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Introduction 

Over the past three decades, invasive fungal infections have been recognized as increasingly 
common causes of morbidity and mortality in medical practice. Because fungi are often 
opportunistic pathogens, the major factor which has resulted in this increased incidence of 
mycotic diseases is the rising frequency with which patients are immunocompromised either by 
their primary illness or by the therapies which have been introduced in their care. Salient 
examples of these predispositions include: 

• Cytotoxic cancer chemotherapy with resulting neutropenia 
• Immunosuppressive therapies for malignant and nonmalignant diseases, including to 

support transplantation of solid organs, bone marrow, or peripheral-blood stem cells. 
• Acquired immunodeficiency syndrome 
• Advances in general supportive care of very sick patients which necessitates the use of 

multiple invasive devices and procedures, prolonged hospitalization, and aggressive use 
of antibiotics which combine to predispose patients to fungal superinfection. 

The most common fungal pathogens with which we must deal as result of these factors are 
Candida albicans, non-albicans Candida, Aspergillus species, the zygomycetes, and 
Cryptococcus neoformans (1). There is also a growing list of more recently recognized 
opportunistic fungal pathogens including Fusarium species, Trichosporon beigelii, and 
Penicillium species among many others. The endemic mycoses in the United States such as 
histoplasmosis, blastomycosis, and coccidioidomycosis remain common in immunologically 
normal as well as compromised hosts and continue to be difficult to treat effectively. 

Historically, intravenous amphotericin B deoxycholate (AMBd) has been the gold standard for 
the treatment of invasive or systemic mycoses (2, 3). Despite its efficacy against a large variety 
of fungi, however, its use has been hampered by its toxicity, which has led to a search for 
effective but less problematic alternatives. The advent of the azole antifungals has been a major 
breakthrough, but these drugs have been disappointing because of their limited antimicrobial 
spectrum, pharmacologic peculiarities, fungistatic activity, and relative inefficacy compared to 
AMBd for many life-threatening infections. 

An alternative approach has been to try to modify AMB so as to expand its therapeutic index. In 
the 1970's, amphotericin B methyl ester (AME) was found to be less nephrotoxic than AMBd in 
animal studies and clinical trials. However, prolonged high dose therapy with AME was 
associated with leukoencephalopathy, so its further development was abandoned (3). 

The discovery that phospholipids dispersed in water would spontaneously form microscopic 
closed vesicles of water surrounded by a bilamellar phospholipid membrane, later called a 
"liposome," led to the findings that these liposomes could be used as a drug delivery system (1, 
4-6). Hydrophilic drugs, enzymes, and other substances could be carried in the aqueous center, 
and fat soluble or amphophilic drugs, including AMB, could be integrated into the lipid bilayer. 
Liposomes were intrinsically nontoxic and demonstrated unique pharmacological properties 
including avid uptake by the reticuloendothelial system and mononuclear phagocytes. 
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In the early 1980's, liposome-incorporated AMB was reported to be effective and less toxic than 
AMBd in animal models of leishmaniasis , cryptococcosis, and histoplasmosis (1 , 3, 4, 7-9). A 
modified liposomal AMB in multilamellar vesicles developed by Lopez-Berestein and 
colleagues was similarly efficacious and less toxic than AMBd in a neutropenic mouse model of 
candidiasis (10). Preliminary clinical studies of this liposomal AMB preparation in cancer 
patients suggested that it could be given safely at much higher doses than AMBd and controlled 
some invasive mycoses even if patients had failed therapy with AMBd (11-13 ). Although this 
liposomal AMB was never produced commercially, several other lipid formulations of AMB 
have been developed and brought to market by the pharmaceutical industry (Table 1). Because 
these commercial products are very expensive, various investigators have sought a cheaper 
alternative lipid formulation by combining AMBd with Intralipid®. 

Following a review of amphotericin B deoxycholate, this discussion will consider the chemistry, 
pharmacology, in vivo studies, and clinical experience for each of these lipid-based products in 
the management of fungal infections. Although these drugs also are efficacious for visceral 
leishmaniasis, this usage will not be covered. Guidance will be suggested to assist clinicians in 
their choice among and use of these drugs. 

Table 1. Commercially avai lable lipid formulations of Amphotericin B. 

I Drug Name I Abbreviation I TradeName I ManufactUJ·er I FDA S(!(!roval 
Amphotericin B ABLC Abelcet"" The Liposome Co, Inc, Princeton, NJ 11/95 

lipid complex 
Amphotericin B ABCD Amphotec"" Sequus Pharmaceuticals, Inc, Menlo Park, CA 11/96 

cholesteryl sulfate 
Liposomal L-AMB AmBisome"" Fujisawa USA, Inc, Deerfield, IL, and 8/97 

amphotericin B NeXstar Pharmaceuticals Inc Boulder CO 

Amphotericin B deoxycholate (AMBd, Fungizone®) 

Chemistry and mechanism of action 

I 

Amphotericin B is a cyclic macrolide polyene antibiotic purified in the 1950's from Streptomyces 
nodosus, an actinomycete found in soil. It is amphoteric (soluble and acidic or alkaline 
environments) but is insoluble in water. Its chemical structure (Figure 1) is a hydrophilic 
poly hydroxyl hydrocarbon chain on one axis facing a lipophilic polyene chain on the opposite 
side. Although poorly soluble, AMB can bind to lipids in cell membranes, which is thought to 
be its principal site of action both in its attack on fungal cells and also in its toxic effects on host 
cells (3, 4). 
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Figure 1. Molecular structure of amphotericin B 
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In order to render AMB soluble enough for therapeutic use, it is formulated with the bile salt 
deoxycholate (AMBd), which, when mixed in an aqueous medium, yields a micellar suspension 
from which free AMB dissociates to form a mixture of monomers, oligomers, and insoluble 
aggregates (4). 

AMB interacts with cell membrane sterols where it creates channels to alter permeability leading 
to ion leakage, cell dysfunction, and death (3, 4, 14). Once intercalated into a cell membrane, 
AMB also inhibits proton ATPase (fungi) or Na+;K+-ATPase (mammalian cells), which results in 
energy depletion. AMB also results in peroxidation of membrane lipids, which is thought to lead 
to fragility and cytolysis (4). 

The therapeutic index of AMB is thought to be due in part to its greater affinity for ergosterol in 
fungal cell membranes than for the cholesterol in mammalian cells (3 , 4). AMB also binds to 
serum lipoproteins, and its toxic effects may depend in part on its binding to low density 
lipoprotein (LDL) and internalization of AMB-LDL into host cells via high affinity LDL 
receptors (15). Conversely, binding of some lipid formulations of AMB to HDL may be 
cytoprotective for renal cells (15). 

AMB may also be immunostimulatory in vitro and in vivo in animal models, which may 
contribute to its antifungal effects. However, the results of studies are conflicting, and it is 
thought that these immunostimulatory effects are overridden by the dose-dependent cytotoxicity 
of AMB (4). Many of the infusion-related toxic effects of AMB in humans have been thought to 
result from AMB stimulating of secretion of a variety of cytokines. 

Spectrum of antifungal activity 

AMB is active in vitro and in vivo against a variety of clinically important fungi (Table 2). 
Natural or acquired resistance to AMB is associated with modified fungal membrane lipids or 
perhaps decreased susceptibility to oxidative injury (3). Laboratory testing for susceptibility to 
AMB is not well standardized and does not uniformly correlate with clinical outcomes. Clinical 
resistance is usually an intrinsic feature of the fungal isolate. Concomitant azole antifungal 
therapy (inhibition of ergosterol synthesis) may result in cross-resistance to AMBd, but this 
phenomenon has not yet been proven to be clinically important (3). Treatment of susceptible 
fungal infections with AMBd may fail also because of poor penetration of AMB into the site of 
the infection or because of severe immunosuppression. 
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Table 2. Spectrum of activity of Amphotericin B. 

I Activity I Pathogen I 
Suscept ibl e Candida albicans 

Candida (Torulopsis) glabrata 
Cryptococcus neoformans 
Blastomyces dermatitidis 
Histoplasma capsulatum 
Coccidioides immitis 
Sporothrix schenckii 
Penicillium mameffei 
Trichosporon beigelii 

Less Susceptible Non-albicans Candida species 

Variably Susceptible Aspergillus species 
Fusarium species 
Zygomycetes 
Pseudallescheria boydii 
Dematiaceous fungi 

Indications and dosage 

A complete discussion of AMBd usage is beyond the scope of this review but is available widely 
in the literature. Infections for which AMBd remains the most reliable standard for therapy 
include invasive candidiasis, cryptococcosis, aspergillosis, zygomycosis, fusariosis, and selected 
cases of blastomycosis, histoplasmosis, coccidioidomycosis, and sporotrichosis (3) . Despite its 
imperfect track record, AMBd is also the empirical antifungal therapy of choice in 
granulocytopenic patients with persistent fever despite antibacterial therapy. Treatment failures 
in many of these situations and the toxicity of AMBd have allied to fuel the ongoing search for 
more effective and less problematic formulations of AMB. 

