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ABSTRACT

BACKGROUND
Cryptococcal meningitis is a leading cause of human immunodeficiency virus (HIV)—
related death in sub-Saharan Africa. Whether a treatment regimen that includes a
single high dose of liposomal amphotericin B would be efficacious is not known.

METHODS

In this phase 3 randomized, controlled, noninferiority trial conducted in five Afri-
can countries, we assigned HIV-positive adults with cryptococcal meningitis in a
1:1 ratio to receive either a single high dose of liposomal amphotericin B (10 mg
per kilogram of body weight) on day 1 plus 14 days of flucytosine (100 mg per
kilogram per day) and fluconazole (1200 mg per day) or the current World Health
Organization-recommended treatment, which includes amphotericin B deoxycho-
late (1 mg per kilogram per day) plus flucytosine (100 mg per kilogram per day)
for 7 days, followed by fluconazole (1200 mg per day) for 7 days (control). The
primary end point was death from any cause at 10 weeks; the trial was powered
to show noninferiority at a 10-percentage-point margin.

RESULTS
A total of 844 participants underwent randomization; 814 were included in the
intention-to-treat population. At 10 weeks, deaths were reported in 101 partici-
pants (24.8%; 95% confidence interval [CI], 20.7 to 29.3) in the liposomal ampho-
tericin B group and 117 (28.7%; 95% CI, 24.4 to 33.4) in the control group (differ-
ence, —3.9 percentage points); the upper boundary of the one-sided 95% confidence
interval was 1.2 percentage points (within the noninferiority margin; P<0.001 for
noninferiority). Fungal clearance from cerebrospinal fluid was —0.40 log,, colony-
forming units (CFU) per milliliter per day in the liposomal amphotericin B group
and -0.42 log,, CFU per milliliter per day in the control group. Fewer participants
had grade 3 or 4 adverse events in the liposomal amphotericin B group than in
the control group (50.0% vs. 62.3%).

CONCLUSIONS
Single-dose liposomal amphotericin B combined with flucytosine and fluconazole
was noninferior to the WHO-recommended treatment for HIV-associated crypto-
coccal meningitis and was associated with fewer adverse events. (Funded by the
European and Developing Countries Clinical Trials Partnership and others; Ambi-
tion ISRCTN number, ISRCTN72509687.)
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RYPTOCOCCAL MENINGITIS IS THE MOST

frequent cause of adult meningitis in areas

with a high prevalence of human immu-
nodeficiency virus (HIV)“? and is the second
leading cause of HIV-related death worldwide,
with the majority of deaths occurring in sub-
Saharan Africa.® Despite widened access to anti-
retroviral therapy, there is a persistent burden of
advanced HIV disease in the sub-Saharan Afri-
can region,*® and the number of cryptococcal
meningitis cases remains high.®’

Poor outcomes with conventional antifungal
treatment regimens are a key driver of the high
mortality from cryptococcal meningitis, with a
high incidence of toxic effects with the commonly
used 2-week amphotericin B deoxycholate—based
regimens and poor efficacy with fluconazole
monotherapy, which has been associated with a
10-week mortality in excess of 50%.%° In 2018,
after the publication of the Advancing Crypto-
coccal Meningitis Treatment for Africa (ACTA)
trial,’® the World Health Organization (WHO) up-
dated international guidelines to recommend
induction therapy with the less toxic and more
efficacious 1-week regimen of amphotericin B
deoxycholate and flucytosine in resource-limited
settings."! However, even 1 week of treatment
with amphotericin B deoxycholate is associated
with anemia, kidney impairment, and electrolyte
abnormalities,® and administering and monitor-
ing intravenous amphotericin for 7 days poses
logistic challenges in many clinical settings.

Liposomal amphotericin B is potentially well
suited for use in short-course induction treat-
ments of cryptococcal meningitis because it can
be given at higher doses owing to a lower inci-
dence of drug-induced toxic effects,'*™* has a long
tissue half-life,!>'31517 and effectively penetrates
into brain tissue.’>'®! The concept of a single
high-dose intravenous infusion of liposomal am-
photericin B has been established in the treat-
ment of visceral leishmaniasis,?® and pharmaco-
kinetic data from animal models and humans
indicate that increasing the dose of liposomal
amphotericin B from the currently recommend-
ed dose of 3 to 4 mg per kilogram of body
weight may lead to improved outcomes in pa-
tients with cryptococcal meningitis and that short-
course regimens may be as effective as daily
therapy.>162122 In a phase 2 clinical trial, inves-
tigators assessed the efficacy of a short-course
regimen with a single high dose of liposomal
amphotericin B, two high doses of liposomal
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amphotericin B given on days 1 and 3, or three
high doses of liposomal amphotericin B given
on days 1, 3, and 7, as compared with the con-
trol regimen of 14 daily doses of 3 mg per kilo-
gram of liposomal amphotericin B (all four
regimens included 14 days of high-dose flucona-
zole); they showed that the rate of fungal clear-
ance from the cerebrospinal fluid with any of
the three short-course, high-dose regimens was
noninferior to that in the control group.? Maxi-
mal fungicidal activity was attained with a sin-
gle 10-mg-per-kilogram dose of liposomal am-
photericin B, and there was no evidence that
additional doses led to greater benefit — find-
ings that are in keeping with the data obtained
from animal models.”>** No safety concerns
have been identified with the use of high-dose
liposomal amphotericin B, which has a better
adverse-effect profile than that observed with
amphotericin B deoxycholate in previous trials.®*

On the basis of the findings of the phase 2
trial®® and the data from a phase 3 trial that
showed a role for flucytosine in the induction
treatment of cryptococcal meningitis,'® we con-
ducted an open-label, phase 3, randomized, con-
trolled, noninferiority trial (the Ambition trial) to
test a single high dose (10 mg per kilogram) of
liposomal amphotericin B given with oral flucy-
tosine and fluconazole for 2 weeks!® against the
WHO-recommended first-line induction treat-
ment with 1 week of amphotericin B deoxycho-
late plus flucytosine followed by 1 week of high-
dose fluconazole.

