subgroups were assessed to determine whether differences in survival between treatment groups at 26 weeks were dependent on baseline clinical characteristics. Values for subgroups are 6-month mortality. The CSF white-cell count at randomization was the
only characteristic with a significant interaction, which suggested a differential response to the timing of ART initiation.

Participants at lower risk for death, such as those the cumulative incidence of recognized cryptowith a lower CSF fungal burden at day 7 of antifun- coccal IRIS did not differ significantly between
gal therapy, also did not benefit from earlier ART. the earlier-ART group and the deferred-ART group
(20% [17 of 87] and 13% [9 of 69], respectively;
Secondary End Points
P = 0.32) (Fig. S1 in the Supplementary Appendix,
The timing of ART initiation did not influence available at NEJM.org). As expected, CD4 cell counts
any of the secondary end points (Table 2). Even and virologic responses differed during the first
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Table 2. Secondary Outcomes in the Two Treatment Groups.*
Outcome

Earlier ART

Deferred ART
No. of
Patients

No. of
Events

Cumulative
Incidence
(95% CI)

20 (12–29)

69

9

13 (6–22)

0.32

28

37 (26–49)

80

31

39 (28–50)

0.87

88

2

2 (<1–7)

89

8

9 (4–16)

0.06

Grade 3–5

88

73

84 (74–90)

89

75

84 (75–91)

0.98

Grade 4 or 5

88

49

56 (45–66)

89

47

53 (42–63)

0.64

ART discontinuation for ≥3 days

87

5

6 (2–13)

69

1

1 (0–8)

0.23

Plasma HIV RNA level <400 copies/ml at 26 wk

47

43

91 (80–98)

59

49

83 (71–92)

0.26

No. of
Patients

No. of
Events

Cryptococcal IRIS†

87

17

CSF culture positive at 14 days of amphotericin
therapy‡

76

Cryptococcal meningitis relapse§

Cumulative
Incidence
(95% CI)
percent

P Value

percent

Adverse events¶

* The cumulative incidence of immune reconstitution inflammatory syndrome (IRIS), relapse, and adverse events and associated P values were
calculated with Gray’s method to account for the competing risk of death.31 Other percentages and associated P values were calculated with
exact methods for binomial proportions.
† IRIS events among patients who received ART are included. The presence of IRIS was determined by an external adjudication panel on the
basis of the consensus case definition for cryptococcal IRIS.24
‡ Data for day 14 lumbar puncture were missing for 18 participants in the earlier-ART group: 12 who died, 1 who withdrew consent, and 5 who declined to undergo lumbar puncture. Data were missing for 12 participants in the deferred-ART group: 6 who died and 6 who declined to undergo
lumbar puncture. Results of CSF cultures that were sterile before day 14 were carried forward if a quantitative culture was not available at day 14.
§ Cryptococcal relapse was defined as recurrence of symptoms and increasing cryptococcal growth in CSF quantitative culture after 4 weeks.
¶ Grade 5 events (deaths) were not related to cryptococcal meningitis. Adverse events were defined in accordance with the 2009 version of
the National Institute of Allergy and Infectious Diseases Division of AIDS classification scale.

month after randomization (with and without ART),
but values converged by 26 weeks (Fig. S2 in the
Supplementary Appendix). Earlier ART did not increase the rate of cryptococcal clearance in CSF;
early fungicidal activity was −0.31 CFU per milliliter per day in both treatment groups (95% CI,
−0.33 to −0.28; 166 participants), with similar
rates of CSF culture positivity at 14 days (37% in
the earlier-ART group and 39% in the deferredART group, P = 0.87). Among 59 participants with
positive CSF cultures at 14 days, the median cryptococcal growth was 100 CFU per milliliter (interquartile range, 15 to 500), with no significant difference between treatment groups (P = 0.13); only
5 participants had more than 10,000 CFU per milliliter in CSF. Adverse events were frequent and primarily attributable to amphotericin, and the rates
did not differ significantly between the treatment
groups (Fig. S3 and Table S1 in the Supplementary
Appendix). Thus, earlier ART initiation did not have
any advantages over deferred ART initiation with
respect to secondary end points.

cryptococcal meningitis–related deaths in the
earlier-ART group (19, vs. 10 deaths in the deferredART group). The other causes of death in the earlierART group and deferred-ART group, respectively,
were bacterial sepsis (9 and 7 deaths), tuberculosisrelated causes (2 and 2), IRIS-related causes (1
and 2), cryptococcal meningitis relapse (0 and 2),
adverse events due to medication (2 and 0), pulmonary embolism (2 and 2), hypokalemia or hypovolemia (0 and 1), and unknown causes (2 and 3);
causes of death reported only in the earlier-ART
group were toxoplasmosis (1), intracranial pressure (1), head trauma (1), and multifactorial
causes (1). Twenty-seven postmortem examinations were performed (for 39% of deaths), and
external adjudication was in agreement with 88%
of clinician-ascertained cryptococcal meningitis–
related causes of death, with disagreements reconciled after review of additional clinical and postmortem data.
Thirteen cryptococcal meningitis–related deaths
occurred between 2 and 5 weeks after diagnosis
(10 in the earlier-ART group and 3 in the deferredCauses of Death
ART group) and were judged to be caused by the
The causes of death were similar in the two treat- initial cryptococcosis rather than separate, disment groups, with the exception of an excess of tinct cryptococcal-IRIS events. Of the 10 patients
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who died from cryptococcal meningitis–related
causes in the earlier-ART group between 2 and
5 weeks after diagnosis, 5 had CSF opening
pressures below 250 mm of water at their last
lumbar puncture, and 7 had decreases greater
than 3 log10 CFU of cryptococcus per milliliter
in their CSF cultures. Thus, clinically it is unclear whether these excess deaths in the earlierART group were directly due to sequelae of
cryptococcal meningitis or due to IRIS.
CSF White-Cell Count

