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Abstract
Invasive fungal infections pose significant morbidity 
and mortality risks, particularly those caused by moulds. 
Available antifungal classes are limited by toxicities 
and are increasingly susceptible to resistance, particu-
larly amongst challenging fungal pathogens. The pur-
pose of this case series and literature review was to 
characterize the use of a high-dose lipid formulation 
of amphotericin B. A case series is presented including 
patients who received high-dose lipid formulation am-
photericin B (≥7.5 mg/kg/day) between June 2012 and 
August 2021. Additionally, a systematic literature review 
was conducted by searching the PubMed database for 
English-language studies involving individuals who re-
ceived high-dose amphotericin B therapy (≥7.5 mg/kg)  
using lipid formulations. Nine patients were included in 
the case series, receiving an average of 8.9 ± 1.3 mg/kg  
liposomal amphotericin B over a mean of 11.0 ± 10.8 
days predominantly for mould infections including 
Mucorales, aspergillosis and Fusarium. The patients  
were primarily cared for in intensive care units, with 
varying treatment histories and outcomes. A total of 11 
studies (n=260 patients) met inclusion criteria for the 
literature review. Responses to high-dose liposomal 
amphotericin B ranged from 8% to 100%, often showing  

favourable outcomes. High doses of liposomal ampho-
tericin B were well tolerated both in the case series and 
in published literature, with serum creatinine chang-
es being the most commonly reported adverse event. 
However, multi-patient studies continue to report less 
than favourable (range 8–62%) response rates. High-
dose liposomal amphotericin B, either alone or in com-
bination with other antifungal agents, might be a viable 
strategy for managing invasive fungal infections when 
few treatment choices exist.

This article is part of the Challenges and strategies in 
the management of invasive fungal infections Special 
Issue: https://www.drugsincontext.com/special_issues/
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Introduction
Invasive fungal infections are responsible for high rates of 
morbidity and mortality.1,2 Although Candida species are 
associated with a long list of risk factors, the primary risk 
factor for infections with Cryptococcus species, dimorphic 
fungi and moulds is immunosuppression.3,4 Although the 
prevalence of mould infections has historically been low, 
increasing incidence has been seen as a result of more 

frequent use of broad-spectrum antifungal prophylaxis, 
increasing use of therapeutic immunosuppression (e.g. 
use of prolonged corticosteroids, chemotherapy or immu-
nosuppressant agents), and increasingly intensive antimi-
crobial treatment of patients hospitalized with infections.5

Therapy choices for invasive fungal infections have been 
relatively limited, especially when compared with antibac-
terial options. Azole antifungals, widely variable in spectrum 
across agents, are associated with drug–drug interactions, 
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hepatic toxicity and QT prolongation. The echinocandins, 
whilst relatively well tolerated, are narrow in spectrum with 
coverage for Candida species and limited moulds only. 
Flucytosine is limited by haematological and renal toxicity. 
Amphotericin B provides broad-spectrum coverage but is 
limited by its historical reputation for high incidences of re-
nal toxicity, cardiac toxicity and infusion reactions. Further-
more, all classes of antifungals are increasingly affected by 
the development of resistance, especially for these more 
difficult-to-treat fungal pathogens.6

Improvements in some of these toxicities have occurred 
with the increasing use of lipid formulations of ampho-
tericin B. Manufacturer labelling recommends doses of 
2.5–5 mg/kg, and routine clinical doses have increased 
within that range (e.g. historical use of 2.5 mg/kg with a 
slow increase to 5 mg/kg routinely over time) since ap-
proval.7–13 In recent years, the lack of response of some 
infections to standard doses of amphotericin B have 
pushed the dosing boundaries of this drug, resulting in 
clinical use of higher-than-approved doses. The pur-
pose of this case series and literature review is to char-
acterize high-dose lipid formulation amphotericin B use 
and describe the therapeutic effects of high-dose lipid 
formulations of amphotericin B on patients at one insti-
tution and in the literature.