Intravenous AMBd treatment is instituted in most invasive mycotic infections with the goal of 
achieving a daily target dose of 0.5-0. 7 mg/kg/d, although many infections respond to lower 
daily doses (0.3-0.4 mg/kg/d). Presumed or proven infection with Aspergillus, zygomycetes, and 
other relatively resistant fungi are usually treated with higher doses such as 1.0 mg/kg/d (3) 
although there is not a predictable dose-response relationship. Doses as high as 1.5 mg/kg/d of 
AMBd carry a prohibitive risk of toxicity. 

A small portion of the first dose of AMBd should be infused over 30-60 minutes as a "test dose" 
to detect the rare case of anaphylaxis, but if this is safely done, the entire first dose can then be 
infused continuously over 2-4 hours. AMBd may be infused in as little as 1 hour in patients 
without renal dysfunction, hypokalemia or arrhythmias who have tolerable infusion-related 
symptoms. Following establishment of an effective tolerated daily dose, that dose may be 
doubled and administered on alternate days . The duration of AMBd therapy is not established 
for any mycosis and varies with the severity of the disease and the response of the infection. 

Because AMBd is phlebitogenic, a central intravenous line or daily rotation of peripheral IV sites 
are useful strategies for long term therapy. This is not necessary with lipid formulations of 
AMB. AMBd is reconstituted only in 5% dextrose in water and should be administered through 
an IV line which is not shared during the infusion. 

AMBd therapy is often paired with other antifungal drugs such as flucytosine for certain mycoses 
because of a presumed synergistic benefit. Such combinations can, however, result in toxicities 
(3). For example, renal insufficiency resulting from AMBd will cause accumulation of 
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flu cytosine, which is excreted renally. Cytopenias and gastrointestinal toxicities of flucytosine 
are more frequent and severe when this occurs. AMBd is not usually combined with azole 
antifungal therapy because of concerns for pharmacodynamic antagonism of binding of AMB to 
ergosterol in fungal cell membranes (3). 

Pharmacokinetics of AMBd 

Following intravenous administration, AMBd dissociates in the plasma and is highly bound to 
lipoproteins, cholesterol, and erythrocyte membranes (4). Hemolysis and hyperkalemia may 
result from rapid infusions of AMBd. The nephrotoxic effects of AMBd may be enhanced by 
elevations of LDL cholesterol which is thought to facilitate the binding to and entry of AMB into 
host cel1s (16). It is less toxic when it is bound to HDL in plasma. 

Peak serum levels are low, but the late phase elimination tV2 is 15 days. AMB is distributed to 
liver, spleen, kidney, and lung, where levels can be measured for months. There is significant 
biliary excretion of AMB; levels can be detected in bile for up to 12 days following a dose of 
AMBd. CSF concentrations are virtually undetectable, and intrathecal administration of AMBd 
is occasionally. necessary for treating mycotic ventriculitis or meningitis. Although renal 
excretion accounts for only a small component of elimination of AMB, levels of AMB can de 
detected in urine for several weeks. Hemodialysis does not affect the pharmacokinetics of 
AMBd except in hyperlipidemic patients, whose AMB levels will be lower than expected. 
Measured AMB levels in serum or other fluids or tissues have not been predictive of clinical 
outcomes (3). 

Adverse effects of AMBd 

The well-known adverse affects of AMBd are distinguished as acute infusion-related effects or 
chronic toxicities . The infusion-related effects are thought to be mediated in part by TNF-a, IL-
6, IL-l, IL-l receptor antagonists, and PGE (17, 18). These acute effects include fever, rigors, 
nausea, vomiting, headache, and constitutional symptoms. They are occasionally severe enough 
to terminate therapy. When they occur, these symptoms often respond to or can be prevented by 
the use of acetaminophen, aspirin, ibuprofen, meperidine, or hydrocortisone. Infusion-related 
symptoms, if tolerated, tend to subside over the first several days' dosing. Occasionally 
hypothermia, hypertension, hypotension, bradycardia, or ventricular arrhythmias occur, and 
rarely a patient has anaphylaxis during AMBd infusion (3). Cyanotic Raynaud's phenomenon 
during AMBd infusion has been reported, which may be mediated by thromboxane A2 (19). 

Chronic toxicities of AMBd therapy are glomerular or tubular nephrotoxicities and cytopenias, 
especially anemia. AMB effects on renal tubules result in changes in ion flux which, by a 
tubuloglomerular feedback mechanism may result in decreased glomerular filtration. These 
effects may be ameliorated by saline loading prior to the AMBd infusion. Other mechanisms of 
AMB nephrotoxicity have also been postulated (3, 4). 

Azotemia is a common complication of AMBd therapy and usually reverts to normal within 
several months of cessation of AMBd, but after large cumulative doses, renal damage may be 
permanent. If possible, coincident treatment with other nephrotoxic drugs and diuretics should 
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be avoided. Tubular toxicity is usually manifested by hypokalemia, hypomagnesemia, and renal 
tubular acidosis. Ion supplementation and potassium-sparing diuretics are commonly used in the 
management of these problems. 

AMBd therapy suppresses erythropoietin synthesis, which predictably results in a normochromic 
normocytic anemia over several weeks of treatment. Other cytopenias also occasionally occur, 
but these, too, are reversible after cessation of AMBd treatment. 

Lipid Formulations of Amphotericin B 

The therapeutic index of AMB might be improved by several strategies which include (a) 
increasing the selectivity of AMB for fungal cells rather than host cells, (b) decreasing the 
toxicity of AMB for host cells, especially those with LDL receptors, and (c) suppressing the 
toxicity of AMB for host immune cells, thereby optimizing the immunostimulatory effects of 
AMB ( 4 ). Lipid carrier systems for AMB have provided approaches to each of these strategies. 

Incorporation of AMB into lipid carriers diminishes the toxicity of AMB for mammalian cells 
while preserving the in vitro antifungal properties of AMB (20, 21), thereby enhancing the 
selectivity of AMB effects for fungal cells. This property has been attributed to stability of the 
AMB-lipid carrier bond in the circulation ( 4, 22), the prolonged bloodstream circulation of some 
lipid-associated AMB formulations (liposomal AMB=L-AMB=Ambisome®) ( 4, 21, 23), the 
liberation of AMB from the lipid carrier by host or fungal phospholipases at the site of infection 
(amphotericin B lipid complex= ABLC=Abelcet®) ( 4, 24), and the differential affinity of fungal 
cell wall ergosterol for AMB (3, 4). 

Binding of lipid-AMB to HDL (5, 15) or the uptake of lipid-AMB into circulating mononuclear 
phagocytes (4, 6, 15, 25, 26) may also diminish or delay the exposure of renal and other cells 
susceptible to toxic effects of AMB. Another hypothesis to explain the increased therapeutic 
index of lipid-associated AMB is founded on the premise that only free (non bound) aggregates 
of AMB damage host cells. Such aggregates promptly form when AMB dissociates from AMBd 
in vitro, but dissociation of aggregates of AMB from lipid carriers is negligible. Monomeric 
AMB liberated from lipid carriers retains selective antifungal effects in vitro ( 4 ). 

Several lines of evidence suggest that lipid-associated AMB is less toxic than AMBd to cells of 
the immune system (4). Lipid preparations of AMB are taken up by macrophages and 
monocytes, where gradual dissociation of monomeric AMB may inhibit intracellular fungi or be 
liberated from the cell to inhibit extracellular fungi (Figure 2). These mononuclear phagocytes 
may also serve to transport AMB to sites of fungal infection ( 4, 25). 
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Figure 2. Model of uptake of lipid-complexed amphotericin B by macrophages followed by dissociation and release 
of monomeric amphotericin B (from reference 4) 

Lipid formulations take advantage of the binding of AMB to phospholipids, but there is no 
unique bond, and the chemical nature of different lipid formulations depends of the 
phospholipid(s) used, the molar ratio of those lipids, the ratio of AMB to lipid, and other factors. 
The resulting structures may be multilarnellar vesicles, small unilamellar vesicles (true 
liposomes), disc-like structures, or ribbon-like formations. The Lopez-Berestein preparation 
described earlier was a mixture of multilamellar vesicles and ribbon-like particles. _Several of 
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the lipid-AMB structures have yielded products which have ultimately been marketed in the O.S. 
and elsewhere (Table 1). They share an enhanced therapeutic index compared to AMBd, 
allowing higher doses of AMB to be delivered safely. 

