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Background. Amphotericin B is the gold standard treatment for severe mycoses. A new orally delivered, less-toxic formulation 
of amphotericin has been developed.

Methods. In our randomized clinical trial, we tested oral lipid nanocrystal (LNC) amphotericin B (MAT2203, Matinas 
Biopharma) vs intravenous (IV) amphotericin for human immunodeficiency virus–associated cryptococcal meningitis in 
4 sequential cohorts. Two pilot cohorts assessed safety and tolerability (n = 10 each), and 2 cohorts assessed efficacy with/ 
without 2 IV loading doses (n = 40 each). The experimental arm received 1.8 g/d oral LNC amphotericin through 2 weeks with 
100 mg/kg/d flucytosine, then 1.2 g/d LNC amphotericin through 6 weeks. The randomized control arm (n = 41) received 
7 days of IV amphotericin with flucytosine, then 7 days of fluconazole 1200 mg/d. The primary end point was 
cerebrospinal fluid (CSF) early fungicidal activity (EFA).

Results. We randomized 80 participants to oral LNC amphotericin + flucytosine with (n = 40) and without (n = 40) 2 IV 
loading doses and 41 control participants to IV amphotericin + flucytosine. Mean EFA was 0.40 log10 colony-forming units 
(CFU)/mL/d for all-oral LNC amphotericin, 0.42 log10 Cryptococcus CFU/mL/d for oral LNC amphotericin with IV loading 
doses, and 0.46 log10 CFU/mL/d for IV amphotericin controls. LNC amphotericin groups achieved 2-week CSF sterility in 63% 
(44 of 70) vs 68% (23 of 34) of controls. The 18-week survival was 85% (34 of 40) with all-oral LNC amphotericin, 90% (36 of 
40) with oral LNC amphotericin given IV loading doses, and 85% (35 of 41) with IV amphotericin.

Grade 3–4 laboratory adverse events occurred less frequently in LNC amphotericin groups (41%) than the IV amphotericin group 
(61%, P = .05), particularly for anemia (21% vs 44%; P = .01) and potassium (5% vs 17%; P = .04).

Conclusions. This new oral amphotericin B LNC formulation appears promising for cryptococcal meningitis with antifungal 
activity, similar survival, and less toxicity than IV amphotericin.
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Human immunodeficiency virus (HIV)–associated cryptococ
cal disease causes 15%–19% of AIDS-related mortality globally 
[1, 2]. The standard induction antifungal therapy for crypto
coccal meningitis is intravenous (IV) amphotericin B plus flu
cytosine for 1–2 weeks or liposomal amphotericin at 10 mg/kg 
once [3].

However, IV amphotericin is associated with severe and po
tentially life-threatening toxicities such as kidney impairment, 
anemia, thrombophlebitis, and electrolyte abnormalities [4, 5]. 
One week of IV amphotericin was associated with frequent 
grade ≥3 adverse events (AEs), including kidney injury (6%), 
anemia (40%), and hypokalemia (7%) even with potassium 
supplementation [4]. Administering IV amphotericin is logisti
cally challenging, requiring hospitalization and intensive labo
ratory monitoring.

A novel lipid nanocrystal (LNC) oral amphotericin B 
(MAT2203; Matinas Biopharma) has been developed as an al
ternative to IV-administered amphotericin. The LNC has 
3 components: amphotericin B, calcium, and phosphatidylser
ine, which is a natural phospholipid derived from soy. When 
the LNC is administered, target cells (eg, macrophages) engulf 
and transport LNCs to sites of infection. The LNC structure 
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protects against degradation in unfavorable environments (eg, 
acidic stomach pH) while allowing targeted intracellular deliv
ery into macrophages and reticuloendothelial cells. Once the 
LNC drug is captured intracellularly, the low intracellular cal
cium concentration triggers nanocrystals to open, releasing 
the drug inside the cell. Because LNC amphotericin is locked 
up inside the solid nanocrystal particle or in target cells, the 
body is protected from amphotericin toxicity.