Methodology
For the case series, patients admitted to the Universi-
ty of Mississippi Medical Center between June 2012 and 
August 2021 who received high-dose lipid complex or 
liposomal amphotericin, defined as daily receipt of  
≥7.5 mg/kg/day, were included. Amphotericin dosing at 
this institution is at the discretion of the provider, and 
there is no formal protocol or guidelines for use. Most 
patients included in this retrospective case series were 
escalated to higher-than-standard doses based on se-
verity of infection or lack of therapeutic response. This 
case series was approved by the Institutional Review 
Boards at the University of Mississippi Medical Center 
and University of Mississippi School of Pharmacy. All pa-
tient information was deidentified, and patient consent 
was not required. Favourable response was defined as 
having no inpatient mortality, no infection-related read-
mission within 90 days and no repeated cultures positive 
for the same organism within 6 months.

A systematic search of PubMed was performed with the 
search terms “amphotericin B” and “high dose” (Figure 1). 
All English-language studies completed in humans were 
reviewed. Studies referencing treatment with high-dose 
amphotericin, defined as daily receipt of an ampho-
tericin B lipid formulation (lipid complex or liposomal) 
at doses ≥7.5 mg/kg were included. Studies referencing 

one-time loading doses, prophylaxis, in vitro or animal 
studies, or those with leishmaniasis were excluded. Ref-
erences of relevant articles were reviewed and added 
as appropriate.

Results
Case series
Nine patients met the inclusion criteria for the case series 
(Table 1). Patients received an average of 8.9 ± 1.3 mg/kg 
of liposomal amphotericin B for a duration of 11.0 ± 10.8 
days (range 1–34) predominantly for mould infections, 
including Mucorales, Fusarium species and aspergillo-
sis. The average patient age was 49.4 ± 16.8 years, body 
weight was 88.0 ± 31.3 kg, and most patients (56%) were 
cared for in the intensive care unit. The average length of 
hospital stay was 46.3 ± 46.8 days. The median Charlson 
Comorbidity Index was 3 ([interquartile range 1–5], range 
0–10). Most patients (89%) had previously received am-
photericin B at an average dose of 4.66 ± 2.22 mg/kg in 
the course of the same infection as well as other concur-
rent antifungals (100%). Three patients (33%) were cured 
of their infection and 6 (67%) died during (n=4) or after 
(n=2) their stay. The main adverse effects were increased 
serum creatinine (n=3), changes in heart rhythm (n=3) 
and decreases in potassium levels (n=1).

Review of the literature
A total of 959 articles were identified through the Pu-
bMed search and review of references. After limiting 
articles to humans and English language, 637 articles 
were screened to determine eligibility for inclusion 

Figure 1. Literature search flow diagram.
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Table 1. Clinical efficacy and safety of high-dose amphotericin B.

Case Indication Amphotericin 
dose (mg/kg)

Days of 
treatment 
(days)

Concomitant 
antifungal?

Outcomes Adverse effects

1 Empirical 10 4 Posaconazole Death during 
stay

↑ SCr (baseline 0.6 to 1.52 
mg/dL)

2 Empirical 7.5 12 Voriconazole Death after 
discharge

None reported

3 Mucor 10.2 22 Posaconazole; 
caspofungin

Cure None reported

4 Empirical 7.5 12 Fluconazole; 
micafungin

Death during 
stay

None reported

5 Cryptococcus 7.5 3 Flucytosine Cure None reported

6 Candida albicans 
and Mucor

10 4 Voriconazole; 
micafungin

Death during 
stay

↑ SCr (baseline 2.64 to 3.72 
mg/dL);
change in heart rhythm 

7 Invasive fungal 
sinusitis plus 
disseminated 
fungal infection

10 34 Posaconazole Cure ↑ SCr (baseline 0.69 to 2.12 
mg/dL);
decrease in K+ levels 
(baseline 3.7 to 2.6 mEq/L)a; 
change in heart rhythm 

8 Cryptococcus 7.53 1 Fluconazole Death after 
discharge

None reported

9 Aspergillus and 
Mucor

10 7 Fluconazole; 
voriconazole; 
micafungin

Death during 
stay

Change in heart rhythm

aReceived supplemental K+.
SCr, serum creatinine.