METHODS

TRIAL DESIGN AND OVERSIGHT

The trial design has been described previously,*
and the details are provided in the trial protocol,
available with the full text of this article at
NEJM.org. The protocol was approved by the
London School of Hygiene and Tropical Medi-
cine Research Ethics Committee and by the rele-
vant ethics committees and national regulatory
agencies overseeing the trial sites. All the par-
ticipants provided written informed consent. If a
participant had abnormal mental status, written
informed consent was obtained from the next of
kin; if a participant recovered the capacity to
provide consent, written informed consent was
obtained from that participant. An independent
data-monitoring committee oversaw the trial and
reviewed the trial data regularly. The trial funders,
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suppliers, and drug manufacturers had no role
in the design of the trial; in the collection,
analysis, or interpretation of the data; or in the
preparation of the manuscript or the decision to
submit it for publication. Liposomal amphoteri-
cin B was donated by Gilead Sciences; ampho-
tericin B deoxycholate was purchased from
Bristol Myers Squibb; flucytosine was purchased
from Mylan; and fluconazole was purchased from
Cipla—Medopharm. At sites where the Pfizer
Diflucan Partnership Program was operational,
fluconazole donated by Pfizer was used if avail-
able. The authors vouch for the accuracy and
completeness of the data and for the adherence
of the trial to the protocol.

TRIAL PARTICIPANTS

HIV-positive adults (218 years of age) who had a
first episode of cryptococcal meningitis, as diag-
nosed on the basis of a positive India ink stain
or cryptococcal antigen test (CrAg lateral flow
assay, IMMY) of a cerebrospinal fluid sample,
were recruited from eight hospitals: Princess
Marina Hospital, Gaborone, Botswana; Queen
Elizabeth Central Hospital, Blantyre, and Kamuzu
Central Hospital, Lilongwe, Malawi; Mitchells
Plain Hospital and Khayelitsha Hospital, Cape
Town, South Africa; Kiruddu National Referral
Hospital, Kampala, and Mbarara Regional Refer-
ral Hospital, Mbarara, Uganda; and Parirenyatwa
Central Hospital, Harare, Zimbabwe. Participants
were excluded if they had received more than
two doses of either amphotericin (at any dose) or
fluconazole (at a dose of 2800 mg) before
screening; declined to consent or, if they had
impaired capacity to consent, had no legal rep-
resentative to consent on their behalf; were
pregnant or breast-feeding; were taking contra-
indicated concomitant drugs; or had had any
previous adverse reaction to a trial drug. Late-
exclusion criteria, which were put in place to en-
able the rapid enrollment of critically ill partici-
pants pending baseline blood test results, were an
alanine aminotransferase level greater than 5 times
the upper limit of the normal range (>200 IU per
liter), a polymorphonuclear leukocyte count of
less than 500 per cubic millimeter, or a platelet
count of less than 50,000 per cubic millimeter.

INTERVENTIONS AND RANDOMIZATION

Participants underwent randomization individu-
ally and were assigned in a 1:1 ratio to receive
the experimental regimen that included a single

dose (10 mg per kilogram of body weight) of lipo-
somal amphotericin B (AmBisome, Gilead Scienc-
es) plus 14 days of flucytosine (100 mg per kilo-
gram per day) and fluconazole (1200 mg per
day)®*® or the current WHO-recommended regi-
men, which includes amphotericin B deoxycho-
late (1 mg per kilogram per day) plus flucytosine
(100 mg per kilogram per day) for 7 days, fol-
lowed by fluconazole (1200 mg per day) on days
8 through 14 (the control group). Randomization
was performed with the use of a computer-gener-
ated randomization list with block sizes of four
and six, stratified according to site. Randomiza-
tion was performed electronically with a bespoke
electronic data-capture tool in which the random-
assignment sequence was concealed from all
trial investigators involved in participant recruit-
ment. The treatment-group assignments were
provided to the recruiting teams after consent
had been obtained and the participant enrolled.
The trial medications were administered on an
open-label basis.

All the participants were treated in-hospital
for a minimum of 7 days. The single 10-mg-per-
kilogram dose of liposomal amphotericin B was
suspended in 1 liter of 5% dextrose and admin-
istered over the course of 2 hours, and the 1-mg-
per-kilogram doses of amphotericin B deoxycho-
late were dissolved in 1 liter of 5% dextrose and
administered over the course of 4 hours. Partici-
pants received 1 liter of intravenous normal sa-
line before any amphotericin dose, plus at least
1 additional liter of intravenous fluid (5% dextrose
or normal saline) on each day of amphotericin
therapy. Potassium and magnesium supplements
were given on each day that the participants re-
ceived amphotericin and then for 2 additional
days. Oral medications were administered through
a nasogastric tube if participants were unable to
swallow.

The results of laboratory blood tests were
monitored regularly during the first 2 weeks and
again at week 4. The monitoring schedule is
provided in Table S1 in the Supplementary Ap-
pendix, available at NEJM.org. Lumbar punctures
for quantitative cryptococcal cultures were per-
formed at the time of diagnosis and on days 7 and
14. Participants with increased intracranial pres-
sure received additional daily therapeutic lumbar
punctures until the pressure was controlled at
less than 20 cm of water.

Participants were followed at outpatient clin-
ics for 10 weeks and were contacted by telephone
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at week 16. If a participant missed a clinic ap-
pointment, follow-up was performed by the trial
teams either by telephone or in person. After the
2-week induction period, all the participants re-
ceived fluconazole at a dose of 800 mg per day
for 8 weeks and then at a dose of 200 mg per day
thereafter. Antiretroviral therapy was initiated,
reinitiated, or switched to a new antiretroviral
therapy with a different agent during weeks 4 to
6 and was chosen in accordance with national
guidelines.

END POINTS

The primary end point was death from any cause
at 10 weeks after randomization. As prespecified
in the statistical analysis plan, the primary end
point was tested for superiority after noninferior-
ity was established. Secondary end points were
death from any cause at 2 weeks, 4 weeks, and
16 weeks; overall mortality in a time-to-event
analysis; the rate of fungal clearance from the
cerebrospinal fluid per day over the course of 14
days of induction therapy; the percentage of par-
ticipants in each trial group with clinical or
laboratory-defined adverse events of grade 3 or 4,
as determined according to the criteria of the
Division of AIDS?; and the median absolute or
percentage change from baseline in laboratory
values.

STATISTICAL ANALYSIS
Assuming 35% mortality at 10 weeks in both
treatment groups, we calculated that a sample
size of 390 per group (780 in total) would pro-
vide the trial with 90% power to show noninfe-
riority of a single high dose of liposomal ampho-
tericin B given with flucytosine and fluconazole
to the current WHO recommended standard of
care, with a specified noninferiority margin of
10 percentage points (the upper boundary of the
one-sided 95% confidence interval of the abso-
lute difference in mortality). The primary analy-
sis was performed in the intention-to-treat popu-
lation, which included all the participants who
had undergone randomization and had not met
any late-exclusion criteria. A generalized linear
model with a binomial distribution was used to
calculate the differences in mortality.