Lu et al demonstrated that orally administered LNC ampho
tericin colocalized to the brain within macrophages of 
Cryptococcus-infected mice by the third day of treatment [6]. 
Further, in murine cryptococcal meningoencephalitis, LNC am
photericin combined with flucytosine had efficacy equivalent to 
parenteral injected amphotericin B with flucytosine and without 
untoward toxicity [6]. A phase 1 trial found good tolerability and 
safety of LNC amphotericin. The most common AEs were dose- 
dependent nausea and mild abdominal pain [7].

We conducted an open-label, phase 2, randomized trial to 
evaluate the antifungal efficacy of oral LNC amphotericin in 
HIV-associated cryptococcal meningitis. We quantified the anti
fungal activity in humans at the site of infection using serial 
quantitative cerebrospinal fluid (CSF) cultures to calculate the 
rate of CSF Cryptococcus yeast clearance, termed “early fungicidal 
activity” (EFA) [8–10]. EFA has been used in multiple phase 2 
trials over the past 2 decades to provide early supportive informa
tion on regimens that have been validated in phase 3 trials.

METHODS

Trial Design

We conducted a randomized clinical trial to evaluate oral LNC 
amphotericin (MAT2203; Matinas BioPharma, Bedminster, 
NJ) combined with flucytosine compared with IV amphoteri
cin B for induction therapy, combined with flucytosine. 
There were 4 sequential cohorts (Figure 1). Each cohort se
quentially decreased the IV amphotericin duration and in
creased the oral LNC amphotericin duration using the 
maximum tolerated dose from our phase 1 trial [7]. In each co
hort, we randomized participants 2.5-to-1 to an interventional 
arm or IV amphotericin control. IV amphotericin randomized 
controls were pooled across the 4 cohorts as 1 control group.

Study Participants and Setting

We enrolled Ugandan adults with HIV and cryptococcal men
ingitis, as diagnosed by a positive CSF cryptococcal antigen lat
eral flow assay (IMMY, Norman, OK) [11]. We excluded 
participants who received >2 doses of IV amphotericin, were 
unable to take enteral medications, had altered mental status 
with a Glasgow coma scale score <15, were unlikely to attend 
clinic visits, were pregnant, were breastfeeding, were receiving 
chemotherapy, were receiving corticosteroids, had paradoxical 
immune reconstitution inflammatory syndrome, or had initiat
ed HIV therapy less than 2 weeks previously. Participants with 

second-episode cryptococcosis (ie, culture-positive relapse) 
were eligible, based on similar survival outcomes as first- 
episode cryptococcosis [12]. Participants provided written in
formed consent.

We recruited participants at 3 hospitals in Uganda: Kiruddu 
National Referral Hospital and Mulago National Specialized 
Hospital in Kampala and Mbarara Regional Referral Hospital 
in Mbarara.

Intervention

Experimental group participants received oral LNC amphoter
icin and flucytosine 100 mg/kg/d. The LNC amphotericin dose 
was 2 g/d (333 mg × 6 doses) in cohort 1 through 2 weeks fol
lowed by 1.5 g/d through 6 weeks. Due to some gastrointestinal 
intolerance in cohort 1, we reduced the induction daily dose to 
1.8 g/d (300 mg × 6 doses) and reduced the consolidation daily 
dose to 1.2 g/d (300 mg × 4 doses) from day 15 to week 6. This 
change was proposed to and approved by the study’s data and 
safety monitoring board. At 300-mg doses, gastrointestinal side 
effects were minimal; above 300 mg [7], side effects increased in 
frequency, with only 2 of 10 participants in cohort 1 tolerating 
all 333-mg doses over 10 days.