The pharmacokinetics and tissue levels of the different lipid-associated AMB products vary 
considerably with different physicochemical properties of the lipid carrier-AMB complex, 
including the phospholipid composition, the particle size of the complex, its lamellar rigidity, 
and the net surface charge ( 4, 6, 26). Large particles such as ABLC clear more rapidly from the 
blood (27, 28) than small structures like L-AMB, and negatively charged liposomes clear more 
rapidly than neutral or positively charged structures (4, 6). Cholesterol in the lamellae stabilizes 
the bilayer and results in slower clearance from the circulation (26) (Table 3). 

Table 3 Chemical and pharmacokinetic traits of lipid formulations of amphotericin B 

I Trait I AMBd' I ABLC' I ABCD' I L-AMB' 
Structure Micelle Ribbonlike, sheetlike Disklike Small unilamellar vesicle 

(liposome) 
Particle Size (nm) <25 500-11,000 100-140 80-90 
AMB(mol%J 34 35-50 50 10 
Lipids Deoxycholate DMPC,DMPG Cholesteryl sulfate Hydrogenated soy 

(7:3 molar ratio) phosphatidylcholinc, 
cholesterol, distearoyl-
phosphatidylglycerol, alpha 
tocopherol 

Mean Cmax' 1-3 Decreased Decreased Increased 
(~g/mL) 

AUC 8.6 Decreased Similar Increased 
(~g-h/mL) 

Vd' 
<.< (1/kg) 

4 Similar Increased Decreased 

Tissue concentration·' 
( ~tg/gm) 
Liver 93 Increased Increased Increased 
Spleen 59 Increased ... Increased 
Lungs 13 Increased Similar Similar 
Kidneys 19 Similar Similar Similar 
Brain .. . 1.6 ... 0.56 

AMBd = amphotericin B deoxycholate (Fungizonc"'); ABLC- amphotericin B lipid complex (Abelcet"' ; ABCD = amphotericin B 
colloida l dispersion (Amphotec~; L-AMB= liposomal amphotericin B (AmBisomc~. 
Cmax =maximum drug concentration in serum. AUC =area under the plasma drug concentration-time curve. 
Vd~, =steady state volume of distribution. "Decreased," "simi lar," and "increased" in comparison to amphotericin B deoxycholate. 
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All of the lipid formulations are considerably more expensive than AMBd, and with the paucity 
of clinical studies demonstrating clear outcome benefits from the use of these new products 
compared to AMBd, the balance of expense versus diminished toxicity has thus far governed the 
gradual acceptance of these drugs into clinical practice (3, 9, 29). 

Animal Studies 

The efficacies of the different lipid-based AMB formulations in animal models of fungal 
infections vary depending on the mycosis under consideration and the dosing compared to 
AMBd. On a milligram-for-milligram basis, AMBd has often surpassed the lipid formulations 
for efficacy in these models, but the nearly uniform increases in tolerated doses has allowed for 
greater dose-ranging with the lipid formulations. This therapeutic index has not, however, 
necessarily resulted in improved outcomes ( 4, 8, 26) (Table 4). 

The disappointing results of efficacy studies in animal models may be attributable to the 
thermodynamic stability of the lipid formulations and the small amount of free AMB that 
dissociates from the lipid carrier (22). This property of lipid-based preparations may be a 
disadvantage in severe infections, especially with relatively resistant fungi, in certain species of 
animals tested only in short-term studies (4, 30-32). 

Table 4. Efficacy of lipid formulations of amphote ricin Bin animal studies of invasive mycoses. Outcomes are compared to those with AMBd 
(adapted from references 4 and 8) ' 

Lipid-AMU formulation (animal 

Infection ABLC ABCD' L-AMB' 

Aspergillosis Better (mice) Worse (rabbits) Worse (rabbits) 
Candidiasis Worse (rabbits) Similar (mice) Worse (mice) 

Similar' (mice) · 
Cryptococcosis Worse/Similar (mice rabbits) Better/Similar (mice) Better/Similar (mice) 
Histoplasmosis Similar(mice) 
Blastomycosis Worse (mice) Worse (mice) 
Coccidioidomycosis Worse/Similar (m ice) Worse (mice) 

. . .. 
ABLC = amphotenc1n B lipid complex; ABCD = amphote 11ctn B collOidal d1sperswn; L-AMB= hposomal amphotenctn B. 

A single published study has compared all three lipid-based AMB formulations with AMBd in a 
unified fashion. Systemic murine cryptococcosis was treated with either AMBd dosed at 1 
mg/kg or the lipid-based drugs dose-ranged up to 10 mg/kg, given three times per week. None of 
the mice was rendered culture-negative, but all of the lipid formulations were superior to AMBd 
in prolonging survival. The comparative rank order of efficacies was ABCD = L-AMB>ABLC 
>AMBd (30). 

Clinical Studies: Efficacy, Toxicity, and Indications 

It should be recalled that these drugs were developed to improve the therapeutic index of AMB 
so that higher doses of AMB could be given with less toxicity than AMBd and, with luck, 
equivalent or improved efficacy. There are several limitations of most of the clinical literature 
on lipid formulations of AMB (9, 26): 
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• Many of the studies are open, noncomparative trials. 
• The criteria for diagnosis, evaluability, and response to therapy are often vague, imprecise, 

inconsistent, and subjective. Many diagnoses are presumptive, and mycological proof of 
response is usually lacking. 

• There is selection bias which includes fungal infections which may resolve in some cases 
without antifungal therapy (e.g., IV line-related candidemia) or on the other hand severe 
cases which failed AMBd therapy. 

• Doses of AMBd and lipid formulations vary among studies. 
• Multiple variables, especially the severity of underlying disease and complexity of coincident 

drug therapies confound the analysis of efficacy, toxicity, and outcomes. 

• Long-term outcome data are virtually nonexistent. 
• There are no human studies which directly, prospectively, or randomly compare the lipid 

AMB formulations to each other for efficacy or toxicity. 

Amphotericin B Lipid Complex (ABLC, Abelcet®) 

ABLC was created by combining dimyristoyl phosphatidylcholine (DMPC) and dirnyristoyl 
phosphatidylglycerol (DMPG) in a molar ratio of 7:3 with an increasing mol% AMB. This 
preparation was ultimately brought to the U.S. market as Abelcet® in late 1995. 

The putative structure of ABLC is that of a 1:1 interdigitated complex, units of which associate 
with each other to form the ribbons or sheets seen by freeze-etch microscopy (Figure 3). The 
ribbons of ABLC are relatively large and vary in size from 500-ll,OOOnm. 

Top. view 
of single complex 

Side view 

Amphotericin 8 

Membrane of associated complexes 

Figure 3. Amphotericin B lipid complex. Left panel: scanning electron micrograph showing ribbon-like structures. 
Right panel: conceptual structure of single and associated ABLC complexes. 

ABLC concentrations in serum are proportionately lower than those achieved by AMBd, even in 
some instances when the ABLC dose is as much as five times higher (18) (Table 3). Although 
the high tissue levels achieved with ABLC may be theoretically beneficial for treatment of fungal 
infections in those organs, the antifungal effects of intracellular ABLC have not been measured. 
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Efficacy of ABLC 

Most of the published studies on the efficacy of ABLC are compilations of patients who were 
treated in uncontrolled, open label compassionate access trials in the U.S. and Europe. In several 
published series there appears to be an overlap of some groups of patients reported in different 
papers using data supplied by the manufacturer, although this inference cannot be confirmed 
from the Methods sections of these papers. Other series report relatively small numbers of cases, 
and there are several individual case reports. Until recently, many of the data were published 
only in abstract form in the proceedings of scientific meetings and not readily accessible for 
review. A MEDLINE search covering 1996-1999 yielded six published series from 
compas'sionate use of ABLC and two comparative trials. Together these series describe the use 
ABLC in approximately 1000 patients. 

Lister published the results of ABLC treatment of 228 cases of invasive mycoses in North 
America under an open-label, multicenter, non-comparative emergency release protocol, using 
data apparently supplied by the manufacturer (33). All patients had either to have failed previous 
antifungal therapy (half of the patients), have unacceptable AMBd toxicity, underlying renal 
disease, or nephrotoxicity from other drugs. Underlying diseases included leukemia, AIDS, solid 
malignancies, and organ transplantation. Infections were evenly divided among candidiasis, 
aspergillosis (presumed or proven), and a group of various other mycoses. Of 183 evaluable 
cases, 69% were cured or improved, and mycological cure was documented in 55% overall. 
Subgroup analysis indicated that candidiasis responded better than aspergillosis (78% vs 60%, 
respectively). Similar clinical and mycological responses were seen in cryptococcosis, 
zygomycosis, and fusariosis (33). 