We performed two sensitivity analyses. First,
a per-protocol analysis was performed in which
participants were excluded if they had missed
more than 1 day of any single treatment in the
first 2 weeks or had missed more than 2 weeks

of fluconazole consolidation treatment between
weeks 2 and 10. Second, we performed analyses
that adjusted for the prespecified covariates of
trial site, age, sex, baseline Glasgow Coma Scale
score, CD4+ cell count, cryptococcal colony-
forming units (CFU) per milliliter of cerebrospi-
nal fluid, antiretroviral therapy status, hemoglobin
level, and cerebrospinal fluid opening pressure.
In the superiority, secondary end-point, and sen-
sitivity analyses, no adjustments were made for
multiple comparisons. Analysis of log-transformed
longitudinal fungal counts in the cerebrospinal
fluid was performed with the use of a linear
mixed-effects model, in which undetectable mea-
surements were left-censored (i.e., sterile cultures
from day 7 onward were excluded if the values
lessened the slope, because sterility would have
been achieved before lumbar puncture on that
day and use of these values would have therefore
led to an underestimation of the true slope).®
Adverse events were evaluated in the safety
population, which included all the participants
who had received one or more doses of a trial
medication. Analyses were conducted with the
use of SAS statistical software, version 9.4 (SAS
Institute). The full statistical analysis plan is
provided in the protocol.

RESULTS

TRIAL POPULATION

From January 2018 through February 2021, a
total of 844 participants underwent randomiza-
tion (Fig. 1). Of these participants, 30 were ex-
cluded — 24 met the prespecified late-exclusion
criteria (13 had a low platelet count, 5 had a low
neutrophil count, 2 had an increased alanine
aminotransferase level, 3 had a low platelet count
and a low neutrophil count, and 1 had a low
platelet count and an increased alanine amino-
transferase level [Table S2]), 5 did not have
cryptococcal meningitis, and 1 was HIV-nega-
tive, which left 814 participants (407 in each
treatment group) in the intention-to-treat popu-
lation. None were lost to follow-up. An addi-
tional 30 participants were excluded from the
per-protocol population (20 had missed more
than 1 day of treatment in the first 2 weeks, 6 had
received incorrect treatment, and 4 had missed
more than 2 weeks of fluconazole consolidation
treatment between weeks 2 and 10). The baseline
characteristics of the participants were similar in
the trial groups (Table 1).
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1193 Participants were assessed for eligibility

349 Were excluded
150 Received >2 doses of amphotericin or fluconazole
119 Had a previous case of cryptococcal meningitis
64 Declined or were unable to provide consent
18 Were pregnant or lactating
16 Died
13 Were HIV-negative or not willing to test for HIV
> 13 Were unable to attend follow-up
10 Were in a moribund state
9 Were <18 yr of age
5 Had a severe blood abnormality
1 Had a previous adverse reaction to a trial drug
1 Was taking a contraindicated medication
1 Did not have cryptococcal meningitis

'

844 Were enrolled and underwent
randomization

421 Were assigned to the 423 Were assigned to the
liposomal amphotericin B group control group

14 Were excluded

12 Met late-exclusion criteria 16 Were excluded

12 Met late-exclusion criteria

1Did rA]OtAhAave cryptococcal 4 Did not have cryptococcal
meningitis meningitis
1 Was HIV-negative &
407 Were included in the intention-to-treat 407 Were included in the intention-to-treat
analysis analysis
lgflglijlisz):éuj;fhr of induction 11 Were excluded
5 Missed >24 hr of induction
treatment
. . . treatment
3 Received incorrect induc- L .
) - — 3 Received incorrect induc-
tion treatment .
. tion treatment
1 Missed >14 days of con- .
o 3 Missed >14 days of con-
solidation treatment L
solidation treatment
388 Were included in the per-protocol analysis 396 Were included in the per-protocol analysis

Figure 1. Screening, Randomization, and Analysis Populations.

The participants who were assigned to the liposomal amphotericin B group received a single dose of liposomal am-
photericin B (10 mg per kilogram of body weight) plus 14 days of oral therapy with flucytosine (100 mg per kilogram
per day) and fluconazole (1200 mg per day), and the participants assigned the control group received 7 days of am-
photericin B deoxycholate (1 mg per kilogram) plus flucytosine (100 mg per kilogram per day) followed by 7 days of
oral therapy with fluconazole (1200 mg per day). During the first week of induction therapy, two participants in the
liposomal amphotericin B group received at least one dose of amphotericin B deoxycholate, and three participants
in the control group received high-dose fluconazole. Participants may have had more than one reason for exclusion.
HIV denotes human immunodeficiency virus.

PRIMARY END POINT 28.7% (95% CI, 24.4 to 33.4) in the control group
In the intention-to-treat analysis, 10-week mor- (117 of 407 participants had died) (Table 2 and
tality was 24.8% (95% confidence interval [CI], Fig. 2A). The absolute difference in mortality at
20.7 to 29.3) in the liposomal amphotericin B 10 weeks between the liposomal amphotericin B
group (101 of 407 participants had died) and group and control group was —3.9 percentage
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Table 1. Baseline Characteristics of the Participants.*

Characteristic
Median age (IQR) —yr
Male sex — no. (%)
New diagnosis of HIV — no. (%)
Report of previous antiretroviral therapy — no. (%)
Median weight (IQR) — kg
Headache
Current symptom — no. (%)
Median duration (IQR) — days
Seizures within 72 hr before enrollment — no. (%)
Glasgow Coma Scale score <15 — no. (%)
Median values from CSF sample analysis (IQR)
Cryptococcal quantitative value — CFU/ml

CSF opening pressure) — cm of water

White-cell count — cells/mm?

Glucose level — mg/dl

Protein level — g/I
Median blood hemoglobin level (IQR) — g/dI
Median serum creatinine level (IQR) — mg/d|

Median blood CD4+ cell count (IQR) — cells/mm?