Randomized controls received IV liposomal amphotericin 
3 mg/kg/d (AmBisome, Gilead Sciences, Foster City, CA) or 
IV amphotericin B deoxycholate 1.0 mg/kg/d plus flucytosine 
100 mg/kg/d in 4 divided doses for 7 days, then fluconazole 
1200 mg/d through 14 days, per 2018 World Health 
Organization cryptococcal guidelines [13]. Liposomal ampho
tericin B was reconstituted in 500 mL of 5% dextrose, filtered, 
and administered over 2 hours. Liposomal amphotericin became 
available in 2021. Amphotericin B deoxycholate was reconstitut
ed in 500 mL of 5% dextrose and administered over 4 hours. 
Participants received 1 L of normal saline before any IV ampho
tericin plus 1 additional liter of intravenous fluid (5% dextrose or 
normal saline) after IV amphotericin. Participants received po
tassium and magnesium supplements daily when receiving IV 
amphotericin followed by 2 additional days [5].

Participants were hospitalized for a minimum of 12 days. 
After discharge, all participants received fluconazole 800 mg/ 
d from day 15 to 10 weeks and 200 mg/d thereafter. We fol
lowed participants in clinic every 2 weeks through 10 weeks 
and thereafter every 4 weeks through 18 weeks. If participants 
missed clinic appointments, investigators performed follow-up 
either by telephone or in-person home visits. ART was initiated 
or switched at 6-week clinic visits in accordance with best prac
tices [3, 14].

Safety-monitoring blood tests were routinely performed dur
ing the first 2 weeks and repeated at weeks 4 and 6. Lumbar 
punctures for quantitative CSF cultures were performed at di
agnosis and days 3, 7, and 14 [15]. Participants with ongoing 
symptoms of increased intracranial pressure received addition
al therapeutic lumbar punctures. Participants with ongoing 
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CSF culture growth at week 2 were offered repeat lumbar punc
tures at 4 weeks to document CSF sterility.

Outcomes

The primary trial end point was the EFA rate of CSF 
Cryptococcus clearance quantified by the change of log10 

Cryptococcus colony-forming units (CFU)/mL CSF/d as mea
sured by serial quantitative CSF fungal cultures over approxi
mately 2 weeks [15].

Secondary end points included incidence of grade 3–5 labo
ratory AEs; incidence of clinical grade 3–5 AEs or serious AEs; 

tolerability, defined as the cumulative proportion of induction 
therapy doses received; 18-week survival time; 18-week 
hospital-free survival time among 2-week survivors; and addi
tional IV amphotericin administered.

Randomization

Participants were randomized in a 2.5-to-1 ratio to either inter
vention or control groups, using a computer-generated, per
muted block randomization with unequal size blocks of 2 or 
4. The study pharmacist in Kampala kept the randomization se
quence. Randomization was stratified by first-episode vs 

Figure 1. Oral LNC amphotericin B randomized trial design. Cohort 1 was a pilot assessing tolerability and toxicity of oral lipid nanocrystal (LNC) amphotericin B (ampho) in 
an ill population with advanced human immunodeficiency virus disease and cryptococcal meningitis. After Cohort 1, investigators reduced the LNC amphotericin B dose from 
333 mg per unit dose to 300 mg per unit dose with induction therapy at a 1.8 g daily total dose and consolidation therapy from week 2 to week 6 at a 1.2 g daily total dose. 
Cohort 3 was a safety pilot assessing an initial all-oral regimen with scheduled IV amphotericin B given from day 6 to day 14. Cohort 2 and cohort 4 assessed efficacy of a 
6-week oral LNC amphotericin B regimen with or without 2 IV amphotericin B loading doses, respectively. Randomized controls were pooled across all 4 cohorts, receiving IV 
liposomal amphotericin B 3 mg/kg (n = 22) or IV amphotericin B deoxycholate 1 mg/kg (n = 19). Flucytosine was administered at 100 mg/kg/d in 4 divided doses. This 4-stage 
trial was designed to maximize participant safety using a new experimental therapy for a 100% fatal infection. *Randomization was stratified by first vs second episode of 
cryptococcosis, resulting in cohort 2 enrolling 1 more participant randomized to control (n = 57 in total). Abbreviations: 5FC, flucytosine; Ampho, amphotericin B; IV, intra
venous; LNC, lipid nanocrystal.
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second-episode cryptococcal meningitis, resulting in n = 41 
controls being enrolled.

