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Summary
Synopsis Incorporation of amphotericin B into small unilamellar liposomes (AmBisome®)

alters the pharmacokinetic properties of the drug, but allows it to retain signifi-
cant in vitro and in vivo activity against fungal species, including Candida,
Aspergillus and Cryptococcus, and parasites of the genus Leishmania.

Used as prophylaxis against fungal infections in immunocompromised pa-
tients, liposomal amphotericin B appeared to reduce the incidence of both fungal
colonisation and proven fungal infections, but did not affect overall survival.

Empirical therapy with liposomal amphotericin B in immunocompromised
adults or children with suspected fungal infections was at least as effective as
therapy with conventional amphotericin B. In the largest noncomparative studies,
liposomal amphotericin B produced mycological eradication in 40 and 83% of
patients with proven Candida infections and 41 and 60% with proven Aspergillus
infections; however, these studies included relatively few patients. Mycological
eradication rates of 67 to 85% in patients with cryptococcal meningitis have been
reported.

Liposomal amphotericin B is an effective treatment for visceral leishmaniasis
in immunocompetent adults and children, including those with severe or drug-
resistant disease. The drug also produces good response rates in immuno-
compromised patients; however, relapse rates in these patients are high.

Liposomal amphotericin B is generally well tolerated. Few patients require
discontinuation or dose reduction of the drug because of adverse events. The most
frequently reported adverse events are hypokalaemia, nephrotoxicity and infu-
sion-related reactions; however, these occur significantly less often after lipo-
somal amphotericin B than after the conventional formulation of the drug.

The acquisition cost of liposomal amphotericin B is higher than that of con-
ventional amphotericin B. Cost-effectiveness analyses did not clearly show an
economic benefit for empirical liposomal amphotericin B antifungal therapy in
adults; however, one model suggested that initial empirical therapy with the
liposomal formulation in children may cost less per cure than initial therapy with
the conventional formulation.

Liposomal amphotericin B appears to be an effective alternative to conven-
tional amphotericin B in the management of immunocompromised patients with
proven or suspected fungal infections. Use of the drug is facilitated by its greatly
improved tolerability profile compared with conventional amphotericin B. Be-
cause of this, liposomal amphotericin should be preferred to conventional am-
photericin B in the management of suspected or proven fungal infections in
immunocompromised patients with pre-existing renal dysfunction, amphotericin
B–induced toxicity or failure to respond to conventional amphotericin B. Lipo-
somal amphotericin B may also be considered for first- or second-line treatment
of immunocompetent patients with visceral leishmaniasis.

Pharmacodynamics Amphotericin B is a macrocyclic polyene antibiotic which acts via inhibition of
membrane function in susceptible fungal and Leishmania cells. Liposomal am-
photericin B (AmBisome®) – produced by incorporation of amphotericin B into
small, unilamellar liposomes – accumulates at sites of fungal infection, binding
directly to fungal cells and causing cell death. Drug and liposome remain closely
associated in circulation, permitting the administration of higher doses with re-
duced toxicity relative to conventional amphotericin B.

Liposomal amphotericin B is active in vitro and in vivo against a variety of
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pathogenic fungi and Leishmania species. In rodent models of Candida, Asper-
gillus and Cryptococcus infection, liposomal amphotericin B was administered
in higher doses than the conventional drug, generally producing greater reduc-
tions in fungal burden. Survival rates were generally similar between the 2 for-
mulations, although liposomal amphotericin B improved cure rates and survival
compared with lower doses of conventional amphotericin B in some studies.
When the 2 formulations were administered in identical milligram per kilogram
dosages, they had similar effects on survival in infected animals, and conventional
amphotericin B tended to produce a greater reduction in fungal burden. Against
murine visceral leishmaniasis, liposomal amphotericin B was considerably more
effective than conventional amphotericin B or meglumine antimonate, and it
produced clinical improvement with significantly fewer doses than the latter
agent.