Liposomal
Ampbhtericin B Control
(N=407) (N=407)
37 (32-44) 37 (32-43)
246 (60.4) 245 (60.2)
127 (31.2) 118 (29.0)
256 (62.9) 266 (65.4)
53 (47-60) 53 (48-60)
390 (95.8) 394 (96.8)
14 (7-21) 14 (7-21)
45 (11.1) 42 (10.3)
115 (28.3) 117 (28.7)

48,500 (300-420,000)

42,000 (585-365,000)

CSF opening pressure >25 cm of water — no. /total no. (%)

21 (14-32) 21 (13-31)
165/399 (41.4) 158/400 (39.5)
6 (4-75) 5 (3-52)
45 (29-61) 43 (27-58)

0.90 (0.46-1.48) 0.84 (0.44-1.38)
11.2 (9.7-12.7) 11.2 (9.6-12.9)
0.7 (0.6-0.9) 0.8 (0.6-1.0)

26 (9-56) 28 (11-59)

* Baseline data were missing for the following characteristics: cerebrospinal fluid (CSF) cryptococcal quantitative value
(missing for 1 participant in the liposomal amphotericin B group), CSF opening pressure (missing for 8 participants
in the liposomal amphotericin B group and for 7 participants in the control group), CSF white-cell count (missing for
11 and 9 participants, respectively), CSF glucose level (missing for 11 and 15 participants, respectively), CSF protein
level (missing for 14 and 16 participants, respectively), hemoglobin level (missing for 2 and 1 participant, respectively),
CD4+ cell count (missing for 18 and 11 participants, respectively), and creatinine level (missing for 1 participant in the
liposomal amphotericin B group). To convert the values for glucose to millimoles per liter, multiply by 0.05551. To con-
vert the values for creatinine to micromoles per liter, multiply by 88.4. CFU denotes colony-forming units, HIV human

immunodeficiency virus, and IQR interquartile range.

T The median interval from randomization to the reinitiation of antiretroviral therapy or switch to another therapy (for those

with previous exposure to antiretroviral therapy) was 30 days in the liposomal amphotericin B group and 29 days in the

control group.

I Scores on the Glasgow Coma Scale range from 3 to 15, with lower scores indicating worse mental status.

points, and the upper boundary of the one-sided
95% confidence interval was 1.2 percentage
points, which was within the prespecified 10-per-
centage-point noninferiority margin (P<0.001 for
noninferiority) (Fig. 2B). In the per-protocol
analysis, 10-week mortality at 10 weeks was
24.5% (95% CI, 20.3 to 29.1) in the liposomal
amphotericin B group (95 of 388 participants
had died) and 28.5% (95% CI, 24.1 to 33.3) in
the control group (113 of 396 participants had
died), for a between-group difference of —4.1
percentage points and an upper boundary of the

one-sided 95% confidence interval of 1.1 percent-
age points.

The results of the prespecified adjusted analy-
ses (Table 2 and Fig. 2B) and key subgroup
analyses (Table S3B) were consistent with those
of the primary end-point analysis. In prespecified
superiority analyses performed at the 10-week
time point, the between-group difference in
mortality was —3.9 percentage points with the
95% confidence interval crossing zero (95% CI,
—10.0 to 2.2) in the unadjusted analysis and —5.7
percentage points with the 95% confidence in-
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Figure 2. Cumulative All-Cause Mortality Up to Week 10 and Noninferiority
Analyses.

Panel A shows the cumulative all-cause mortality up to week 10 according
to treatment strategy in the intention-to-treat population. Panel B shows a
noninferiority graph for the differences in all-cause mortality at 10 weeks
(calculated as the value in the liposomal amphotericin B group minus the
value in the control group). The mean absolute difference in 10-week mortal-
ity between the liposomal amphotericin B group and the control group and
the two-sided 90% confidence intervals in both unadjusted and adjusted
intention-to-treat and per-protocol analyses are shown. The dashed line
indicates the prespecified 10-percentage-point noninferiority margin. The
analysis was adjusted for prespecified baseline covariates of trial site, age,
sex, Glasgow Coma Scale score, CD4+ cell count, cryptococcal colony-form-
ing units per milliliter of cerebrospinal fluid, HIV therapy status, hemoglobin
level, and cerebrospinal fluid opening pressure.

terval not crossing zero (95% CI, —11.4 to —0.04)
in the analysis that was adjusted for the covari-
ates associated with cryptococcal mortality.

SECONDARY END POINTS

Mortality at 2 weeks, 4 weeks, and 16 weeks is
shown in Table S3. The results were consistent
with the result of the primary end-point analysis

1116 N ENGLJ MED 386;12

of 10-week mortality, with upper boundaries of
the one-sided 95% confidence intervals of less
than 10 percentage points. The results of time-
to-event analyses of mortality that were per-
formed with the use of Cox regression are
shown in Table S4 and Figure 2A.

The mean rate of fungal clearance from the
cerebrospinal fluid over the course of 14 days
was —0.40 log,, CFU per milliliter per day in the
liposomal amphotericin B group and -0.42 log,,
CFU per milliliter per day in the control group,
for a difference of 0.017 log,, CFU per milliliter
per day (95% CI, —0.001 to 0.036) (Table 2 and
Fig. S2). Paradoxical immune reconstitution in-
flammatory syndrome was reported in 15 of 407
participants (3.7%) in the liposomal amphoteri-
cin B group and in 19 of 407 participants (4.7%)
in the control group (Table S6). There were no
cases of culture-positive relapse in the liposomal
amphotericin B group. One case of relapse oc-
curred in a participant in the control group who
had received full induction therapy and had ini-
tial clearance of cryptococcus from the cerebro-
spinal fluid but subsequently had poor adherence
to consolidation-phase fluconazole. During the
initial 10 weeks of follow-up, 71 of 407 partici-
pants (17.4%) in each treatment group were re-
admitted to the hospital at least once (Table S7).

SAFETY AND ADVERSE EVENTS

During the initial 21 days of treatment in the
safety population, there were 382 grade 3 or 4 ad-
verse events in 210 of 420 participants (50.0%) in
the liposomal amphotericin B group and 579
grade 3 or 4 adverse events in 263 of 422 par-
ticipants (62.3%) in the control group (P<0.001).
A summary of clinical and laboratory-defined ad-
verse events is provided in Table 3, and a detailed
list is provided in Table S8. Potentially life-
threatening (grade 4) adverse events occurred in
significantly fewer participants in the liposomal
amphotericin B group than in the control group
(91 of 420 participants [21.7%] vs. 127 of 422
participants [30.1%], P=0.005). Grade 3 or 4 ane-
mia developed in 56 of 420 participants (13.3%)
in the liposomal amphotericin B group and in
165 of 422 participants (39.1%) in the control
group (P<0.001).