Sample Size

This study was planned to enroll 140 participants. Cohorts 1 
and 3 were designed as pilot safety cohorts with 10 interven
tional participants and 4 randomized controls. Cohorts 2 and 
4 were designed to evaluate efficacy against previously estab
lished antifungal regimens by estimating the mean EFA.

An EFA benchmark of 0.20 log10 CFU/mL/d was selected 
based on previous studies, where EFAs below this threshold 
have increased mortality [16]. Assuming the EFA standard de
viation is ±0.20 [17, 18] and the mean of EFA ≥0.28 log10 CFU/ 
mL/d, a minimal sample size of 32 was required for a 95% con
fidence interval (CI) with lower bound >0.2 log10 CFU/mL/d, 
using 1-sample t distribution. Assuming 80% of participants 
would contribute data by having nonsterile baseline cultures, 
we chose 40-participant sample size cohorts to provide the stat
istical evidence that the mean EFA is >0.2 log10 CFU/mL/d.

Statistical Methods

The primary end point of CSF EFA was calculated for partici
pants with at least 2 CSF cultures in the first 18 days. CSF cul
ture time points were log10 transformed for analysis. 
Participants with sterile baseline CSF cultures did not contrib
ute data. The primary analysis for EFA is based on simple linear 
regression models, as this approach has been reported in mul
tiple cohorts [8–10, 16–18]. A simple linear regression model 
was fitted for each individual, using all feasible data points 
and excluding data points after CSF cultures were sterilized. 
Slopes from simple linear regression were considered the 
EFA estimates for each participant for statistical inference. As 
a sensitivity analysis, we used a linear mixed-effects regression 
model with random intercepts and random slopes for individ
ual participants to account for the intrasubject correlation in
duced by repeated measures over time.

To analyze time-to-event end points, such as mortality and 
hospitalization-free survival, we utilized Kaplan–Meier esti
mates. We summarized categorical secondary end points with 
counts and proportions using the Fisher exact test for statistical 
inference. We summarized continuous end points using mean 
with 95% CIs or median (interquartile range [IQR]), as appro
priate, and statistical inference using t test or Kruskal–Wallis 
test, respectively. We conducted analyses using SAS version 
9.3 (SAS Institute, Cary, NC) and R version 3.6.0.

RESULTS

From 21 July 2020 through 12 October 2022, we screened 
205 participants with cryptococcal meningitis. Of these partic
ipants, 141 met eligibility criteria and were randomized to LNC 
amphotericin (n = 100) or standard-of-care IV amphotericin 

(n = 41) across 4 cohorts (Figure 2). Follow-up was completed 
on 15 February 2023. Overall, the median age was 36 years 
(IQR, 31 to 42), 50% (70 of 141) were women, 67% (94 of 
141) were ART–naive, and the median CD4 count was 
30 cells/μL (IQR, 10 to 85). The median CSF quantitative cul
ture was 6600 Cryptococcus CFU/mL (IQR, 65 to 75 860) 
with 85% (120 of 141) of participants having nonsterile CSF 
at baseline and surviving to contribute EFA data. Table 1 pre
sents demographic and baseline CSF data by randomized 
group. Cohort 1 (n = 10) and cohort 3 (n = 10) were pilot safety 
cohorts, with data provided in the Supplementary Material.

Antifungal Activity

The primary end point was the CSF Cryptococcus clearance rate 
measured by longitudinal quantitative CSF cultures (Table 2). 
The cohort 2 oral LNC amphotericin given after 2 IV ampho
tericin loading doses had a mean EFA of 0.423 log10 

Cryptococcus CFU/mL CSF/d (95% CI: .294 to .551). The IV 
amphotericin control group had a mean EFA of 0.455 (95% 
CI: .359 to .551) log10 CFU/mL/d. The mean EFA difference be
tween groups was −0.032 (95% CI: −.196 to .131) log10 CFU/ 
mL/d. Therefore, no clinical or statistical evidence indicated 
any difference in antifungal activity between the cohort 2 
LNC amphotericin regimen and IV amphotericin.