Pharmacokinetics After intravenous administration, liposomal amphotericin B achieves a higher
peak serum concentration and larger area under the serum concentration-time
curve than conventional amphotericin B. The drug appears to be taken up exten-
sively by the reticuloendothelial system. High concentrations of drug are detected
in liver and spleen, with lower concentrations found in brain, CSF, bone marrow,
heart and lung.

The apparent mean half-life of liposomal amphotericin B is approximately 6
to 7 hours. Elimination of liposomal amphotericin B, like that of the conventional
formulation, is poorly understood. No metabolites are known.

Therapeutic Use in
Fungal Infections

Liposomal amphotericin B fungal prophylaxis was more effective than placebo
in immunocompromised patients. The drug significantly reduced rates of invasive
fungal infection in liver transplant recipients; among bone marrow transplant
recipients, liposomal amphotericin B reduced the rate of fungal colonisation, but
not invasive fungal infection. Overall survival was not affected.

Empirical therapy with liposomal amphotericin B in immunocompromised
adults and children with suspected fungal infections was at least as effective as
therapy with conventional amphotericin B in randomised studies. Evidence from
noncomparative studies confirms the effectiveness of empirical liposomal am-
photericin B in patients with suspected fungal infections, including patients who
had experienced prior inefficacy or toxicity with conventional amphotericin B.

Limited data from noncomparative studies suggest that liposomal amphoter-
icin B is effective against invasive Candida and Aspergillus infection and oral
candidosis. However, fewer than 20 patients with each infection were evaluable
in most studies. In the largest available studies, liposomal amphotericin B pro-
duced mycological eradication in 41 and 60% of patients with Aspergillus infec-
tion and 40 and 83% of patients infected by Candida spp. 67 to 85% of patients
with AIDS and cryptococcal infection (primarily meningitis) who received lipo-
somal amphotericin B achieved mycological eradication.

Therapeutic Use in
Visceral Leishmaniasis

Liposomal amphotericin B is an effective treatment for visceral leishmaniasis
(kala azar) in immunocompetent adults and children, clearing parasites in 100%
of patients in several studies. The drug is also effective in patients with severe or
pentavalent antimonial-resistant disease; however, response rates appear to be
lower. In most immunocompetent patients, symptomatic improvement and ob-
jective response are detectable within 1 week of starting therapy. Liposomal
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amphotericin B also produces good response rates in immunocompromised pa-
tients; however, relapse rates are high. No comparative data are available.

Tolerability Liposomal amphotericin B was generally well tolerated. The drug was discon-
tinued because of adverse events in <5% of patients. Liposomal amphotericin B
recipients experienced fewer adverse events than patients who received conven-
tional amphotericin B. The most frequently reported adverse events in the lipo-
somal amphotericin B group included hypokalaemia, nephrotoxicity and
infusion-related fever and rigors. Increased serum liver enzymes have been noted
in a substantial proportion of liposomal amphotericin B recipients. However,
these patients may have been predisposed to elevations in liver enzymes by con-
comitant drugs or disease states; causality is unclear.

Dosage and
Administration

Liposomal amphotericin B is administered as a single daily dose by slow intra-
venous infusion. Premedication is not required.

Used for empirical antifungal therapy in immunocompromised patients, the
recommended (US) liposomal amphotericin B dosage is 3 mg/kg/day. Patients
with proven systemic fungal infections should receive 3 to 5 mg/kg/day (US) or
1 to 3 mg/kg/day (UK). The optimum duration of antifungal therapy is not well
defined. In neutropenic patients, treatment is generally continued until the recov-
ery of neutrophil counts. A dosage of liposomal amphotericin B 1 mg/kg/day has
been used for fungal prophylaxis after bone marrow or liver transplantation.