A separate multicenter series was published, again as a component of the emergency-use 
program, which reviewed the experience of ABLC use in bone marrow transplant patients with 
presumed or proven fungal-infections (34). Eligibility criteria and ABLC dosing (5 mglkgld) 
were identical to the Lister study. Only 59 of the 95 enrolled patients were evaluable for 
efficacy, but of these, 53% were clinically cured or improved, and mycological cure was found in 
50%. Among patients whose mycoses had been unresponsive to AMBd as the criterion for entry, 
4 7% responded to ABLC. Outcomes of ABLC therapy were worst with aspergillosis (38% 
response) and among patients with neutropenia and allogeneic transplant (34). 

In another open-label emergency-use program, Mehta, et al, used ABLC (5 mglkg/d) to treat 
proven (n=16) or presumed (n=52) fungal infections in 64 patients with hematologic 
malignancies, half of whom had undergone bone marrow transplantation (35). Presumed 
mycosis consisted of febrile neutropenia or coarse pulmonary infiltrates without another 
diagnosis or without a response to antibiotic therapy. Nearly half of the patients had failed 
AMBd or fluconazole empiric therapy. The overall response rate was 66%. Of 14 proven 
mycoses evaluable for efficacy, 10 responded completely or partially (71 %), including 5 of 7 
with aspergillus pneumonia (35). 

Clark, et al, compared their experience with ABLC and L-AMB (AmBisome®) in a single 
oncology center from 1992 to 1997 (36). L-AMB was used from 1992-1995 (n=32) until ABLC 
(n=36) was substituted because of its lower cost. Almost all patients had a hematological 
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malignancy, and 57 had undergone bone marrow transplantation. A trend toward better rates of 
response to ABLC both overall and by subgroups was seen, but there was no statistically 
significant difference (36). 

Two other smaller studies of open-label ABLC treatment in pediatric cancer patients (37) and in 
liver transplant recipients (38) suggested efficacy of ABLC in hepatosplenic candidiasis and 
other invasive mycoses. A small cohort of patients with C.glabrata infection did not do well on 
ABLC therapy (38). 

The largest single series of patients treated with ABLC published to date is that of Walsh, et al 
(39). This study is a compilation of the open-label emergency-use protocol of the manufacturer 
and appears to be a later and larger recapitulation of the previous analysis by Lister reviewed 
above. A total of 556 patients were enrolled between 1990 and 1995. Eligibility criteria were 
nearly identical, but the ABLC dosing guidelines were somewhat more flexible (target dose 5.0 
mg/kg/d) in the later study. Patients could have presumed or proven fungal infection but had to 
have failed AMBd (half of the patients) or other antifungal therapy, developed nephrotoxicity or 
other AMBd toxicity (one-third of the patients), or have baseline renal insufficiency. Underlying 
diseases included hematologic malignancy (27% ), bone marrow transplant (26%) solid organ 
transplant (19% ), AIDS, and solid tumors. Only 291 cases (52%) were evaluable for efficacy 
and included aspergillosis (n=130), candidiasis (n=91), zygomycosis (n=24), fusariosis (n=ll), 
cryptococcosis (n=ll), and several other mycoses. Complete or partial responses to ABLC 
occurred in 57.4% overall (25 % complete, 32% partial). Among filamentous fungal infections, 
responses were found in 42% of cases of aspergillosis, 71% of zygomycosis, and 82% of 
fusariosis. Response rates for yeast infections included 71% for candidiasis and 64% for 
cryptococcosis. Overall, response rates to ABLC were worse in those patients enrolled because 
of AMBd failure (52%) rather than AMBd toxicity or renal insufficiency (64% ), which 
resembled the results of Wingard (34 ). Patients with AIDS had worse response rates than all 
other underlying diseases (39). 

Finally, a single randomized comparative study assigned 55 AIDS patients with first episode 
cryptococcal meningitis to receive 6 weeks therapy with either AMBd (0.7-1.2 mg/kg/d) or one 
of three sequential cohorts of ascending doses of ABLC (1.2-5.0 mg/kg/d) (40). Significantly 
more patients assigned to re~eive ABLC had baseline features which predict treatment failure. 
Although the treatment groups were insufficiently powered to detect significant differences in 
efficacy, ABLC had clinical and microbiological activity even at the lowest dose. At a dose of 5 
mg/kg/d, ABLC seemed superior to AMBd (clinical success rate 86% vs 65% ), although 
mycological cures were achieved in only 42% vs 50% for AMBd (40). 

Toxicity of ABLC 

Extensive experience with ABLC therapy in a number of published controlled and uncontrolled 
studies attest to the diminished toxicity of ABLC relative to AMBd (18, 26, 33-36, 39-41). With 
the exception of the randomized Sharkey study ( 40) and one study in abstract ( 42), all of these 
studies have been non-comparative open-label emergency-use protocols, but many patients had 
gained entry because of preexisting nephrotoxicity from AMBd or other drugs or else intolerable 
infusion-related AMBd toxicity. Because results have been consistent, this review will 
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summarize the findings of only the largest published open-label study (39) and the only 
published comparative trial ( 40). 

The study by Walsh, eta!, discussed above, evaluated 556 cases of emergency ABLC use for 
invasive mycoses in patients with refractory infection or intolerance of AMBd (39). Overall, 
there was a gradual reduction in mean serum creatinine level over the course of therapy. In a 
subset of 162 patients with baseline Cr ~2.5 mg/dL, the mean Cr levels decreased significantly 
over the entire course of therapy (Figure 4). However, 132 patients (24%) experienced an 
increase in Cr (> 1.5 mg/dL or 20% increase if baseline Cr > 1.5 mg/dL) over the course of ABLC 
treatment (39) . 
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Figure.4. Changes in mean serum creatinine levels during treatment with amphotericin B lipid complex in 555 
cases of fungal infection (reference 39). 

Hypokalemia ( <3 mEq/L) developed in 4.6% and hypomagnesemia ( <1.5 mEq!L) in 18%. 
Hyperbilirubinemia occurred in 8% and elevation of ALT level in 25% of patients with initially 
normal values, but the cause of this may be multifactorial. Although there was no formal 
assessment of acute infusion-related toxicities, ABLC therapy was discontinued because of 
adverse events in 10% of evaluable patients (39). · 

Sharkey, et al, randomized AIDS patients with cryptococcal meningitis to receive either AMBd 
or ABLC ( 40). Acute infusion-related events were equally common in both groups but 
decreased after the first dose. Adverse events were considered severe in 34% of ABLC 
recipients and 29% of AMBd patients, but none resulted in discontinuation of therapy. 
Nephrotoxicity was significantly less frequent in the ABLC cohorts, including the highest dose, 
compared to AMBd. Transfusion requirements were also significantly less for patients receiving 
ABLC. Hypokalemia and hypomagnesemia occurred in similar percentages of each treatment 
cohort ( 40). 

In contrast to these studies, one group reported a surprisingly high rate of ABLC toxicity which 
led to discontinuation of ABLC in 14/19 patients ( 43). Treatment-limiting adverse events 
included nephrotoxicity, hyperbilimbinemia, rash, fever/chills, vomiting, hypoxemia, and 
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hemolysis ( 43). Barcia reported acute hyperkalemia with fatal cardiac arrest during rapid 
infusion of ABLC in a child ( 44). Garnacho-Montero, et al, reported life-threatening hypoxemia, 
tachycardia, and fever during ABLC infusion in a patient who was previously tolerating AMBd 
without such effects ( 45). Other case reports later cautioned about potentially serious events 
following a switch from one AMB formulation to another ( 46-48). 

Indications and Use 

ABLC is FDA-approved for treating invasive fungal infections in patients who are refractory to 
or intolerant of conventional AMBd therapy. Intolerance of AMBd is usually judged by 
nephrotoxicity (serum Cr >2.5 mgldL) (49). The recommended daily dose is 5 mglkg 
intravenously in a single infusion given over 2 hours. No test dose is recommended by the 
manufacturer, but infusing a small portion of the first dose slowly over the first 15-30 minutes 
may be prudent to detect the rare anaphylactic reaction. A peripheral intravenous line may be 
used, but ABLC should not be mixed with other fluids or drugs during the infusion. An in-line 
filter should not be used (50). 