The all-oral LNC amphotericin regimen cohort 4 had an 
overall mean EFA of 0.402 (95% CI: .165 to .640) log10CFU/ 
mL/d. The mean EFA difference between the all-oral 
regimen and IV amphotericin was −0.053 (95% CI: −.317, 
.211) log10 CFU/mL/d. However, more variability was present 
in CSF clearance with the all-oral regimen (EFA range, 0.02 
to 4.161 log10 CFU/mL/d). Among the all-oral regimen, 
those with CSF pleocytosis (≥5 white cells/μL CSF) had a 
2-fold faster rate of mean CSF clearance (EFA = 0.564 vs 
0.250 log10 CFU/mL/d; Supplementary Table 3). The max 
4.161 EFA reflected a rapid clearance of 14 500 Cryptococcus/ 
mL yeasts to CSF sterility in 1 day. When imputing this outlier 
value as the penultimate cohort maximum of 2.352 log10 CFU/ 
mL/d, the mean EFA of the all-oral regimen was 0.348 (95% CI: 
.211 to .484) log10 CFU/mL/d.

Among participants with positive CSF cultures at baseline, 
the incidence of CSF culture sterility was similar by 2 weeks. 
Approximately 62% (23 of 37) of cohort 2 participants achieved 
CSF sterility in the first 2 weeks compared with 64% (21 of 33) 
who received the all-oral LNC amphotericin (cohort 4) and 
68% (23 of 34) who received IV amphotericin.

Survival

We followed participants for 18-week survival (Figure 3). The IV 
amphotericin control group had 85% (35 of 41) survival, similar 
to the all-oral LNC amphotericin 85% (34 of 40) survival. The 
survival with oral LNC amphotericin with 2 IV loading doses 
was 90% (36 of 40), with an absolute risk difference in mortality 
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of −4.6% (95% CI: −18.9% to 9.6%) compared with the IV am
photericin control group. Notably, only 1 participant in the IV 
loading dose oral LNC amphotericin group died in the first 30 
days, dying on day 2 before receiving LNC amphotericin.

Toxicity

Laboratory toxicities were substantially lower with 6 weeks of 
oral LNC amphotericin than 1 week of IV amphotericin 
(Table 3). Grade ≥3 potassium AEs occurred in 5% (4 of 80) 
of oral LNC amphotericin groups vs 17% (7 of 40) with IV am
photericin (P = .04). Grade ≥3 anemia occurred in 21% (17 of 
80) of the LNC amphotericin groups vs 43.9% (18 of 41) with 
IV amphotericin (P = .01). Among participants who entered 
the trial with a normal hemoglobin level, only 4.2% (2 of 48) 
developed grade ≥3 anemia with LNC amphotericin and flucy
tosine compared with 38% (11 of 29) who received IV ampho
tericin (Supplementary Table 6A). Kidney toxicity with 6 weeks 
of LNC amphotericin was infrequent. With IV amphotericin, 
43% (17 of 40) of controls had grade 1 or greater creatinine in
crease compared with 23% (9 of 39) with oral LNC amphoter
icin given 2 IV amphotericin loading doses and only 13% (5 of 
39) with the all-oral amphotericin regimen (Supplementary 
Table 6B). Clinical AEs (41% LNC amphotericin vs 56% con
trols) and serious AEs (26% LNC amphotericin vs 27% 

controls) did not statistically differ; most were HIV-related or 
cryptococcosis-related.

The tolerability of LNC amphotericin was excellent 
(Supplementary Table 7). Only 1 participant had early LNC 
amphotericin discontinuation before 6 weeks. Only 1 all-oral 
regimen participant received additional IV amphotericin dur
ing induction.

