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Background. Histoplasmosis is a major AIDS-defining illness in Latin America. Liposomal amphotericin B (L-AmB) is the 
drug of choice for treatment, but access is restricted due to the high drug and hospitalization costs of the conventional long 
regimens.

Methods. Prospective randomized multicenter open-label trial of 1- or 2-dose induction therapy with L-AmB versus control for 
disseminated histoplasmosis in AIDS, followed by oral itraconazole therapy. We randomized subjects to: (i) single dose 10 mg/kg of 
L-AmB; (ii) 10 mg/kg of L-AmB on D1, and 5 mg/kg of L-AmB on D3; (iii) 3 mg/kg of L-AmB daily for 2 weeks (control). The 
primary outcome was clinical response (resolution of fever and signs/symptoms attributable to histoplasmosis) at day 14.

Results. A total of 118 subjects were randomized, and median CD4+ counts, and clinical presentations were similar between 
arms. Infusion-related toxicity, kidney toxicity at multiple time-points, and frequency of anemia, hypokalemia, 
hypomagnesemia, and liver toxicity were similar. Day 14 clinical response was 84% for single-dose L-AmB, 69% 2-dose L-AmB, 
and 74% for control arm (P = .69). Overall survival on D14 was 89.0% (34/38) for single-dose L-AmB, 78.0% (29/37) for 2-dose 
L-AmB, and 92.1% (35/38) for control arm (P = .82).

Conclusions. One day induction therapy with 10 mg/kg of L-AmB in AIDS-related histoplasmosis was safe. Although clinical 
response may be non-inferior to standard L-AmB therapy, a confirmatory phase III clinical trial is needed. A single induction dose 
would markedly reduce drug-acquisition costs (>4-fold) and markedly shorten and simplify treatment, which are key points in 
terms of increased access.
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Disseminated histoplasmosis (DH) is a major killer of people 
with human immunodeficiency virus (HIV)/AIDS (PWHA), 

resulting in more deaths than tuberculosis in the Americas [1]. 
The real burden of DH is not completely known, given the low 
recognition of disease and limited access to rapid Histoplasma 
antigen detection [2]. In different parts of the world, lack of ac-
cess to rapid diagnostics leads to late diagnoses and high mortal-
ity [3]. Advanced HIV disease (AHD), despite increasing access 
to antiretroviral treatment, is still a major problem in most coun-
tries of the region [4]. Disruptions of HIV care driven by the co-
ronavirus disease 2019 (COVID-19) pandemic has led to more 
AHD [5] and may also contribute to more HIV-associated 
histoplasmosis.

The recommended treatment for DH is liposomal amphoter-
icin (L-AmB) for 2 weeks [6]; however, access to this drug is 
limited in most countries where histoplasmosis is endemic 
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[7]. Patients are usually treated with high-dose regimens of am-
photericin B deoxycholate (d-AmB) for at least 2 weeks, requir-
ing hospitalization and costly laboratory monitoring of adverse 
effects. Nephrotoxicity is the main adverse event and is associ-
ated to increased mortality [8]. Other adverse reactions such as 
anemia and electrolyte abnormalities contribute to poor out-
comes and intensive use of health resources [9]. Alternative 
modalities of treatment are ultimately needed.

Treatment strategies based on high single doses of L-AmB 
have been successful for visceral leishmaniasis and cryptococ-
cosis [10, 11]. In visceral leishmaniasis, doses of 10 mg/kg of 
L-AmB are routinely used. Recently, based on the results of a 
randomized clinical trial, the World Health Organization has 
endorsed a single high-dose regimen of L-AmB for the treat-
ment of cryptococcal meningitis [12]. Drug characteristics 
like the safer profile, long tissue half-life, and a higher concen-
tration in the reticuloendothelial system (one of the sites in 
which Histoplasma capsulatum concentrates) make this strat-
egy particularly attractive for the treatment of DH [13–15]. 
However, such treatment strategy has never been studied in 
histoplasmosis. Here we conducted an open-label, phase 2, 
multicenter, randomized trial, to investigate safety, clinical 
and mycological response of high-dose regimens of L-AmB 
for the treatment of histoplasmosis. We evaluated two experi-
mental regimens (single dose of 10 mg per kilogram of 
L-AmB and one dose of 10 mg/kg on day 1 followed by a sec-
ond dose of 5 mg per kilogram on day 3) along with a control 
arm using the World Health Organization (WHO)/ Pan 
American Health Organization (PAHO) recommended regimen 
(3 mg/kg per day for 14 days).