The mean decrease in hemoglobin level dur-
ing the first week of the induction period was
0.3 g per deciliter in the liposomal amphotericin
B group and 1.9 g per deciliter in the control
group (P<0.001); blood transfusion was performed
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in 32 of 420 participants (7.6%) in the liposomal
amphotericin B group and in 76 of 422 partici-
pants (18.0%) in the control group. A grade 3 or
4 increase in the creatinine level developed in 22
of 420 participants (5.2%) in the liposomal am-
photericin B group and in 25 of 422 participants
(5.9%) in the control group. The mean relative
increase in the serum creatinine level from base-
line to day 7 was 20.2% in the liposomal ampho-
tericin B group and 49.7% in the control group
(P<0.001). Thrombophlebitis leading to antibi-
otic therapy occurred in 8 of 420 participants
(1.9%) in the liposomal amphotericin B group
and in 28 of 422 participants (6.6%) in the con-
trol group (P=0.001). A low incidence of grade 4
thrombocytopenia, neutropenia, and elevated ala-
nine aminotransferase level was observed in both
treatment groups.

DISCUSSION

This trial showed that induction therapy with a
single 10 mg-per-kilogram dose of liposomal
amphotericin B in combination with oral flucyto-
sine and fluconazole was noninferior to the
WHO-recommended standard of care that in-
cluded 1 week of amphotericin B deoxycholate
given with flucytosine and was associated with
significantly fewer adverse events. Because this
clinical trial involving HIV-positive adults with
cryptococcal meningitis was conducted in a range
of health care settings across five countries in
southern and eastern Africa with no loss to fol-
low-up, our results are likely to be generalizable
to other African settings with a high prevalence
of HIV (Table S9).

The 10-week mortality of 24.8% observed in
the liposomal amphotericin B group in our trial
is among the lowest reported from a major cryp-
tococcal meningitis trial in Africa, despite more
than a quarter of participants presenting with
very severe disease and abnormal baseline men-
tal status. Our trial showed that either strategy
(a single dose of liposomal amphotericin B plus
14 days of therapy with flucytosine and flucon-
azole or short-course treatment with 7 days of
amphotericin B deoxycholate plus flucytosine fol-
lowed by 7 days of fluconazole therapy) can re-
duce 10-week mortality from cryptococcal men-
ingitis to below 30%. This finding represents a
notable improvement on the rates of 40 to 45%
reported in trials of 2-week amphotericin B de-
oxycholate-based regimens that were conducted

in resource-limited settings'®*3! and is consis-
tent with the relatively favorable outcomes with
the 1-week regimen of amphotericin B deoxycho-
late plus flucytosine that were reported in the
ACTA trial.

Our trial builds on phase 2 data® showing
that a single 10-mg-per-kilogram dose of liposo-
mal amphotericin B is effective in clearing cryp-
tococcus from the cerebrospinal fluid. The effect
on fungicidal activity with a single high dose of
liposomal amphotericin B given with flucytosine
and fluconazole matched that of 7 days of treat-
ment with amphotericin B deoxycholate (1 mg per
kilogram per day) plus flucytosine. In addition,
the regimen that included a single high dose of
liposomal amphotericin B led to fewer adverse
effects than the 1-week amphotericin B deoxy-
cholate regimen, with fewer adverse events over-
all, fewer life-threatening grade 4 events, fewer
episodes of grade 3 or 4 anemia, a reduced need
for blood transfusion, and less severe thrombo-
phlebitis. These findings reflect the toxicity pro-
file of liposomal amphotericin B that is known
to be better than that of amphotericin B deoxy-
cholate.>* In this trial, we administered preemp-
tive fluid and electrolytes to all the participants
to reduce the risk of amphotericin B-related
toxic effects, adopted an intensive blood-moni-
toring schedule, and actively managed adverse
events when they occurred. The reality of routine
care in resource-limited settings is that the nec-
essary resources are often not available to imple-
ment measures to reduce toxic effects and an
intensive monitoring and management approach.

An additional potential benefit of the liposo-
mal amphotericin B regimen is that it may be
possible to shorten the length of hospital stay
needed to safely administer effective treatment.
For the evaluation of safety in this trial, our
protocol required that all participants be hospi-
talized for a 7-day period of inpatient monitor-
ing. However, when scaled-up in real-world situ-
ations, earlier discharge will probably be possible
for some patients. A cost-effectiveness compari-
son is under way. Given our results, a single high
dose of liposomal amphotericin B may be worth
investigating in the treatment of other systemic
fungal infections that are prevalent in resource-
limited settings, such as histoplasmosis and
talaromycosis.?>*

Our trial was open label, and clinical care of
the critically ill participants with advanced HIV
disease was complex. However, both the primary
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Table 3. Laboratory-Defined and Clinical Adverse Events Occurring within 21 Days after Randomization.*
Liposomal
Amphtericin B Control

Event (N=420) (N=422) P Value}
Grade 3 or 4 adverse events — no. of events 382 579
Any grade 3 or 4 adverse event — no. of participants (%)

Grade 3 or 4 210 (50.0) 263 (62.3) <0.001

Grade 3 173 (41.2) 225 (53.3) <0.001

Grade 4 91 (21.7) 127 (30.1) 0.005
Anemia — no. of participants (%)

Grade 3 44 (10.5) 108 (25.6) <0.001

Grade 4 12 (2.9) 62 (14.7) <0.001
Mean change in hemoglobin level from baseline to day 7 — g/dI -0.3+£1.39 -1.9+1.8 <0.001
Receipt of blood transfusion — no. of participants (%) 32 (7.6) 76 (18.0) <0.001
Neutropenia — no. of participants (%)

Grade 3 27 (6.4) 21 (5.0) 0.36

Grade 4 20 (4.8) 16 (3.8) 0.49
Thrombocytopenia — no. of participants (%) |

Grade 3 9 (2.1) 17 (4.0) 0.11

Grade 4 4(1.0) 6 (1.4) 0.75
Creatinine increase — no. of participants (%)**

Grade 3 17 (4.0) 22 (5.2) 0.42

Grade 4 5(1.2) 3(0.7) 051
Mean relative increase in creatinine level from baseline to day 7 — %77 20.2+48.1 49.7+70.8 <0.001
Hypokalemia — no. of participants (%)

Grade 3 6 (1.4) 27 (6.4) <0.001

Grade 4 0 3(0.7) 0.25
Elevated ALT — no. of participants (%)

Grade 3 6 (1.4) 4(0.9) 0.52

Grade 4 1(0.2) 1(0.2) 1.0
Thrombophlebitis requiring antibiotic therapy — no. of participants (%) 8 (1.9) 28 (6.6) <0.001
Other grade 3 or 4 adverse event — no. of participants (%) 9 167 (39.8) 173 (41.0) 0.72

85

Plus—minus values are means +SD. The adverse event data are presented for the safety population, which included all the participants who
underwent randomization and received at least one dose of a trial medication. One participant in the liposomal amphotericin B group with-
drew consent after randomization but before receiving any trial medication, and one participant in the control group died after randomization
but before receiving any trial medication. Both participants were excluded from the safety analysis. ALT denotes alanine aminotransferase.