DISCUSSION

In this randomized trial, we demonstrated similar CSF antifun
gal activity and 18-week survival with a novel, oral LNC formu
lation of amphotericin B when combined with flucytosine. The 
measured antifungal activity in CSF at the site of infection was 
similar to that of the standard 7-day course of IV amphotericin 
with flucytosine. When 2 IV loading doses of amphotericin B 
were given followed by oral LNC amphotericin, the 18-week 
survival was 90% with only 1 death in the first 30 days and 
no persons lost to follow-up or censored.

These impressive results using 2 IV loading doses then oral 
LNC amphotericin were not due to cohort 2 being a “healthy 
cohort” as the median CD4 count was 25 cells/μL, median 
Cryptococcus culture was 40 750 CFU/mL CSF, and the major
ity were ART-naive. These demographics and fungal burden 
were similar to those for the subset of 231 Ugandan participants 

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) diagram. Randomization occurred in a 2.5:1 ratio in 4 sequential cohorts, stratified by first (n = 139) vs 
second (n = 2) episode of cryptococcal meningitis. The randomized IV amphotericin B controls were pooled across the 4 cohorts with n = 41 in total as 1 pooled overall control 
group for comparison. Abbreviations: CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; IV, intravenous; LNC, lipid nanocrystal; MAT2203, lipid nanocrystal am
photericin B (Matinas Biopharma).
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enrolled in the Ambition-cm single-dose 10 mg/kg liposomal 
amphotericin trial with a Glasgow coma score of 15 [4] who 
had a median CD4 count of 23 cells/μL and median CSF culture 

of 31 500 CFU/mL. Among these Ugandan Ambition-cm par
ticipants, survival outcomes were comparable with 85% (197 of 
231) 30-day survival and 79% (182 of 231) 16-week survival [4]. 

Table 1. Demographics and Baseline Cerebrospinal Fluid Data of Randomized Trial Participants With Cryptococcal Meningitis

Demographic N
Oral LNC Amphotericin B  
With 2 IV Loading Doses N

All-Oral LNC  
Amphotericin B N

IV Amphotericin  
B Controls

Age, y 40 35 [30–40] 40 37 [32–43] 41 39 [33–43]

Female 40 20 (50%) 40 18 (45%) 41 21 (51%)

Weight, kg 40 52 [45–58.5] 40 50.5 [45–55] 41 53 [46–58]

Receiving HIV therapy 40 10 (25%) 40 18 (45%) 41 15 (37%)

Currently on tuberculosis therapy 40 5 (12.5%) 40 6 (15%) 41 8 (19.5%)

Second episode cryptococcal meningitis 40 0 (0%) 40 0 (0%) 41 2 (4.9%)

CD4 count, cells/μL 37 25 [15–75] 38 25 [9–75] 39 27 [9–100]

Hemoglobin, g/dL 40 11.5 [9.6–13.5] 40 11.7 [10.1–13.5] 40 11.8 [10.2–12.9]

Sodium, mmol/L 40 135 [132–137] 39 133 [128–137] 40 134 [132–137]

Potassium, mmol/L 40 4.3 [3.8–4.7] 39 4.2 [3.8–4.4] 40 4.4 [4.0–4.8]

Creatinine, mg/dL 40 0.69 [0.55–0.84] 39 0.83 [0.68–0.94] 40 0.76 [0.63–0.90]

CSF opening pressure, cm H2O 38 20 [12–36] 40 13 [6–27] 38 21 [12–30]

Cryptococcus log10 colony-forming units/mL CSF culture 40 4.61 [1.62–5.11] 40 3.58 [1.78–4.75] 41 3.73 [1.85–4.79]

Sterile CSF culture 40 3 (7.5%) 40 7 (17.5%) 41 7 (17%)

Values are median [interquartile range] or N (%). Additional baseline demographics and laboratory values are provided in Supplementary Table 1.  

Abbreviations: CSF, cerebrospinal fluid; HIV, human immunodeficiency virus; IV, intravenous; LNC, lipid nanocrystal.