Amphotericin B Colloidal Dispersion (ABCD, Amphotec~ 

The formulation of ABCD derives from a stable colloidal complex that occurs between AMB 
and cholesteryl sulfate mixed in a molar ratio of 1:1 to form rigid and tightly packed bilayers. 
These complexes do not form a closed vesicle but instead thin discs with a uniform diameter of 

~~~~140 nm and a thickness of 4 nm (4, 6, 9) (Figure 5). ABCD was approv] FDA in lato 
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Figure 5. Amphotericin B colloidal dispersion. Left panel: scanning electron micrograph illustrating disc-like 
structures. Right panel:· putative structure of discs of ABCD (reference 6) 

14 



, 

Although the in vitro antifungal activity of ABCD and AMBd are generally similar, ABCD may 
be less active against some strains of C.glabrata and Aspergillus (51). ABCD peak serum 
concentrations in humans are lower than AMBd, but the AUC is similar (Table 3). ABCD is 
found in high concentration in the liver, but concentrations in the kidney are somewhat less than 
those of AMBd (3, 51, 52). 

Efficacy of ABCD 

As was found in the review of clinical efficacy of ABLC, the clinical literature on ABCD is a 
mixed bag of case reports, uncontrolled open-label compassionate-use protocols, one comparison 
of ABCD with AMBd historical controls, and one prospective randomized comparative study. 
Clearly some authors had access to the data from the same pool of patients enrolled under the 
manufacturer's emergency-use program and published their analyses of subsets of these patients. 
Of the over 500 patients treated among these studies, a substantial percentage of patients were 
not fully evaluable for efficacy because of lack of documentation of the infection or its 
eradication (26), or early death. Success rates were thus based largely on abatement of clinical 
symptoms and signs among patients who survived the first several days of ABCD treatment. 

The first large study of ABCD consisted of 97 infections in patients who had failed or were 
intolerant of AMBd (53). One-third of these cases were of presumed or proven aspergillosis. 
Among the Aspergillus infections, complete responses (5/32, 16%) and improvement (6/32, 
19%) suggested therapeutic possibilities for ABCD. Candida infections were more often 
responsive to ABCD ( 48% complete, 9% partial). Less than half of a small cohort of cases of 
cryptococcosis responded partially, but none completely (53). 

Bowden, et al, performed a phase I dose escalation trial of ABCD in 75 bone marrow transplant 
patients (54). Entry criteria changed over the course of the study, but all patients had to have Cr 
<2.0 mg/dL at entry. Most patients received concomitant fluconazole prophylaxis, and 
pretreatment with AMBd was common. Mycoses included fungemia in 41% (mostly Candida 
sp ), visceral candidiasis, and pneumonia in 36% (mostly thought to be Aspergillus). The overall 
complete and partial response rate was 52% with no apparent dose-response relationship using 
ABCD doses up to 8 rug/kg/d. Patients with candidemia (55% complete response) fared better 
than those with presumed fungal pneumonia (37% complete, 15% partial response) (54). 

Anaissie, et al, published a multicenter open-label safety and efficacy study of ABCD in 133 
immunocompromised patients with renal impairment (Cr >2.0 mg/dL) (55). The case mix was 
similar to the previous studies. Of the 58 ( 44%) patients evaluable for efficacy, 67% had 
complete or partial response regardless of whether they had previously received AMBd. 
Complete (n=3) or partial (n=7) responses were seen in 16 patients with Aspergillus infections. 
The lowest overall response rate (27%) was among bone marrow transplant patients (55). 

Deep Candida infection was the focus of two uncontrolled studies. Beovic, et al, described 
successful ABCD treatment in 7 of 9 patients with Candida cultured from blood or other 
normally sterile sites (56). In only one of these patients was hematologic malignancy, the 
underlying disease. Noskin, et al (57), retrospectively reviewed the manufacturer's data on 148 
patients with candidemia gleaned from five open-label trials of ABCD, including those in the 
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Oppenheim study (53). Only 88 of these patients who received at least four doses of ABCD 
were considered evaluable for efficacy. Candidemia (positive blood culture) and disseminated 
candidemia (culture of blood plus another normally sterile site) were analyzed separately. The 
median daily dose of ABCD was 3.9 mglkg and the median duration of therapy 12 days. The 
overall response rate of candidemia (n=67) was 66%, but only 3 of 21 (14%) patients with 
disseminated disease responded to ABCD. C.krusei and C.glabrata infections responded poorly 
or not at all, and neutropenic patients usually failed ABCD treatment. The overall mortality rate 
among all patients was 60%, but only 10% of the deaths were attributed to Candida infection, 
which attests to the severity of these patients' underlying diseases (57). 

To assess the value of ABCD in the treatment of Aspergillus infections, White, et al (58), 
apparently accessed the manufacturer's pool of case report forms on patients with proven or 
probable aspergillosis from the same five open-label trials that were available to Noskin, et al 
(57). Of 198 patients treated for aspergillosis, 82 received ABCD for~ 7 days and were 
considered evaluable for efficacy and safety. These cases were compared retrospectively to 261 
cases previously treated only with AMBd at six U.S. cancer and transplant institutions. Most of 
the ABCD recipients had already been treated with AMBd. The AMBd historical group was .. 
older (p=.03) and had a greater proportion of neutropenic patients (P<.001), but had less renal 
dysfunction at baseline (8.7% vs 40.7%, P<.001) than the ABCD group. Persistent neutropenia 
was half as frequent among ABCD recipients (27%) than AMBd patients (49%). Overall, 48.8% 
of ABCD recipients had complete (12.2%) or partial (36.6%) response, compared to 23.4% 
among AMBd recipients (P<.001). The survival rate for ABCD-treated patients (50%) compared 
to 28.4% among AMBd recipients (P<.001). Kaplan-Meier survival analysis showed that ABCD 
treatment was also associated with more prolonged survival (Figure 6). 
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Figure 6. Survival of evaluable patients treated with AMBd (----)or ABCD (- )for invasive aspergillosis 
(reference 58). 

These results, within the limits of a retrospective study with many acknowledged biases, 
suggested that ABCD was at least comparably efficacious with AMBd in treating Aspergillus 
infections in compromised hosts (58) and were the basis for its FDA approval. 

The most recent large study was a prospective randomized, double-blind, multicenter trial of 
ABCD vs AMBd for empirical treatment of febrile neutropenia (59). Patients were excluded 
because of renal or hepatic impairment, life expectancy <14 days, or use of macrophage CSF. 
Enrolled patients were stratified by age and concurrent use of cyclosporine or tacrolimus. 
Antifungal drug therapy was continued for a maximum of 14 days. Of 213 patients enrolled, 193 
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were evaluable for efficacy. A successful response occurred in 50% of ABCD recipients and 
43% of AMBd recipients (P=.31). Neither was there a significant difference in the median 
number of days to defervescence or the occurrence of sustained defervescence (59). 

ABCD therapy has also been effective in treating rhinocerebral mucormycosis (60), usually in 
combination with surgical debridement. Despite its comparatively superior efficacy to other 
AMB preparations in a controlled study of murine cryptococcosis (30), ABCD has yet to be 
tested in a large number of humans with cryptococcal disease. 

Toxicity of ABCD 

The adverse effect profile of ABCD has been studied in five phase 1/II trials (52-55) which are 
compiled and described by Herbrecht (61). The same five studies were the sources of data on 
certain subsets of patients published separately (57, 58) and discussed above under Efficacy. 
These boutique studies will not be separately reviewed regarding toxicity. 

Herbrecht analyzed the safety data from 572 patients treated with open-label ABCD in five early 
premarketing trials using case reports from the manufacturer (61). These trials included patients 
intolerant of AMBd, 193 (34%) of whom had AMBd-related nephrotoxicity. Another 140 (25%) 
patients had preexisting renal insufficiency from other causes. Adverse events attributable to 
ABCD occurred in 74% of patients, and ABCD was discontinued as a result these events in 70 
(12.2%) of patients. Chills (50%) and fever (33%) were the most common acute infusion-related 
events, and ABCD was discontinued because of these in 5.4% of patients. Severe infusion
related events were more common at doses >4 mglkg/d and occurred in all patients who received 
8 mg/kg/d, but they tended to subside after the first dose and with premedications. Overall, the 
mean serum creatinine level for the study population did not change as a result of ABCD 