P values were derived from chi-square or Student t-tests as appropriate.

Grade 3 anemia was defined as a hemoglobin level of 7.0 to less than 9.0 g per deciliter in men and of 6.5 to less than 8.5 g per deciliter
in women, and grade 4 as a hemoglobin level of less than 7.0 g per deciliter in men and of less than 6.5 g per deciliter in women.

Data regarding grade 3 events are reported for the participants who had both baseline and day 7 values available. Data were missing for
50 participants in the liposomal amphotericin B group and 61 in the control group.

Grade 3 neutropenia was defined as a neutrophil count of 400 to 599 per cubic millimeter, and grade 4 as a neutrophil count of less than
400 per cubic millimeter.

Grade 3 thrombocytopenia was defined as a thrombocyte count of 25,000 to 49,999 per cubic millimeter, and grade 4 as a thrombocyte
count of less than 25,000 per cubic millimeter.

* Grade 3 creatinine increase was defined as creatinine level of 2.47 to 4.42 mg per deciliter (216 to 400 pmol per liter), and grade 4 as a

creatinine level of greater than 4.42 mg per deciliter.

7 Data regarding grade 4 events are reported for participants who had both baseline and day 7 values available. Data were missing for 42

participants in the liposomal amphotericin B group and 50 in the control group.

Grade 3 hypokalemia was defined as a potassium level of 2.0 to 2.4 mmol per liter, and grade 4 as a potassium level greater than 2.4 mmol
per liter.

A grade 3 elevation in ALT level was defined as an ALT level of 200 to 400 IU per liter, and a grade 4 elevation as an ALT level greater than
400 IU per liter.

99 During the course of the trial there were two infusion reactions that met the grade 3 criteria, both of which occurred in the liposomal

amphotericin B group. Both cases responded to simple supportive measures. There were no participants in whom the prescribed dose of
either liposomal amphotericin B or amphotericin B deoxycholate could not be given owing to infusion-related adverse events. We did not
collate data on milder infusion reactions.
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end point of death from any cause and the key
safety end points of laboratory-confirmed toxic
effects were objectively measured, and a consis-
tent approach to HIV management and antiretro-
viral therapy was agreed on by the investigators
and applied throughout the trial (Table S10) in
order to avoid differential management strate-
gies or outcome assessments in the treatment
groups.

This trial showed that a single high dose of
liposomal amphotericin B given with flucytosine
and fluconazole was noninferior to the current
WHO recommended standard of care for crypto-
coccal meningitis and offers a practical treat-
ment for the management for HIV-associated
cryptococcal meningitis that is easier to admin-
ister and associated with fewer drug-related ad-
verse effects. Continued efforts to ensure access
to liposomal amphotericin B and flucytosine are
needed to enable the implementation of this
treatment.

The views expressed in this article are those of the authors
and not necessarily those of the funders.

Supported by a grant (TRIA2015-1092) through the European
and Developing Countries Clinical Trials Partnership, with as-
sistance from the Swedish International Development Coopera-

tion Agency, as well as by funding from the U.K. Department of
Health and Social Care, the U.K. Foreign Commonwealth and
Development Office, the U.K. Medical Research Council, and
Wellcome Trust, through the Joint Global Health Trials scheme
(MR/P006922/1). Funding was also provided by the National
Institute for Health Research (NIHR) through a Global Health
Research Professorship (RP-2017-08-ST2-012, to Dr. Jarvis) with
aid from the U.K. government to support global health research.
Dr. Meintjes was supported by grants (098316, 214321/Z/18/Z,
and 203135/Z/16/Z) from the Wellcome Trust and a grant
(64787) from the South African Research Chairs Initiative of
the Department of Science and Technology and the National
Research Foundation of South Africa. Diagnostic testing in
Uganda was supported by a grant (RO1INS086312) from the Na-
tional Institute of Neurological Disorders and Stroke. Dr. Rhein
was supported by a grant (KO1 TW010268) from the Fogarty
International Center. Liposomal amphotericin B (AmBisome)
was donated by Gilead Sciences.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank the trial participants and their families and care-
givers, as well as all the clinical, laboratory, and administra-
tive staff at all the sites who were not directly involved in the
trial; Andrew Nunn, Sayoki Mfinanga, Robert Peck, and William
Powderly for serving on the data and safety monitoring com-
mittee; and John Perfect, Andrew Kambugu, Saidi Kapigi, and
Douglas Wilson for serving on the trial steering committee. We
dedicate the trial to the memory of Siphokazi Hlungulu, who
worked as a research nurse and study coordinator for the Cape
Town Ambition site for the duration of the trial and died before
seeing the results published.

APPENDIX

The authors’ full names and academic degrees are as follows: Joseph N. Jarvis, M.R.C.P., Ph.D., David S. Lawrence, M.B., Ch.B., David
B. Meya, Ph.D., Enock Kagimu, M.B., Ch.B., John Kasibante, M.B., Ch.B., Edward Mpoza, M.B., Ch.B., Morris K. Rutakingirwa, M.B.,
Ch.B., Kenneth Ssebambulidde, M.B., Ch.B., Lillian Tugume, M.B., Ch.B., Joshua Rhein, M.D., David R. Boulware, M.D., Henry C.
Mwandumba, Ph.D., Melanie Moyo, M.B., B.S., Henry Mzinganjira, M.B., B.S., Cecilia Kanyama, M.B., B.S., Mina C. Hosseinipour,
M.D., Chimwemwe Chawinga, B.A., Graeme Meintjes, Ph.D., Charlotte Schutz, Ph.D., Kyla Comins, M.B., Ch.B., Achita Singh, M.B.,
Ch.B., Conrad Muzoora, M.D., Samuel Jjunju, M.B., Ch.B., Edwin Nuwagira, M.B., Ch.B., Mosepele Mosepele, M.D., Tshepo Leeme,
M.B., B.S., Keatlaretse Siamisang, M.B., B.S., Chiratidzo E. Ndhlovu, F.R.C.P., Admire Hlupeni, M.B., Ch.B., Constantine Mutata, M.B.,
Ch.B., Erik van Widenfelt, B.A., Tao Chen, Ph.D., Duolao Wang, Ph.D., William Hope, Ph.D., Timothée Boyer-Chammard, M.D.,
Angela Loyse, M.D., Sile F. Molloy, Ph.D., Nabila Youssouf, Ph.D., Olivier Lortholary, Ph.D., David G. Lalloo, F.R.C.P., Shabbar Jaffar,
Ph.D., and Thomas S. Harrison, M.D.