Table 2. Early Fungicidal Activity Comparison of Oral Lipid Nanocrystal Amphotericin vs Intravenous Amphotericin Controls

CSF Clearance and Sterility Characteristic

Oral LNC Amphotericin B  
With 2 IV Loading Doses, 

Cohort 2

All-Oral LNC  
Amphotericin B, 

Cohort 4

IV Amphotericin B,  
Controls 

Cohorts 1–4

Number randomized 40 40 41

Number contributing to EFA and sterility analyses 37 33 34

EFA by general linear modelsa

Maximum 2.352 4.161 1.234

75th percentile 0.518 0.379 0.645

Median 0.324 0.249 0.366

25th percentile 0.216 0.195 0.260

Minimum 0.000 0.017 0.066

EFA mean (95% CI) 0.423 
(.294 to .551)

0.402 
(.165 to .640)

0.455 
(.359 to .551)

EFA difference, mean (95% CI) −0.032 
(−.196 to .131)

−0.053 
(−.317 to .211)

Reference

EFA mean (95% CI) outliers imputedb 0.423 
(.294 to .551)

0.348 
(.211 to .484)

0.455 
(.359 to .551)

EFA by mixed model slope (95% CI)a 0.328 
(.270 to .386)

0.253 
(.193 to .312)

0.374 
(.310 to .438)

CSF sterile at 2 wk, N (%) 23 (62.2%) 21 (63.6%) 23 (67.6%)

CSF sterile ever, N (%) 36 (97.3%) 30 (90.9%) 28 (82.4%)

Additional IV amphotericin B received during induction therapy 1 0 0

CSF culture positive at >28 dc 4 (10%) 5 (12.5%) 2 (4.9%)

CSF culture positive >28 d or death 7 (17.5%) 11 (27.5%) 8 (19.5%)

Participants contributing data had nonsterile CSF at baseline and at least 2 lumbar punctures during study days 1–18. EFA unit is in log10 Cryptococcus colony-forming units (CFU) per milliliter 
CSF per day. Supplementary Table 2 provides data for cohorts 1 and 3. Supplementary Figure 1 provides individual participant-level EFA plot, and Supplementary Figure 2 provides summary 
mean EFA (95% CI) by cohort and for historical oral regimens.  

Abbreviations: CI, confidence interval; CSF, cerebrospinal fluid; EFA, early fungicidal activity; IV, intravenous; LNC, lipid nanocrystal.  
aMixed regression model: log10 CSF ∼ arm + day + arm * day, with random intercepts and random slopes for day with patients as the random effect.  
bEFA of participant 110 807 (cohort 4) has EFA = 4.161 log10 CFU/mL/d is imputed as 2.352 (cohort second highest EFA) as a sensitivity analysis.  
cSupplementary Table 4 provides quantitative culture data for all positive CSF cultures beyond day 28.
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The improvement in survival is in marked contrast to our 
2001–2002 Kambugu et al prospective cohort, where with 
2 weeks of IV amphotericin B deoxycholate, 51% mortality oc
curred in those with a Glasgow coma score of 15 [19] and where 
amphotericin-induced nephrotoxicity and hypokalemia likely 
contributed to mortality [5].

The toxicity associated with LNC amphotericin formulation 
was better than IV formulations. In this trial, the majority (22 of 
41) of controls received IV liposomal amphotericin B. Clinical 
AEs did not differ, being mostly attributable to cryptococcosis 
or HIV/AIDS. However, laboratory AEs were significantly less 
frequent within the oral LNC amphotericin cohorts, particular
ly for anemia and hypokalemia, both strongly associated with 
mortality [5, 20].

An interesting observation was that although the all-oral reg
imen had 85% 18-week survival, which was similar to that for 
IV amphotericin controls, more variability occurred in 
Cryptococcus CSF clearance, both interparticipant (greater 
than expected) and intraparticipant over time (unexpected). 
The variability observed with the all-oral regimen may be due 
to CSF pleocytosis, as oral LNC amphotericin is taken up by 
monocytes that then traffic into the central nervous system [6]. 
Although small sample sizes preclude definitive conclusions, 
those with CSF pleocytosis had 2-fold higher mean rates of 
fungal clearance. The all-oral EFA did not meet our prespec
ified criteria of having a lower 95% CI that was greater than 
0.2 log10 CFU/mL/d as one participant had an EFA of 4.161 