treatment, but 3.3% of patients had ABCD discontinued because of a rising creatinine level. 
Hypokalemia, thrombocytopenia, hypotension, tachycardia, or hypoxemia occurred infrequently. 
Liver enzymes remained unchanged overall, and only 2.5% of patients developed anemia 

attributed to ABCD (61). 

In their randomized trial comparing ABCD to AMBd for empiric treatment of fever and 
neutropenia, White, et al , stratified 213 enrolled patients by age and by concurrent use of 
cyclosporine or tacrolimus (59). Over 90% of patients in both treatment arms had infusion
related toxicities. These effects were more common with ABCD treatment, and ABCD 
recipients were given premedications more frequently and for a longer duration than AMBd
treated patients. However, regardless of receipt of cyclosporine or other nephrotoxins, all 
subgroups had renal toxicity resulting from AMBd more than twice as frequently and severely as 
with ABCD (P<0.001). Moreover, nephrotoxic effects of ABCD were significantly delayed in 
appearance compared with AMBd. Hypokalemia was also less frequent and severe with ABCD 
treatment. Sixteen patients (13 with ABCD and 3 with AMBd) had acute hypoxemia attributed 
to the antifungal drug. Hypoxemia occurred acutely during the infusion and resolved 
spontaneously but was the cause of discontinuation of ABCD in 5 patients (59). 

There are two case reports of patients who suffered severe infusion-related events following 
substitution of ABCD for previously well tolerated treatment with ABLC ( 46, 4 7). 
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Indications and Use 

ABCD is FDA-approved only for treatment of invasive aspergillosis for patients in whom 
intolerance or failure of AMBd therapy has occurred or in whom renal impairment precludes 
effective AMBd dosing. It is not approved for empiric treatment of febrile neutropenic patients 
and is not yet specifically indicated for the treatment of any other mycosis (52). 

The recommended dose of ABCD is 3-4 mg/kg once daily by intravenous infusion without an in
line filter. The dose may be increased up to 6 mg/kg/d if necessary. Because of the high 
frequency of infusion-related adverse events, a test dose such as an infusion of 10 mL of the first 
dose over 15-30 minutes is advised. Premedication before the first dose may also be prudent, 
and the infusion time for a full dose should be at a rate of 1 mglkg/hour. A peripheral 
intravenous line may be used, but as with all formulations of AMB, ABCD should not be mixed 
with or infused in the same line simultaneously with any other drugs. ABCD should not be 
substituted for other lipid AMB formulations without caution. 

Liposomal Amphotericin B (L-AMB, AmBisome~ 

L-AMB is a true liposome vesicle formulation in which AMB is intercalated into the liposomal 
membrane composed of hydrogenated soy phosphatidylcholine, cholesterol, 
distearoylphosphatidylglycerol, and alpha tocopherol. It has been marketed in the U.S. as 
AmBisome® since its FDA approval in 1997. Structurally, L-AMB is a small unilamellar 
liposome. Particles of L-AMB are spherical with a relatively uniform diameter of less than 100 
nrn (Figure 7). 

Figure 7. Liposomal amphotericin B. Scanning electron micrograph of freeze-fracture preparation. 

Serum levels and AUC of L-AMB are increased compared with AMBd as a result of not only a 
much smaller volume of distribution for L-AMB but also the slower clearance of L-AMB from 
the circulation (62). Tissue AMB levels in liver and spleen are higher after administration of L
AMB than after AMBd (3, 23, 26) (Table 3). 

Efficacy of L-AMB 

L-AMB has been evaluated in clinical studies much more extensively than ABLC or ABCD. 
Together the numerous uncontrolled and controlled studies have involved nearly 2000 patients 

18 



with a variety of suspected or proven fungal infections. Overall, less than one third of the 
patients in this motley group of studies had proven fungal infections (26). 

Eight noncomparative studies of empirical L-AMB treatment in immunocompromised patients 
were reviewed by Coukell and Brogden (23). Enrolled patients were a heterogeneous population 
whose most frequent risk factor for infection was neutropenia resulting from treatment of 
hematologic or solid malignancies, bone marrow transplantation, or organ transplantation. 
Generally, these patients had failed or been intolerant of AMBd therapy. Clinical response, as 
judged by resolution or improvement in clinical symptoms and signs, was the outcome in 50-
87% of evaluable patients. In the two largest of these uncontrolled studies (63, 64) which 
together included 232 evaluable patients, treatment with L-AMB produced clinical cures in 60% 
of patients, and an additional 20% (63) improved with this treatment. Most patients who died 
had persistent Aspergillus or Candida infection ( 64 ). 

There are now two published randomized trials comparing L-AMB to AMBd for the treatment of 
febrile neutropenia without a documented fungal infection at enrollment. Prentice et al, 
randomized 134 adults and 204 children in parallel trials to receive either AMBd 1 mglkgld or 
L-AMB at either a low dose (1 mglkgld) or a high dose (3 mglkgld) (65). Antifungal therapy 
was successful (resolution of fever) in 49% of the group treated with AMBd compared to 58% 
for low dose L-AMB and 64% for high dose L-AMB. In patients whose neutropenia persisted, 
high dose L-AMB was significantly more efficacious than AMBd (61% vs 32%, respectively, 
P=0.03). Analysis of time to defervescence of fever showed no differences among these cohorts. 
Long-term survival was not assessed (65). 

The second and larger comparative study of empirical treatment of fever and neutropenia 
reported on 687 evaluable patients with malignancies or bone marrow or peripheral-blood stem
cell transplantation (66). Patients were ineligible if they had proven invasive fungal infection at 
the time of enrollment, and fever had to have persisted despite ~5 days of empirical antibacterial 
therapy. In this multicenter randomized double-blind study, patients were stratified to high or 
low risk groups and were randomized 1:1 to receive either L-AMB 3.0 mglkgld or AMBd 0.6 
mglkgld. Doses could later be increased or decreased at the judgement of individual 
investigators. Success was defined prospectively as a composite of five criteria which included 
survival ~ 7 days, resolution of fever, resolution of proven fungal infection, absence of 
breakthrough fungal infections, and absence of premature discontinuation of the study drug. The 
overall success rate was 50% for the group of patients who received L-AMB and 49% for the 
AMBd group. Subgroup analyses according to risk group, child or adult, or other modifiers also 
showed the results with both drugs to be similar. Significantly fewer breakthrough fungal 
infections occurred in the L-AMB group (3.2%) than in the AMBd group (7.8%, P=0.009). 
There was also a trend toward a higher short-term survival rate among L-AMB recipients, but 
long-term survival was not analyzed (66). 

A smaller randomized trial comparing L-AMB and AMBd for empirical therapy of febrile 
neutropenic patients with documented or suspected mycosis was published by Leenders, et al 
(67). The L-AMB dose was 5 mglkgld and AMBd 1 mglkgld. Of 106 enrolled patients, 66 
(62%) were evaluable for efficacy. Nine had fungemia, 17 had other deep fungal infection, and 
40 had suspected pulmonary aspergillosis. Complete response to L-AMB occurred in 14/32 
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( 44% ), whereas 6/34 (18%) responded to AMBd (P=0.03). Mortality rates were also 
significantly lower among patients treated with L-AMB, but a major determinant of mortality 
was the status of the patients ' malignancy. Few patients had mycologically proven and evaluable 
infections, but among these L-AMB eradicated the infection in 7/10 compared with only 2/8 for 
AMBd (67). 

Several investigators had successful experiences in treating AIDS patients with cryptococcal 
meningitis with L-AMB in uncontrolled studies (23, 68). Following these reports, Leenders, et 
al, randomized AIDS patients with first episode cryptococcal meningitis to receive either L
AMB 4 mg/kg/d or AMBd 0.7 mg/kg/d for 3 weeks, followed in either group by fluconazole 400 
mg daily for 7 weeks (69). Combination therapy with flucytosine was not used. Patients were 
assessed for efficacy, mycological response, and adverse effects at regular intervals. Of 28 
evaluable patients, 15 randomized to receive L-AMB and 13 received AMBd. The rate of and 
the time to clinical response were the same with either drug regimen, but L-AMB sterilized the 
CSF earlier (Kaplan-Meier analysis, P<0.05) (69). 

{ The data on efficacy of L-AMB for proven Candida or Aspergillus infections are gleaned from 
?- case reports as well as from the same various noncomparative and comparative studies already 

described above in which most patients received empiric therapy for a clinical diagnosis of 
fungal infection (23, 26, 36, 63, 66, 67, 71-73). Overall clinical response rates, including cures 