based on pre-determined criteria. A total of 11 manu-
scripts met inclusion criteria and were included in this 
review (Table 2).14–24 Of these, seven were case reports 
or case series, one was a retrospective evaluation, and 
three were prospective studies (1 pilot, one open label, 
one randomized controlled trial). A total of 260 patients, 
ranging from 8 to 69 years of age, were represented 
in the published literature. Most patients had an un-
derlying haematological malignancy, and many had 
previously received lower doses of amphotericin B or 
alternative antifungal therapies. Favourable response 
with high-dose therapy across all published literature 
ranged from 8% to 100%. In multi-patient reports, rates of 
nephrotoxicity, hepatotoxicity and hypokalaemia were 
higher in the high-dose groups.

Discussion
In the management of difficult-to-treat invasive mould 
or dimorphic fungal infections, high doses of liposomal 
amphotericin B were fairly well tolerated (did not require 

discontinuation or dose change) in published literature 
and in nine patients at our institution. Adverse effects 
predominantly included increases in serum creatinine 
throughout the course of therapy. If choosing to employ 
high-dose therapy, clinicians should follow best prac-
tices to monitor kidney function and changes in elec-
trolytes daily whilst on amphotericin B therapy. Although 
response and mortality rates in our case series were 
consistent with previously reported literature,14–24 the 
range of favourable responses in multi-patient studies 
(8–68%) is still dismally low.

Although high-dose liposomal amphotericin B was tol-
erated, studies suggest that there may be favourable 
alternatives or required concomitant therapies for diffi-
cult-to-treat infections. First, five reports included surgi-
cal resection of the affected location as a concomitant 
treatment, which has long been known to be the defin-
itive therapy for Mucorales.14,17,19,21,23,25 Of these, four cases 
reported successful treatment in five patients, but this 
high response rate is likely due to publication bias.14,17,21,23 
In the one multi-patient study, 71% of patients received 
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concomitant surgical therapy and overall mortality was 
21%.19 Five reports described combination therapy with 
azoles, echinocandins or topical therapies (e.g. am-
photericin irrigations) with varying success rates.17,18,21,22,23 
Beyond these, two of the included studies evaluated 
high-dose lipid formulation amphotericin versus com-
parators.15,22 Raad et al. retrospectively compared posa-
conazole salvage therapy for invasive aspergillosis to 
high-dose amphotericin monotherapy or combination 
with caspofungin.22 The group receiving posaconazole 
had markedly higher favourable response rates (com-
plete resolution of clinical, radiographic and microbiolo-
gy abnormalities, or significant improvement in response 
to therapy) and lower mortality. In the AmBiLoad trial, 
there was no difference in favourable overall response 
(complete or partial resolution of clinical, radiological 
and microbiological findings) in patients receiving a 
14-day load of 3 versus 10 mg/kg/day (50% versus 46%,  
respectively), and patients in the 10 mg/kg/day group ex-
perienced more nephrotoxicity (defined as an increase 
in serum creatinine to double baseline value; 14% versus 
31%, respectively).15 Of note, these studies were published 
in 2008 and 2007, respectively (Raad and colleagues et 
al.22 included patients presenting from 1994 to 2005), and 

clinical diagnosis and management of invasive fungal 
infections has changed substantially since then.

Conclusion
Given the small number of included patients in the 
published literature, the lack of direct comparators, 
underwhelming performance of high-dose liposomal 
amphotericin B in studies with direct comparators, and 
the incidence of adverse effects with higher doses and 
longer courses, it is unsurprising that clinical uptake 
in the use of high-dose liposomal amphotericin B has 
been slow. Despite this, we are seeing increasing use 
of higher doses at our institution in the last couple of 
years. We suspect that this is due to comorbidities or 
concomitant therapies that make alternative options 
(azoles, echinocandins, combination therapy) less de-
sirable (drug–drug interactions, prolonged QT intervals, 
drug intolerance or resistance). As a result, high-dose 
liposomal amphotericin B alone or in combination with 
other antifungal agents may be a feasible manage-
ment strategy for invasive fungal infections with limited 
treatment options.
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