METHODS

Study Design and Oversight

This was a prospective multicenter randomized phase II non- 
inferiority open label trial, conducted from February 2020 
to April 2022 in 6 Brazilian tertiary medical centers 
(Supplementary Appendix). The trial was registered at 
ClinicalTrials.gov: NCT04059770. The trial was conducted in 
accordance with the International Council for Harmonization 
Good Clinical Practice guidelines and the Declaration of 
Helsinki. The study was approved by the Brazilian National 
Committee of Ethics in Research and by the ethical committees 
of all participating centers. Participation in the study was vol-
untary and signed consent was obtained for all research 
individuals.

Trial Participants

The trial enrolled adult PWHA hospitalized patients diagnosed 
with DH using antigen detection, polymerase chain reaction, or 
culture/histopathology. Inclusion and exclusion criteria are de-
tailed in the Supplementary Appendix.

Interventions and Procedures

We randomized study participants for induction therapy for DH 
for one of the three regimens: Single-dose L-AmB, 10 mg/kg sin-
gle intravenous dose of L-AmB; 2-dose L-AmB, 10 mg/kg 
L-AmB (day 1), followed by 5 mg/kg (day 3); and control arm, 
L-AmB at 3 mg/kg/days intravenously for 2 weeks. After induc-
tion therapy, all patients received itraconazole capsules 400 mg 
daily (no recommendation regarding loading dose), which was 
started within 24 hours after induction therapy, and continued 
for 1 year. Physicians were recommended to initiate antiretrovi-
ral therapy as soon as possible, according to international guide-
lines [6]. Clinical and laboratory data collection and the 
preparation of the study drug are described in the 
Supplementary Appendix. Electrolyte supplements and pre- 
hydration were given to all individuals participating in the trial.

Randomization

Participants were subjected to a simple centralized randomiza-
tion method 1:1:1, to one of the three study arms [16].

Primary Endpoint

Clinical resolution on day 14 was the primary endpoint, defined 
as resolution of fever and signs/symptoms attributable to histo-
plasmosis, except for manifestations that are expected to last for 
more than 14 days after treatment initiation: skin lesions, hep-
atosplenomegaly, jaundice, and pancytopenia.

Secondary Endpoints

Secondary endpoints were also determined on day 14 and in-
cluded overall survival; renal function abnormalities; anemia; 
and liver function abnormalities. Kidney toxicity was classified 
according to the KDIGO system [17], and liver toxicity was de-
termined using DAIDS Adverse Event Grading Tables [18]. 
Patients were followed up for one year after entering the study, 
and survival was evaluated at weeks 12, 24, and 48.

Statistical Analysis

Using a non-inferiority design, assuming an expected propor-
tion of favorable response equals to 88% [15], a sample size 
of 29 subjects per arm would provide the trial with 80% of pow-
er to show non-inferiority of the alternative arms to the PAHO/ 
WHO recommended regimen, given a specified non-inferiority 
margin of 20% and 1-side α = 0.05. Considering a dropout rate 
of 10%, the sample size per arm was calculated to 33 patients, 
and the total sample size for the study was 99 patients.

The primary analysis was performed in an intention-to-treat 
fashion, which included all the participants who had undergone ran-
domization. Statistical tests were used in an exploratory way according 
to a pre-specified analysis plan. The primary outcome was evaluated 
using the proportions in each arm and respective confidence intervals. 
Patients who did not complete the initial 14 days of treatment were 
analyzed for the safety purposes only. Fishers exact test was used 
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for the comparisons of proportions. A Kaplan-Meier curve was con-
structed for the analysis of survival of the three trial arms. For the com-
parison of continuous variables of secondary outcomes, the 
Mann-Whitney test was utilized. Analyses were conducted using 
SPSS software, version 18.0 (IBM Corporation, New York, USA).