and improvement, for L-AMB treatment of Candida infections ranged from 20-84%. Kruger, et 

c<. al, however, reported 4 cases of fatal disseminated candidosis in which the Candida isolates 
showed reduced susceptibility to L-AMB compared to AMBd or ABCD (74). 

Proven Aspergillus infections also were found to respond favorably in 60-70% of patients in 
some studies (64, 72, 75), although the experience of other investigators has not been as 
favorable (36, 63, 70, 71, 76). The severity of patients ' underlying disease that predisposed them 
to these infections was usually a key variable in their outcomes (36, 64, 70, 72, 76). 

L-AMB has also demonstrated efficacy against other mycoses reported singly or in small series, 
including zygomycosis (77-80), fusariosis (23, 81, 82), curvulariosis (83), and histoplasmosis 
(84). 

The experience with using L-AMB for prophylaxis of fungal infections after bone marrow or 
organ transplantation has generally been encouraging but not definitively beneficial. Two 
randomized, double-blind, placebo-controlled trials showed reductions in colonization and 
infections with fungi in the groups of patients who received L-AMB (85, 86). However, one 
year survival rates were the same for L-AMB and placebo recipients. In an uncontrolled study of 
L-AMB prophylaxis at a low dose (1 mg/kg/d) in 58 liver transplant patients, 4 patients 
developed systemic mycoses (87). The authors wondered whether a dose of 3 mg/kg/d may be 
more adequate (87). 

Toxicity of L-AMB 

Beginning with early uncontrolled clinical studies of L-AMB, it has been apparent that L-AMB 
is tolerated by patients with fewer and generally less severe adverse events than were historically 
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expected with AMBd therapy (23, 36, 63, 64, 71-73). In addition, four randomized trials have 
been published in the last two years comparing L-AMB with AMBd which carefully considered 
adverse effects of these therapies. One of these studies was of AIDS patients with cryptococcal 
meningitis (69) and the other three examined febrile neutropenic patients who received 
antifungal drugs (65-67). 

Leenders, et al, randomized 28 patients with AIDS and cryptococcal meningitis to receive either 
AMBd at a dose of 0.7 mg/kg/d (n=13) or L-AMB 4 mg/kg/d (n=15) for 3 weeks before 
switching to fluconazole therapy (69). Both AMBd and L-AMB were well tolerated. Three 
patients had infusion-related adverse events during AMBd treatment which did not recur with 
restarting the L-AMB at a slower infusion rate. Only one AMBd-treated patient had 
nephrotoxicity (Cr >3x ULN), compared to none with L-AMB. Hypokalemia was equally 
common between the cohorts, but hepatotoxicity was more common with AMBd treatment (69). 

In a study of currently or recently neutropenic cancer or bone marrow transplant patients with 
documented or highly suspected mycoses, patients were randomized to receive either AMBd 1 
mg/kg/d (n=54) or L-AMB 5 mg/kg/d (n=52) for two weeks at which time dosage was reduced 
(67). AMBd was infused over 6 hours a!ld L-AMB over 45 minutes. Infusion-related toxicities 
were somewhat less common among L-AMB recipients (p=O.ll), but nephrotoxicity (Cr >2x 
baseline) was more frequent among those who received AMBd (40%) than those treated with L
AMB (12%, p <0.001). Hypokalemia, anemia, and hepatotoxicity were uncommon and equally 
frequent in either group. Overall, about half of patients in either cohort had no adverse effects 
(67). 

Two prospective randomized trials in cancer patients with persistent fever and neutropenia 
together evaluated over 1000 children and adults (65, 66). In the first, Prentice, et al, combined 
the results of two parallel studies of 134 adults and 204 children to test the safety of either of two 
dose levels of L-AMB (1 or 3 mg/kg/d) compared to AMBd (1 mg/kg/d) (65). Both overall and 
severe side effects were more common with AMBd (P <0.01). First-dose fever and chills or 
other acute events were half as frequent with L-AMB than with AMBd but were seldom a severe 
problem with either drug. Nephrotoxicity, defined as a doubling of the baseline creatinine level, 
occurred in 24% of AMBd recipients, which was twice as frequent as occurred after either low 
dose or high dose L-AMB (P <0.01). When other nephrotoxic drugs were not used, patients 
receiving L-AMB rarely developed azotemia. Furthermore, the time it took to develop 
nephrotoxicity was significantly delayed among recipients of either dose of L-AMB compared to 
AMBd (P <0.01) (Figure 8). In a subset of 8 patients with nephrotoxicity while on AMBd 
treatment, switching to L-AMB therapy was followed in 7 of them by stability or decline in the 
creatinine level. Hypokalemia and hepatotoxicity complicated AMBd therapy more frequently 
than with L-AMB treatment (P <0.01) (65). 
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Figure 8. Time to develop nephrotoxicity among patients treated with AMBd ("AmphB") or either of two doses of 
L-AMB ("AmBl", "AmB3") (see text) (reference 65). 

The second and larger comparison of AMBd and L-AMB in patients with febrile neutropenia is 
that of Walsh, et al (66). In this prospective, multicenter, double-blind trial, 702 patients were 
randomized to be treated with either AMBd 0.6 mg/kgld or L-AMB 3 mglkg/d. Premedications 
were not allowed with the first dose of either drug. Daily doses could be later modified up or ... 
down within guidelines at the investigators' discretion. With the exception of flushing, every 
measured acute infusion-related toxicity with the first or subsequent doses was twice to threefold 
more frequent among AMBd recipients (P <0.05-0.001). The use ofpremedications with 
ongoing dosing was also significantly more common for recipients of AMBd. Nephrotoxicity 
(peak creatinine level >3 mg/dL or increase of more than 100% above baseline) occurred 
significantly more frequently in AMBd recipients compared to those who received L-AMB. 
Hypokalemia was more common during AMBd therapy, but there was no difference between the 
cohorts in the incidence of hepatotoxicity (Table 5). Hypomagnesemia occurred frequently with 
the use of either drug. Overall, the frequency of grade 3 (severe) or grade 4 (life-threatening) 
toxic reactions was significantly lower among patients who received L-AMB (66). 

T bl 5 Ad a e verse effects of L-AMB and of AMB d' among patients treated for persistent fever and neutropenia 
Percent with Effect 

Effect L-AMB (n=343) AMBd (n=344l 
First dose fever 16.9 43.6 
Chills 37.6 73.5 
Flushing 5.2 0.6 
Hypotension 3.5 8.1 
Hypertension 2.3 11.3 
Hypoxia 0.3 6.4 
Azotemia• 18.7 33.7 
Hypokalemia 6.7 11.6 
Hepatotoxicity 17.8 20.3 .. . . 

L-AMB= hposomal amphotencm B (AmBtsome); AMBd =amphotenctn B deoxycholate (Fungtzone) 
Adapted from reference 66 
Serum creatinine level > 2x baseline value 

p 

< 0.001 
< 0.001 
<0.01 
< O.Ql 
< 0.05 
< 0.001 
< 0.001 
< 0.05 

NS 

Occasionally, dyspnea, hypoxemia, or an as yet unexplained chest pain syndrome occur during 
L-AMB infusion and respond to slowing the infusion (88). Fatal anaphylaxis has also been 
rarely described (89) . 

. Indications and Use 

FDA has approved L-AMB for the following indications: (a) empirical therapy for presumed 
fungal infection in febrile neutropenic patients; (b) treatment of Aspergillus, Candida, or 
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Cryptococcus infections refractory to AMBd therapy; (c) treatment of invasive fungal infections 
in patients in whom renal impairment or unacceptable toxicity precludes the use of AMBd; and 
(d) treatment of visceral leishmaniasis (90). 

L-AMB is dosed initially at 3-5 mg/kg by a 1-2 hour intravenous infusion once daily. Although 
not stipulated in the package insert, slow infusion of a small portion of the first dose may be 
prudent because of the rare occurrence of anaphylaxis (89). A peripheral intravenous line and an 
in-line filter may be used, but L-AMB should not be infused in the same line at the same time 
with other drugs. 

Intralipid® Formulations of Amphotericin B (AMB-IL) 

As a result of the early successes of lipid formulations of amphotericin B, European investigators 
sought a cheaper and more readily available alternative to these products. Studies of AMBd 
mixed with parenteral fat emulsion (usually 20% Intralipid~ in vitro and in animal models were 
encouraging, and subsequent limited clinical data have been generated. Concerns about the 
stability and particle sizes in these emulsions have been addressed though not laid to rest (91-95), 
but the in vitro antifungal activity of AMB seems not to be compromised by this formulation 
(95). Pharmacokinetic studies in humans have shown that the Cmax and AUC are lower after 
AMB-IL than after AMBd infusion (96-97). 

The clinical experience with AMB-IL consists mostly of small uncontrolled observational 
studies. Sievers, et al, reviewed this literature up until 1995 and applied their own strict criteria 
for evaluability, efficacy, and safety of AMB-IL therapy (98). Only a handful of documented 
fungal infections had been treated with AMB-IL, and of these the great majority were 