log10 CFU/mL/d (10-fold better than the cohort mean), 
which greatly increased the standard deviation and thereby 
the 95% CI width. When the 10-fold better EFA participant 
was excluded, the lower 95% CI was >0.2 log10 CFU/mL/d, 
meeting our prespecified criteria. Given the variability in CSF 
pleocytosis, which is somewhat unique to cryptococcal meningi
tis, we believe the IV loading dose(s) is a wise strategy for which 
there is precedence with antimicrobial therapy for bacterial 
infections.

The uptake of LNC amphotericin into macrophages, which 
is where the facultative intracellular yeasts of Cryptococcus re
side, has a distinct benefit of creating high intracellular ampho
tericin levels and low extracellular amphotericin levels. Thus, 
the degree of systemic toxicity was lower than IV amphotericin. 
Another advantage of LNC amphotericin could be that the 
macrophages would have yeast-killing activity, regardless of 
type-1 T-helper cell (Th1) classical activation vs Th2 polariza
tion. Alternatively, activated Th2 macrophages generate in
flammation and fibrosis yet do not kill yeast [21]. With LNC 
amphotericin present, such alternatively activated macrophag
es may well retain fungicidal activity. This should be an area of 
further investigation that uses experimental models [21].

Beyond the observed clinical efficacy and lower toxicity, oth
er potential LNC amphotericin benefits may exist. First, elec
trolyte monitoring and supplementation appear to be 
unnecessary, hence, enabling outpatient therapy, where the ca
pacity to perform extensive laboratory monitoring is limited. 
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Figure 3. Survival through 18 weeks with oral LNC amphotericin B (MAT2203; Matinas Biopharma) vs IV amphotericin B with (A) and without (B) 2 IV amphotericin loading 
doses. The standard-of-care control arm received liposomal amphotericin B (n = 22) at 3 mg/kg/d or amphotericin B deoxycholate (n = 19) 1 mg/kg/d for 7 days with flu
cytosine followed by fluconazole 1200 mg/d through day 14. Oral LNC amphotericin B regimens were given with oral flucytosine 100 mg/kg daily for 2 weeks. After 2 weeks, 
all participants received fluconazole 800 mg/d to week 10, then secondary prophylaxis with fluconazole 200 mg/d. Absolute risk difference calculated with Wald 95% con
fidence intervals. Abbreviations: CI, confidence interval; IV, intravenous; LNC, lipid nanocrystal.
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Second, not requiring IV access for the longer term decreases 
the risk of thrombophlebitis and bacteremia [22, 23]. Third, 
LNC amphotericin is stable at room temperature, making it 
easily administered in outpatient settings.

This study has limitations. As combination LNC ampho
tericin with flucytosine therapy was given, the relative contri
bution of each is unknown; however, flucytosine alone is 
ineffective with rapid development of resistance [24]. This 
trial recruited adults with HIV without altered mental status, 
as the investigational product was an oral formulation, hence, 
appropriate for those able to swallow oral medications. While 
this LNC formulation could theoretically be administered via 
nasogastric tube, such patients are likely better served initial
ly by IV medicines. The wide 95% CI of the all-oral LNC am
photericin arm (EFA, 0.171 to 0.646 log10 CFU/mL/d) has 
imprecision due to the greater interperson variability 
observed.

In conclusion, the LNC amphotericin oral formulation had 
similar efficacy as traditional IV amphotericin B but was less 
toxic. Herein, we demonstrated similar antifungal activity at 
the site of infection in humans and noninferior 18-week surviv
al outcomes when 2 IV loading doses were given. We consider 
cryptococcal meningitis as a proof-of-concept fungal infection 

model. If LNC amphotericin with flucytosine can treat a 100% 
fatal fungal infection of the brain in severely immunocompro
mised persons with HIV, treatment of other fungal infections 
should be possible. This requires future clinical trials to 
confirm.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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