RESULTS

Trial Population

During the period of study, we screened 882 patients for the tri-
al, the majority of whom did not have histoplasmosis 
(Figure 1). Of those screened, we excluded 764, resulting in 
118 patients for the intention-to-treat population. Patients 
were randomized to a single high dose of L-AmB (10 mg/kg 
of L-AmB; n = 40); 2-dose L-AmB (10 mg/kg of L-AmB on 
day 1, followed by 5 mg/kg on day 3; n = 39); and control 
arm (3 mg/kg of L-AmB for 2 weeks; n = 39).

Most patients in the trial were male (97/118; 81.9%), and me-
dian age was 38 years old (range, 18–74 years old). Patients in 
the study had advanced HIV disease with median CD4 count of 
25 cells/µL (range, 1–361 cells/µL) and median HIV viral load 
of 5.56 log10 copies/mL (range, 1.6–7.1 log10 copies/mL). 
Histoplasmosis was the AIDS-defining illness for 51% (60/ 
118) patients in the study.

Clinical manifestations of DH included, weight loss 70% (83/ 
118) of patients, respiratory complaints 67% (79/118), fever 
66% (77/117), abdominal findings 59% (70/118), skin lesions 
38% (45/118), lymphadenopathy 38% (45/118), and oral lesions 
36% (42/118). Pancytopenia was present in 53% (59/112) of pa-
tients: hemoglobin <10 g/dL in 73%, lymphocytes < 500 cells/ 
µL in 59%, platelets <100 000 cells/µL in 49%, and leukocytes 
<2500 cells/µL in 39%. In addition, ferritin was >3000 ng/mL 
in 75.0% of patients, serum aspartate aminotransferase (AST) 
was >3 times the upper limit of normal in 46%, lactate dehydro-
genase was >1000 U/L in 38% (normal range, 100–190 U/l), and 
serum creatinine was >1.5 times the upper limit in 7% (protocol 
violations). Baseline characteristics of the study participants were 
similar across all study arms (Table 1).

Histoplasmosis was mainly diagnosed by the detection of 
Histoplasma antigen in the urine (114/118; 97%). Median antigen 
titers were 31.2 enzyme immunoassay (EIA) units (range, <0.01 to 
>500 EIA units). Alternative diagnostic methods included fungal 
culture (48/118; 41%), microscopy (37/118; 31%), analysis of pe-
ripheral blood smears (8/118; 7%), biopsy (4/118; 3%), and detec-
tion of antibodies (3/118; 2%). No patient was diagnosed using 
molecular methods or lysis centrifugation (IsolatorTM).

Primary Endpoint

Clinical response on day 14 was 84.0% for the single-dose 
L-AmB arm—(32/38—1 patient was excluded due to concomi-
tant tuberculosis, and another was lost to follow-up). In contrast, 
clinical response occurred for 69.0% (25/36) for the 2-dose 
L-AmB arm, with 3 patients being excluded from efficacy 

analysis (1 individual with central nervous system histoplasmo-
sis, 1 patient with concomitant tuberculosis, and another patient 
lost to follow-up); in the control group, response rate was 74.0% 
(28/38), with 1 patient being lost to follow-up. Reasons for fail-
ure included death (n = 15), persistent fever (n = 10), hypoten-
sion (n = 1), and respiratory failure (n = 1). Regarding clinical 
response, the absolute risk reductions (ARR) and 95% confi-
dence interval (CI) for the single-dose L-AmB arm in compari-
son with control group was +10.5% (95% CI, −7.7% to 28.7%). 
For the 2-dose L-AmB arm, the ARR was −4.2% (95% CI, 
−24.8% to 16.3%) versus controls.