unevaluable from the published data. Two recent comparative studies suggest that AMB-IL is 
similarly efficacious as AMBd for the treatment of cryptococcal meningitis in AIDS (99, 100). 

Although there has been some enthusiasm for a perceived improved safety profile with AMB-IL, 
recent comparative studies have not demonstrated clear or consistent benefits from this delivery 
system (99-101). On balance, careful reviews of these data do not support the use of AMB-IL as 
a cheap, safe alternative to commercially available products (3). 

Pharmacoeconomics 

This review comfirms that ABLC, ABCD, and L-AMB have all been shown to be less toxic than 
AMBd in various ways under different clinical circumstances. Furthermore, each of these 
formulations has been at least comparable to AMBd in efficacy against common and serious 
invasive mycoses in immunocompromised hosts. The problem with these new drugs is their 
enormous cost relative to AMBd (26, 29, 102, 103). 

Table 6 summarizes the current acquisition costs at Dallas Veterans Affairs Medical Center and 
Parkland Memorial Hospital for one day's dosage of each of the formulations discussed in this 
rev1ew. 
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Table 6. Acquisition costs for one day 's dosage of currently" available formulations of amphotericin Bat Dall as VA Medical Center (DVAMC) 
and Parkland Memorial Hospital (PMH). 

Cost ($) -70 kg patient 
Formulation Dose DVAMC PMH 

AMBd-Funaizone"' 1 mg/kg 9 9 
AB LC-Abelcet"" 5 mg/kg 284 317 
ABC D-Amphotec"" 3-4 mg/kg 171 238 
L-AMB-AmB isome"' 3-5 mg/kg 550-770 694-972 
AMBd- lntralipid (250m!.) I mg/kg 22 16 

Pnces as of August, I 999. Personal communtca!lo n. 

These unit costs are amp! ified when one considers that the duration of therapy of invasive fungal 
infections is generally measured in weeks or months rather than days. Thus a three month course 
of AmBisome at maximal dose would add up to $87,480 for the Parkland Hospital pharmacy's 
cost of the drug alone compared to $810 for Fungizone, a 100-fold difference in cost. 

It can also be calculated based on current pricing that the excess direct costs of empirical 
treatment with L-AMB to reduce the absolute risk of breakthrough fungal infections in febrile 
neutropenic patients by 5% compared to AMBd in the recent Walsh, et al (66), study would have 
been $2.48 million. The mean duration of L-AMB therapy in that study was only 10.8 days. 
Bartlett estimates that substituting ArnBisome (L-AMB) for AMBd at Johns Hopkins Hospital 
would increase pharmacy costs $1.3 million per year (102). Justification of the costs of lipid 
formulations of AMB will be a problem for physicians and the manufacturers. 

One must balance these cost considerations against other factors, including (a) the cost of failing 
to prevent mycoses under conditions of empirical or prophylactic use of these drugs; (b) the cost 
of nephrotoxicity ; and (c) the cost of premedications used to minimize infusion-related toxicities 
(26, 103). 

Although one cost-benefit analysis suggested that L-AMB might be cost effective in organ or 
bone marrow transplant recipients in Sweden (104), no detailed pharmacoeconomic analysis has 
been done in the United States in this era of managed care. Consideration of the benefits of these 
therapies should factor in a recent meta-analysis of 24 randomized studies of prophylactic or 
empirical antifungal therapy in neutropenic cancer patients which demonstrated a reduction in 
the incidence of invasive mycoses but not a survival benefit (105). 

Arguments for the use of lipid-AMB formulations on the basis of reduced nephrotoxicity can be 
countered by the long clinical experience with the general reversibility of the nephrotoxicity of 
AMBd when dosing is reduced or temporarily withheld (2, 3, 26). Other measures such as saline 
loading and reducing the use of diuretics and concomitant nephrotoxic drugs can also minimize 
the renal effects of AMBd. 

An unstated but potential incentive for physicians to use one of the lipid formulations of AMB 
could be to avoid litigation which might result from adverse effects of AMBd that are portrayed 
and perceived as avoidable. It remains to be demonstrated whether such risk-avoidance behavior 
is an important market force in the use of these drugs in the U.S. 

Until and unless further comparative clinical studies and pharmacoeconomic analyses clearly 
demonstrate a tangible outcome advantage for patients who are treated with lipid formulations of 
AMB, restriction of their use to patients who have failed or not tolerated AMBd treatment still 
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seems the wiser course for physicians and formularies. Some experts and organ transplant teams 
choose to use lipid formulations of AMB as initial antifungal therapy for patients who are at high 
risk of nephrotoxicity and for whom that complication could be disastrous, such as liver 
transplant patients receiving cyclosporine. Drastic reductions in acquisition costs of these new 
drugs could change the equation in their favor. 

Newer Developments in Antifungal Therapy 

Besides the lipid formulations of amphotericin B, several other drugs or delivery systems are 
being investigated for their value in antifungal therapy. Novel azole antifungals such as 
voriconazole show promise in early clinical studies. Nystatin, a polyene antibiotic whose 
parenteral use has been limited by its toxicity, has been incorporated into a liposomal 
formulation which is better tolerated by patients. Liposomal nystatin has shown in vitro activity 
(20) and in vivo efficacy for certain fungal infections (106) and is currently in preliminary 
clinical trial. 

Attachment of fungus-specific antibodies to AMB-liposomes to produce so-called 
immunoliposomes may improve the deliv~ry of the antifungal drug to target fungi (6). Also, 
AMB has been complexed to a hydrophilic phospholipid derivative of polyethylene glycol (PEG) 
(32, 107). Pegylated liposomal AMB (PEG-AMB-LIP) resists uptake by mammalian host cells 
and thus has a prolonged circulation time while retaining high antifungal activity and low 
toxicity. This long-circulating liposomal AMB has also been called a "stealth liposome" or 
"sterically-stabilized liposome" (6). The efficacy of a single dose of PEG-AMB-LIP was 
superior to multiple doses of L-AMB in a leukopenic mouse model of disseminated candidiasis 
(32). 

Conclusions 

• Commercially available lipid formulations of amphotericin B seem generally to have less of a 
tendency to be nephrotoxic than amphotericin B deoxycholate. Renal and metabolic 
toxicities will occur with these products, so monitoring remains necessary. 

• Although some of these lipid formulations may cause a high frequency of acute infusion
related adverse events, all of these products can deliver a higher dose of amphotericin B and 
thus may increase the therapeutic index compared to amphotericin B deoxycholate. 

• The composition and molecular structure of the lipid-based products differ considerably, and 
these traits seem related to substantial pharmacokinetic differences among them. 

• Neither animal studies nor human pharmacokinetics have been predictive of clinical efficacy 
of the lipid amphotericin B formulations for fungal infections in humans. 

• Clinical studies of these new products suffer from a variety of methodologic problems which 
are difficult to reconcile. There are no prospective randomized human trials comparing the 
lipid formulations to one another for efficacy or safety. Neither are there long term studies 
which demonstrate a mortality benefit from using these expensive drugs. 
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• Amphotericin B lipid complex (ABLC, Abelcet®) is approximately as effective as AMBd 
(and perhaps L-AMB) for treating patients with presumed or proven invasive fungal 
infections. It has been clinically effective in many patients whose illness was refractory to 
AMBd therapy. 

• Amphotericin B colloidal dispersion (ABCD, Amphotec®) seems to be as clinically effective 
as AMBd for treating aspergillosis or invasive candidiasis in compromised hosts. Acute 
infusion-related adverse events are common with ABCD therapy but it has a low propensity 
to nephrotoxicity. ABCD is FDA-approved only for treatment of invasive aspergillosis in 
patients who have failed or not tolerated AMBd. 

• Liposomal amphotericin B (L-AMB, ArnBisome®) is at least as efficacious as AMBd for the 
treatment of febrile neutropenia, and fewer breakthrough fungal infections occurred with L
AMB therapy in one large study . Long term survival benefit from L-AMB treatment has not 
been demonstrated. Acute and chronic toxicities are less common and generally less severe 
with L-Al\1B than with AMBd. AmBisome is by far the most expensive of the lipid-based 
AMB products. 

• All of the lipid formulations of AMB are dramatically more expensive than AMBd. Their 
use should be restricted to patients who have failed or not tolerated AMBd treatment or who 
have an organ transplant and a high risk of catastrophic consequences of nephrotoxicity. 
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