The authors’ affiliations are as follows: the Department of Clinical Research, Faculty of Infectious and Tropical Diseases, London
School of Hygiene and Tropical Medicine (J.N.J., D.S.L., N.Y.), the Institute for Infection and Immunity, St. George’s University
London (A.L., S.F.M., T.S.H.), and the Clinical Academic Group in Infection and Immunity, St. George’s University Hospitals NHS
Foundation Trust (T.S.H.), London, Liverpool School of Tropical Medicine (H.C.M., EW., D.W., D.G.L., S. Jaffar) and the Department
of Public Health, Policy, and Systems, Institute of Population Health (T.C.), and the Department of Pharmacology and Therapeutics,
Institute of Systems, Molecular, and Integrative Biology (W.H.), University of Liverpool, Liverpool, and the Medical Research Council
Centre for Medical Mycology, University of Exeter, Exeter (T.S.H.) — all in the United Kingdom; the Botswana—-Harvard AIDS Institute
Partnership (J.N.J., D.S.L., M. Mosepele, T.L., K. Siamisang, N.Y.), the Departments of Internal Medicine (M. Mosepele) and Family
Medicine and Public Health (K. Siamisang), University of Botswana, and the Department of Health Services Management, Ministry of
Health and Wellness (K. Siamisang) — all in Gaborone, Botswana; the Infectious Diseases Institute, College of Health Sciences (D.B.M.,
E.K., J.K., E.M., M.K.R., K. Ssebambulidde, L.T., J.R., D.R.B., S. Jjunju, E.N.), and the Department of Medicine, School of Medicine
(D.B.M.), Makerere University, Kampala, and Mbarara University of Science and Technology, Mbarara (C. Muzoora, E.N.) — both in
Uganda; the University of Minnesota, Minneapolis (D.B.M., J.R., D.R.B.); the Malawi-Liverpool-Wellcome Trust Clinical Research
Programme (H.C.M., M. Moyo, H.M., D.G.L.) and the Department of Medicine, Kamuzu University of Health Sciences (H.C.M., M.
Moyo), Blantyre, and the Lilongwe Medical Relief Fund Trust (University of North Carolina—Malawi Project), Lilongwe (C.K., M.C.H.,
C.C.) — all in Malawi; the Department of Medicine, University of North Carolina at Chapel Hill, Chapel Hill (M.C.H.); the Wellcome
Centre for Infectious Diseases Research in Africa, Institute of Infectious Disease and Molecular Medicine (G.M., C.S., K.C., A.S.), and
the Department of Medicine (G.M., C.S., K.C.), University of Cape Town, and the Department of Radiology, Groote Schuur Hospital
(A.S.) — both in Cape Town, South Africa; the Internal Medicine Unit, Faculty of Medicine and Health Sciences, University of Zimbabwe,
Harare (C.E.N., A.H., C. Mutata); Institut Pasteur, National Center for Scientific Research, Molecular Mycology Unit and National
Reference Center for Invasive Mycoses and Antifungals, Unités Mixtes de Recherche 2000, and Université de Paris, Necker Pasteur
Center for Infectious Diseases and Tropical Medicine, Hopital Necker Enfants Malades, Assistance Publique-Hopitaux de Paris, Institut
Hospitalo—Universitaire Imagine — both in Paris (T.B.-C., O.L.).

N ENGLJ MED 386;12 NEJM.ORG MARCH 24, 2022

The New England Journal of Medicine
Downloaded from nejm.org on May 19, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

1119



1120

LIPOSOMAL AMPHOTERICIN B FOR CRYPTOCOCCAL MENINGITIS

REFERENCES

1. Jarvis JN, Meintjes G, Williams A,
Brown Y, Crede T, Harrison TS. Adult
meningitis in a setting of high HIV and
TB prevalence: findings from 4961 sus-
pected cases. BMC Infect Dis 2010;10:
67.

2. Tenforde MW, Mokomane M, Leeme T,
et al. Epidemiology of adult meningitis dur-
ing antiretroviral therapy scale-up in south-
ern Africa: results from the Botswana
national meningitis survey. J Infect 2019;
79:212-9.

3. Rajasingham R, Smith RM, Park BJ,
et al. Global burden of disease of HIV-
associated cryptococcal meningitis: an up-
dated analysis. Lancet Infect Dis 2017;17:
873-81.

4. Carmona S, Bor J, Nattey C, et al. Per-
sistent high burden of advanced HIV dis-
ease among patients seeking care in South
Africa’s national HIV program: data from
a nationwide laboratory cohort. Clin In-
fect Dis 2018;66:Suppl 2:5111-S117.

5. Leeme TB, Mine M, Lechiile K, et al.
Utility of CD4 count measurement in the
era of universal antiretroviral therapy:
an analysis of routine laboratory data in
Botswana. HIV Med 2021;22:1-10.

6. Osler M, Hilderbrand K, Goemaere E,
et al. The continuing burden of advanced
HIV disease over 10 years of increasing
antiretroviral therapy coverage in South
Africa. Clin Infect Dis 2018;66:Suppl 2:
$118-8125.

7. Tenforde MW, Mokomane M, Leeme
T, et al. Advanced human immunodefi-
ciency virus disease in Botswana follow-
ing successful antiretroviral therapy roll-
out: incidence of and temporal trends in
cryptococcal meningitis. Clin Infect Dis
2017;65:779-86.

8. Bicanic T, Bottomley C, Loyse A, et al.
Toxicity of amphotericin B deoxycholate-
based induction therapy in patients with
HIV-associated cryptococcal meningitis.
Antimicrob Agents Chemother 2015;59:
7224-31.

9. Tenforde MW, Gertz AM, Lawrence
DS, et al. Mortality from HIV-associated
meningitis in sub-Saharan Africa: a sys-
tematic review and meta-analysis. J Int
AIDS Soc 2020;23(1):e25416.