In immunocompetent patients with visceral leishmaniasis, liposomal ampho-
tericin B 3 mg/kg should be administered on days 1 to 5, 14 and 21. In immuno-
compromised patients, the recommended dosage is 3 mg/kg/day on days 1 to 5
and 4 mg/kg/day on days 10, 17, 24, 31 and 38. Other regimens of 21 to 30 mg/kg
administered over 10 to 21 days may also be appropriate.

Pharmacoeconomic
Implications of
Liposomal 
Amphotericin B

The acquisition cost of liposomal amphotericin B is considerably higher than that
of the conventional formulation. Because of this, the prophylactic use of lipo-
somal amphotericin B may be difficult to justify. One cost-effectiveness analysis
of empirical liposomal amphotericin B therapy suggested that savings associated
with the reduced toxicity and improved efficacy of the liposomal formulation in
immunocompromised adults with proven or suspected fungal infections were not
enough to offset its increased acquisition cost compared with the conventional
formulation. Another model suggested that initial empirical therapy with lipo-
somal amphotericin B may cost less per complete cure than the conventional
formulation in children, but not in adults. No pharmacoeconomic data are avail-
able for the use of liposomal amphotericin B in patients with visceral leishmani-
asis.

Amphotericin B is a macrocyclic polyene anti-
biotic derived from Streptomyces nodosus.[1] Ad-
ministered in its conventional formulation – that is,
complexed with deoxycholate – it remains the drug
of choice for many fungal infections and has been
studied in the treatment of visceral leishmaniasis.
However, use of the conventional formulation is
limited by its poor tolerability profile.

Incorporation of amphotericin B into liposomes

(Ambisome®) alters the pharmacokinetic profile of
the drug, leading to changes in tissue distribution,
antifungal activity and, importantly, tolerability.

Several lipid-based formulations of amphoteri-
cin B exist; however, only 1 available formulation
– that reviewed in this article – may truly be de-
scribed as liposomal amphotericin B (table I). This
product is a lyophilised formulation consisting of
liposomal amphotericin B incorporated into small,
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unilamellar liposomes (mean diameter <100nm)
composed of hydrogenated soy phosphatidylcho-
line, cholesterol and distearoyl phosphatidyl-
glycerol combined in a molar ratio of 2 : 1 : 0.8.
Liposomal amphotericin B is administered intra-
venously, and dosage is always expressed in terms
of amphotericin B content.

1. Pharmacodynamics

1.1 Mechanism of Action of Amphotericin B

Amphotericin B acts by binding to ergosterol,
the principal sterol in the membrane of susceptible
fungal and parasite cells.[1,4] This impairs mem-
brane function, causing metabolic disturbance,
loss of cell constituents and, eventually, cell death.

Liposomal encapsulation of amphotericin B al-
ters the pharmacokinetic profile of the drug (sec-
tion 2), but does not appear to alter its mechanism
of antifungal activity.

In vitro and in vivo, amphotericin B remains
closely associated with the liposome structure.
Whereas conventional amphotericin B (1 µg/ml)
incubated with red blood cells caused 95% cell ly-
sis, the liposomal formulation (100 µg/ml), incu-
bated under identical conditions, caused only 5%
lysis, suggesting that little amphotericin B (<1%)
was released from the liposomes.[5] Similarly,
amphotericin B was not released from liposomes
in circulation: 1 to 24 hours after injection of
[14C]phosphatidylcholine-containing liposomal
amphotericin B into mice, the ratio of drug to 14C
in plasma remained near 1 (range 0.91 to 1.18).[5]

Intact liposomes accumulate at sites of fungal
infection. Sectioned tissues from mice killed 17
hours after treatment with liposomes containing

sulforhodamine dye (with or without amphotericin
B) fluoresced brightly at sites of fungal infection.
Both empty and amphotericin B–containing lipo-
somes bound as intact liposomes to Candida al-
bicans in suspension.[5]