Secondary Endpoints

Overall survival on day 14 were, respectively: 89.0% (34/38) 
(single-dose L-AmB—with 2 patients being excluded from effi-
cacy analysis); 78.0% (29/37) (2-dose L-AmB arm—2 patients 
excluded from efficacy analysis); and 89.7% (35/38) (control 
group—1 patient excluded from efficacy analysis). Survival 
did no differ at 1 year among study groups (P = .440) 
(Figure 2). Survival ARR for the single-dose L-AmB arm, in 
comparison to controls, was −2.6% (95% CI, −15.6% to 
10.4%). Survival ARR for the 2-dose L-AmB arm was −13.7% 
(95%CI, −29.5% to 2.1%), in comparison to control group.

Kidney and liver toxicities were similar between the inter-
ventional groups and the control group (Figure 3). Serum po-
tassium levels of <3.5 mg/dL on day 14 occurred in 9% (3/ 
34) of patients in single-dose L-AmB arm; 19% (6/31) in 2 doses 
of L-AmB; and 33% (12/36) in control group (P = .040). Severe 
hypokalemia (<2.5 mg/dl) was not seen on day 14 in single- 
dose of L-AmB and 2 doses of L-AmB arms, as opposed to 
6% (2/36) in control group (P = .094). Serum magnesium levels 
of <1.8 mg/dL were present in 57% (17/30) of patients in 
single-dose of L-AmB arm, 41% (12/29) in 2 doses of L-AmB 
arm, 42% (13/31) in control group (P = .405). Severe hypomag-
nesemia (<1.25 mg/dl) was seen in no patient in single-dose 
of L-AmB, in comparison to 7% (2/29) (2 doses of L-AmB), 
3% (1/31) (control group) (P = .493).

Infusion-related toxicity occurred in 18.9% (7/37) of patients 
on day 1 in the single high-dose arm, in comparison to 14.3% 
(5/35) (2 doses arm), and 10.3% (4/39) (control arm) (P = .561). 
On day 3, infusion-related toxicity was reported in 0% (single 
high-dose arm), 2.9% (1/35) (2 doses arm), and 5.1% (2/39) (con-
trol arm). No patient discontinued the drug due to infusion- 
related toxicity in the study. Hemoglobin dropped >2 g/dL by 
day 14 in 21.2% (7/33), 13.3% (4/30), and 22.2% (8/36) of single 
high dose of AmB, 2 doses of L-AmB, and control group, respec-
tively (P = .618).

DISCUSSION

In this phase II trial, we demonstrated that a regimen using a sin-
gle high dose of L-AmB can be safely used as induction therapy 
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of AIDS patients with DH. Infusion-related toxicity in the single 
high-dose arm was observed at an acceptable rate (19%) and did 
not result in drug withdrawal. Nephrotoxicity in the single high- 
dose arm was low: 14% and 12% on days 7 and 14 of treatment, 
respectively, with no significant difference between arms. 
Electrolyte abnormalities were infrequent in the single high-dose 
arm. Hepatic dysfunction was not observed and reductions in 
hemoglobin were comparable to the control arm. Considering 
that the efficacy in the single high-dose arm was non-inferior 
to the standard of care, our results indicate that a shorter 
L-AmB regimen is feasible, may be better tolerated, and should 
be further evaluated for non-inferiority in a larger phase III trial.

We did not observe any severe infusion reactions and the 
documented episodes did not drive any treatment interruption. 
In the AMBITION-cm trial, where patients with HIV-related 
cryptococcal meningitis were evaluated, data on infusion reac-
tions were not systematically collected, but 2 severe (grade 3) 
infusion reactions (which did not lead to drug withdrawal) 
were observed among 407 patients who received a single high- 
dose regimen of L-AmB [10]. Our rate of infusion reactions was 
19%, still far lower than the 40% (of 304 patients) reported by 
Sundar and collaborators in a single high-dose amphotericin 
trial for the treatment of visceral leishmaniasis [11].

Our trial showed a non-significant reduction in renal toxicity 
in the single high dose of liposomal amphotericin as compared 
to the standard of care with 14 days of treatment. Data from 
studies of d-AmB have demonstrated association between 

Figure 1. Randomization process.