10. Molloy SF, Kanyama C, Heyderman
RS, et al. Antifungal combinations for
treatment of cryptococcal meningitis in
Africa. N Engl ] Med 2018;378:1004-17.
11. Guidelines for the diagnosis, preven-
tion and management of cryptococcal dis-
ease in HIV-infected adults, adolescents
and children. Geneva: World Health Orga-
nization, March 1, 2018 (https://www.who
.int/publications/i/item/9789241550277).
12. Adler-Moore J, Lewis RE, Briiggemann
RJM, Rijnders BJA, Groll AH, Walsh TJ.
Preclinical safety, tolerability, pharmacoki-
netics, pharmacodynamics, and antifungal

N ENGL J MED 386;12

activity of liposomal amphotericin B. Clin
Infect Dis 2019;68:Suppl 4:5244-5259.
13. Groll AH, Rijnders BJA, Walsh TJ,
Adler-Moore J, Lewis RE, Briiggemann
RJM. Clinical pharmacokinetics, pharma-
codynamics, safety and efficacy of liposo-
mal amphotericin B. Clin Infect Dis 2019;
68:Suppl 4:5260-S274.

14. Hamill RJ, Sobel JD, El-Sadr W, et al.
Comparison of 2 doses of liposomal am-
photericin B and conventional amphoteri-
cin B deoxycholate for treatment of AIDS-
associated acute cryptococcal meningitis:
a randomized, double-blind clinical trial
of efficacy and safety. Clin Infect Dis
2010;51:225-32.

15. Hope WW, Goodwin J, Felton TW, Ellis
M, Stevens DA. Population pharmacoki-
netics of conventional and intermittent
dosing of liposomal amphotericin B in
adults: a first critical step for rational de-
sign of innovative regimens. Antimicrob
Agents Chemother 2012;56:5303-8.

16. O’Connor L, Livermore ], Sharp AD,
et al. Pharmacodynamics of liposomal am-
photericin B and flucytosine for crypto-
coccal meningoencephalitis: safe and ef-
fective regimens for immunocompromised
patients. J Infect Dis 2013;208:351-61.

17. Gubbins PO, Amsden JR, McConnell
SA, Anaissie EJ. Pharmacokinetics and
buccal mucosal concentrations of a 15
milligram per kilogram of body weight
total dose of liposomal amphotericin B
administered as a single dose (15 mg/kg),
weekly dose (7.5 mg/kg), or daily dose
(1 mg/kg) in peripheral stem cell trans-
plant patients. Antimicrob Agents Chemo-
ther 2009;53:3664-74.

18. Vogelsinger H, Weiler S, Djanani A,
et al. Amphotericin B tissue distribution
in autopsy material after treatment with
liposomal amphotericin B and amphoter-
icin B colloidal dispersion. J Antimicrob
Chemother 2006;57:1153-60.

19. Groll AH, Giri N, Petraitis V, et al.
Comparative efficacy and distribution of
lipid formulations of amphotericin B in
experimental Candida albicans infection of
the central nervous system. J Infect Dis
2000;182:274-82.

20. Sundar S, Chakravarty J, Agarwal D,
Rai M, Murray HW. Single-dose liposomal
amphotericin B for visceral leishmaniasis
in India. N Engl J Med 2010;362:504-12.
21. Albert MM, Stahl-Carroll L, Luther
MEF, Graybill JR. Comparison of liposomal
amphotericin B to amphotericin B for
treatment of murine cryptococcal menin-
gitis. ] Mycol Med 1995;5:1-6.

22. Lestner J, McEntee L, Johnson A, et al.
Experimental models of short courses of
liposomal amphotericin B for induction
therapy for cryptococcal meningitis. Anti-
microb Agents Chemother 2017;61(6):
€00090-e17.

The New England Journal of Medicine
Downloaded from nejm.org on May 19, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

23. Jarvis JN, Leeme TB, Molefi M, et al.
Short-course high-dose liposomal ampho-
tericin B for human immunodeficiency
virus-associated cryptococcal meningitis:
a phase 2 randomized controlled trial.
Clin Infect Dis 2019;68:393-401.

24. LeeJW, Amantea MA, Francis PA, etal.
Pharmacokinetics and safety of a uni-
lamellar liposomal formulation of am-
photericin B (AmBisome) in rabbits.
Antimicrob Agents Chemother 1994;38:
713-8.

25. Lawrence DS, Youssouf N, Molloy SF,
et al. AMBIsome Therapy Induction Opti-
misatioN (AMBITION): high dose Am-
Bisome for cryptococcal meningitis in-
duction therapy in sub-Saharan Africa:
study protocol for a phase 3 randomised
controlled non-inferiority trial. Trials 2018;
19:649.

26. Jackson AT, Nussbaum JC, Phulusa J,
et al. A phase II randomized controlled
trial adding oral flucytosine to high-dose
fluconazole, with short-course ampho-
tericin B, for cryptococcal meningitis. AIDS
2012;26:1363-70.

27. Division of AIDS (DAIDS) table for
grading the severity of adult and pediatric
adverse events, corrected version 2.1.
Bethesda, MD: U.S. Department of Health
and Human Services, National Institutes
of Health, National Institute of Allergy
and Infectious Diseases, Division of AIDS,
July 2017 (https://rsc.niaid.nih.gov/sites/
default/files/daidsgradingcorrectedv21.pdf).
28. Brouwer AE, Rajanuwong A, Chierakul
W, et al. Combination antifungal thera-
pies for HIV-associated cryptococcal men-
ingitis: a randomised trial. Lancet 2004;
363:1764-7.

29. Beardsley J, Wolbers M, Kibengo FM,
et al. Adjunctive dexamethasone in HIV-
associated cryptococcal meningitis. N Engl
J Med 2016;374:542-54.

30. Day JN, Chau TTH, Wolbers M, et al.
Combination antifungal therapy for cryp-
tococcal meningitis. N Engl J Med 2013;
368:1291-302.

31. Boulware DR, Meya DB, Muzoora C,
et al. Timing of antiretroviral therapy af-
ter diagnosis of cryptococcal meningitis.
N Engl J Med 2014;370:2487-98.

32. Johnson PC, Wheat LJ, Cloud GA, et al.
Safety and efficacy of liposomal ampho-
tericin B compared with conventional am-
photericin B for induction therapy of his-
toplasmosis in patients with AIDS. Ann
Intern Med 2002;137:105-9.

33. Garcia A, Adler-Moore JP, Proffitt RT.
Single-dose AmBisome (liposomal am-
photericin B) as prophylaxis for murine
systemic candidiasis and histoplasmosis.
Antimicrob Agents Chemother 2000;44:
2327-32.

Copyright © 2022 Massachusetts Medical Society.

NEJM.ORG MARCH 24, 2022