Earlier ART did have a detectable effect on the
immune response in CSF. At day 14 of amphotericin treatment, the proportion of participants
who had CSF white-cell counts of 5 per cubic
millimeter or higher was greater with earlier initiation of ART (median, 6 days of ART) than with
deferred initiation (58% vs. 40%, P = 0.047). The
difference was accounted for by an influx of CSF
white cells in 10 of the 23 participants (43%) in
the earlier-ART group who did not have CSF pleocytosis at diagnosis, as compared with none
of the 20 participants without pleocytosis in the
deferred-ART group, who were not yet receiving
ART (P = 0.001). With earlier ART, it was difficult
to determine whether deterioration early after
randomization was due to cryptococcal IRIS or to
progressive sequelae of cryptococcal meningitis.
Nevertheless, earlier ART initiation was associated
with significant excess mortality.

Discussion
This multisite randomized trial showed that deferring ART until 5 weeks after the start of amphotericin therapy improved survival rates among
patients with cryptococcal meningitis, as compared
with initiating ART at 1 to 2 weeks. This improved
survival associated with deferring ART was observed in patients with advanced HIV infection,
including patients with severe disease, such as
those with CD4 cell counts of less than 50 per
cubic millimeter, altered mental status, or lack of
CSF pleocytosis. The higher short-term mortality
observed with earlier ART initiation in this trial
may relate to the site of infection in the anatomically constrained CNS.
This adverse effect of earlier ART after cryptococcosis may involve unrecognized increases in
inflammatory responses in the CNS due to ARTassociated immune reconstitution in the first
2496
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month after ART initiation. Earlier ART also does
not appear to be beneficial in the treatment of
HIV-associated tuberculous meningitis.26 In contrast to these meningitis results, earlier ART has
been shown to reduce AIDS-defining events and
deaths in a group of patients with various opportunistic infections,13 as well as among persons
with noncerebral tuberculosis who had CD4 cell
counts of less than 50 per cubic millimeter.10,11
Thus, the outcomes and consequences of CNS
infections, such as cryptococcal and tuberculous
meningitis, differ from those of other AIDSrelated opportunistic infections, in that earlier
ART can be detrimental in CNS infections14,17
but can be beneficial overall in non-CNS opportunistic infections.16
We observed the highest risk of death with
earlier ART among participants with low numbers
of CSF white cells at randomization. A paucity of
CSF white cells has previously been reported as
a significant risk factor for cryptococcal IRIS.32,33
In tuberculosis, earlier ART is associated with a
risk of IRIS that is three to six times as high as
the risk associated with deferred ART 10-12,34; however, unlike cryptococcal IRIS, tuberculosis IRIS
outside the CNS is rarely fatal.35,36 Therefore, we
hypothesize that earlier ART is most harmful in
high-risk persons with a predisposition to cryptococcal IRIS (i.e., those without CSF inflammation) and that this effect drove the overall results
of our trial. IRIS with CNS infections initiates
local inflammation in a confined space, within
intracranial structures that are permissive neither
to inflammation nor to compression.17,19,37 Persons who have not fully recovered from their initial
meningitis episode may not survive a second insult due to IRIS. A limitation of the IRIS case
definition is the requirement for previous clinical improvement.24 For the earlier-ART group,
clinicians and the adjudication committee were
often unable to discern whether progressive
clinical deterioration was due to complications
of cryptococcosis or to cryptococcal IRIS,
which probably resulted in an ascertainment
bias, with underdetection of early IRIS events.
Conversely, the cryptococcal IRIS case definition
performed well for later IRIS events, in scenarios
in which patients had clinical improvement,
started to receive ART, and then had clinical
deterioration.
The differences in mortality between the two
treatment groups were of sufficient magnitude
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that the trial was stopped early by the data and
safety monitoring board. As a result, the treatment groups in the COAT Trial did not reach the
proposed cohort size. Historically, trials stopped
early have routinely overestimated the magnitude
of benefit or harm.38,39 Moreover, the smaller
sample limits the power for subgroup analyses
to provide customized guidance for care of individual patients. This limitation is particularly
notable for study participants with CSF pleocytosis,
for whom definitive guidance on ART initiation
was not determined; however, earlier ART was not
beneficial in our analysis. Nevertheless, we believe the main finding of this multisite treatmentstrategy trial is generalizable to affected persons
in resource-limited and high-income countries.
COAT Trial participants received a high level of
care from experienced clinicians.20,21 Persons presenting with suspected meningitis underwent lumbar puncture promptly, and comprehensive CSF
diagnostic tests were performed with standardized
checklists.2 Intracranial pressure was monitored
routinely, and elevated pressure was managed with
a median of three therapeutic lumbar punctures
during hospitalization. A strength of the trial was
the extensive inpatient HIV counseling with systematic linkage to outpatient care; 99% of pa-

tients were retained in care as outpatients. The
survival rate in both treatment groups was improved as compared with our historical prospective experience with the use of amphotericin and
the same deferred-ART regimens (6-month survival
rate, 40 to 50%).19,26-29,40 Indeed, the improved outcomes in this trial suggest that increased survival
is possible in resource-limited settings.20 However,
earlier ART initiation during hospitalization does
not improve survival.
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