Table 1. Baseline Demographic, Clinical, and Laboratorial Findings of 
AIDS Patients With Disseminated Histoplasmosis Included in Each of 
the Three Study Arms of Induction Therapy With Liposomal 
Amphotericin B in Brazil (2020–2022)

Arm 1 Arm 2 Arm 3

Age in years (median) 40 39 39

Male sex 88% 72% 87%

On antiretroviral therapy 32% 38% 26%

CD4 count cells/µL (median) 27 27 22

Viral load, log10 (median) 5.3 5.2 5.6

Histoplasma antigen, EIV (median) 47.6 30.7 31.0

Karnofsky score ≤70 52% 49% 51%

Fever 70% 58% 69%

Weight loss 80% 56% 74%

Pulmonary symptoms 75% 69% 56%

Oral lesions 42% 33% 31%

Skin lesions 42% 31% 41%

Hemoglobin (median) 8.80 9.10 9.35

Leukocytes (median) 2930 3030 2850

Neutrophils (median) 2025 2363 2285

Lymphocytes (median) 443 313 431

Platelets (median) 90 000 135 000 93 000

Serum creatinine (median) 0.80 0.78 0.77

Lactate dehydrogenase (median) 496 618 691

Ferritin (median) 5193 8250 8250

Aspartate aminotransferase (median) 43 102 88

Alanine aminotransferase (median) 43 58 59

Arms 1 received single (10 mg/kg) high dose of lipossomal amphotericin B (n = 40).  

Arm 2 received 10 mg/kg on day 1, followed by 5 mg/kg on day 3 (n = 39).  

Arm 3 is the control group (3 mg/kg of liposomal amphotericin B for 2 weeks) (n = 39).  

Abbreviation: EIV, enzyme immunoassay index value.
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longer courses of treatment and a higher risk of nephrotoxicity 
[19, 20]. In fact, Luber and collaborators found that a greater 
cumulative dose of d-AmB and the use of concomitant nephro-
toxic drugs were associated to an increased risk of renal toxicity 
[20]. However, extrapolation of these data must be interpreted 
with caution, because L-AmB and d-AmB are suggested to have 
distinct mechanisms of nephrotoxicity [21].

In line with our observations, single high-dose regimens have 
not been associated with increased kidney toxicity [10, 11]. The 
use of a 10 mg/kg dose of L-AmB for the treatment of cryptococ-
cal meningitis was associated with only 4% Grade 3 (1.5 to <  
2.0×participants’ baseline) and 1.2% Grade 4 (of ≥2.0×partici-
pants’ baseline) glomerular toxicity [10]. Our study, using the 
acute kidney injury definition by KDIGO [17] detected acute 
kidney injury in 12% of patients using the single high-dose 
L-AmB treatment. Even though not statistically different (P  
= .10), the rate was half of the observed in the control arm.

Sundar and collaborators also reported low rates (2%) of 
nephrotoxicity, defined by a doubled serum creatinine level 
from baseline and that exceeded 2.0 mg/dL, or that was more 
than 2.5 mg/dL, for the treatment of visceral leishmaniasis 
[11], reporting no severe electrolyte abnormalities. Rates of hy-
pokalemia and hypomagnesemia observed in the single high- 
dose arm of our study were low and tend to be lower than 
the control arm.

Another practical concern regarding the use of a high dose of 
L-AmB are increases in serum bilirubin, alkaline phosphatase, 

and serum transaminases, which have been infrequently ob-
served before [14]. Indeed, rises in serum transaminases ap-
peared to occur with prolonged treatments [14]. We did not 
observe any signs of liver toxicity or increases of serum trans-
aminases aside from what is expected in DH, a disease primar-
ily affecting the reticuloendothelial system and consequently 
involving the liver [22, 23].

Considering the occurrence of this disease in AHD patients, 
anemia is a potentially life-threatening adverse event and must 
be addressed when using amphotericin B therapy. In a small 
retrospective study, L-AmB has been associated with anemia 
and thrombocytopenia in a dose-dependent manner [24]. 
However, the strategy of a single high dose of L-AmB was 
not associated to increased risk of anemia in the treatment of 
cryptococcosis and visceral leishmaniasis, performing better 
than the comparators in both studies [10, 11]. In our study, 
no differences between the high and standard dosing groups 
were observed regarding to hematological toxicity.

L-AmB has a dose-related, non-linear, saturation-like phar-
macokinetics. The maximum area under the curve (AUC) and 
maximum concentrations (Cmax) values are reached following 
the administration of 10 mg/kg/day, declining at 12.5 and 
15 mg/kg/day [14]. In the phase I/II studies, the drug was 
well tolerated, without dose-limiting adverse effects, across 
this dose range [14]. When taken into effect measured in ani-
mal models, the best correlation with outcome is the ratio of 
Cmax to minimal inhibitory concentration (Cmax/MIC) [13]. 

Figure 2. Cumulative survival per study arm. Arm 1 received single (10 mg/kg) high dose of lipossomal amphotericin B (n = 40). Arm 2 received 10 mg/kg on day 1, followed 
by 5 mg/kg on day 3 (n = 39). Arm 3 is the control group (3 mg/kg of liposomal amphotericin B for 2 weeks) (n = 39).
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Time-kill studies proved the concentration-dependent 
fungicidal activity and prolonged post-antifungal effects for a 
duration of up to 12 hours [14]. These data support greater ef-
ficacy of higher doses of L-AmB, in comparison to standard 
regimens.

Furthermore, because DH is a disease that severely affects the 
liver, spleen, and reticuloendothelial system, the significant 
L-AmB penetration in these tissues, as a whole, supports the 
use of high dose for the treatment of DH evaluated in our trial 
[14, 22].

Our data indicate a similar clinical response and survival be-
tween the single high-dose regimen and the control arm. These 
observations provide a framework for the development of a 
clinical phase III trial comparing the single high-dose regimen 
to the WHO recommended regimen.

The study arm that used two doses of L-AmB (10 mg/kg on 
day 1 and 5 mg/kg on day 3) had a lower rate of clinical re-
sponse, although not statistically significant. It seems likely 
that this was not due to a true biological effect but possibly like-
ly statistical artefact due to the small sample size. Moreover, the 
absence of any practical or economical advantage of a regimen 
involving two doses, eliminates the need to further evaluate this 
regimen. It is worth noting that the clinical response and sur-
vival reported in our study is consonant with the only published 
trial using L-AmB for the treatment of DH to date [15].

Unfortunately, the use of L-AmB is not easily accessible in 
regions where it is most needed, for the treatment of diseases 
like cryptococcosis and histoplasmosis in persons with AHD 
[7, 25]. The single high-dose strategy evaluated here is feasible 
and its further study is urgently needed: if incorporated into 
clinical practice, it could be translated to a 4-fold cost- 
reduction in drug acquisition. This might be a critical step to 
significantly improve access.

Our study has limitations. The small number of patients in-
cluded, which is a characteristic of phase II studies, precluded 
definitive conclusions about efficacy. Nonetheless, one of 
most important clinical trials including patients with DH and 
AIDS involved only 81 participants [15]. The modification of 
the protocol including previous liver abnormalities is aligned 
to the disease presentation and in fact reflects clinical practice. 
Even though the study was open-label, blindness would be not 
feasible in such a study design. Also, nearly all patients in the 
trial had “probable” histoplasmosis based on positive 
Histoplasma antigen rather than “proven” histoplasmosis based 
on positive culture and/or histopathology (therefore, earlier di-
agnoses were obtained, in comparison to those performed by 
classical mycological methods).

In conclusion, a single high dose of L-AmB followed by itra-
conazole proved to be safe and efficacious as induction therapy 
of DH in PWHA. There seems to be no advantage for a second 

Figure 3. Kidney and liver toxicities per study arm on days 7 and 14 of study. Arm 1 received single (10 mg/kg) high dose of lipossomal amphotericin B (n = 40). Arm 2 
received 10 mg/kg on day 1, followed by 5 mg/kg on day 3 (n = 39). Arm 3 is the control group (3 mg/kg of liposomal amphotericin B for 2 weeks) (n = 39).
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L-AmB dose on day 3. Toxicity was not an issue as the high 
dose was as safe as standard therapy. A phase III trial is current-
ly being planned (NCT05814432).

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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