The binding of amphotericin B liposomes to
fungal cells leads to cell death. Initially, both
amphotericin B liposomes and empty liposomes
bound to C. albicans cells in suspension.[5] After
15 hours’ incubation, however, disruption of the
drug-containing liposomes had occurred, and the
fungus showed a loss of viability. In contrast,
empty liposomes remained intact and did not re-
duce fungal viability. Similar results were ob-
served in cultures of Candida-infected murine
peritoneal macrophages.[5]

1.1.1 Effects on Neutrophils and Lymphocytes
Effective phagocytic cell function is often cru-

cial for successful antifungal therapy. It is there-
fore of interest that higher concentrations of lipo-
somal than conventional amphotericin B are
required to reduce neutrophil phagocytic func-
tion.[6] In in vitro cell cultures, liposomal ampho-
tericin B, at concentrations ≥20 mg/L, caused a
significant reduction in neutrophil uptake of C. al-
bicans blastospheres. Similar effects were seen
with conventional amphotericin B at concentra-
tions ≥1 mg/L.

Similarly, clinically relevant concentrations of
amphotericin B (0 to 16 mg/L) impaired in vitro
proliferation of B- and T-lymphocytes from im-
mune-normal and immunocompromised mice, but
the same concentrations of liposomal amphotericin
B did not affect immune function.[7]

Table I.  Comparative properties of amphotericin B formulations[2,3]

Particle properties Conventional
amphotericin B

Liposomal amphotericin B
(AmBisome®)

Amphotericin B
colloidal dispersion

Amphotericin B lipid complex

Shape Micelle Liposome Lipid disc Lipid sheet

Size (nm) <25 90 100 500-5000

Lipid/carrier
composition

Deoxycholate Cholesterol soy lecithin plus
distearoylphosphatidylcholine

Cholesteryl sulphate Dimyristoylphosphatidylcholine plus
dimyristoylphosphatidylglycerol

Amphotericin
concentration (mol/L)

340 100 50 330
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1.2 Overview of Antimicrobial Activity

1.2.1 Antifungal Activity
Encapsulation of amphotericin B in liposomes

did not appear to reduce its activity against fungal
isolates in vitro (table II). Indeed, minimum inhib-
itory concentrations of the liposomal drug were
generally one dilution lower than those of conven-
tional amphotericin B. However, in vitro fungal
susceptibility testing may not reliably predict the
clinical activity of antifungal drugs.[8,9] Because of
this, and because clinical assessment of antifungal
activity is complicated by difficulties in identifying
and proving fungal infections (section 3), studies
of in vivo activity are of particular importance in
the evaluation of the antifungal activity of lipo-
somal amphotericin B. Unless otherwise indicated,
the drug was administered intravenously in all of
these studies.

Candida spp.
In C. krusei-infected neutropenic mice, interme-

diate and high dose liposomal amphotericin B (15
and 30 mg/kg/day) produced a greater reduction in
fungal burden than low doses of the drug (8 to 10
mg/kg/day), conventional amphotericin B (1 or 2
mg/kg/day) or fluconazole (100 mg/kg/day).[11,12]

High dose liposomal amphotericin B was associ-
ated with increased mortality, probably secondary

to toxicity, but survival improved in mice treated
with low and intermediate doses of liposomal am-
photericin B and conventional amphotericin B
compared with that in untreated and fluconazole-
treated mice.[11,12] No difference in survival was
detected between mice treated with low or interme-
diate dose liposomal amphotericin B or conven-
tional amphotericin B.[11,12]

Similarly, liposomal amphotericin B 8 to 30 mg/
kg/day was as effective as conventional amphoteri-
cin B 1 or 2 mg/kg/day in prolonging survival in
immunosuppressed mice infected with amphoteri-
cin B–susceptible C. lusitaniae, and produced
greater reductions in fungal titres.[11] However, no
advantage was detected for any dose of the lipo-
somal compared with the conventional formulation
in mice infected with amphotericin B–resistant C.
lusitaniae.[11]

Conventional and liposomal amphotericin ad-
ministered in maximum tolerated dosages (0.4 and
7 mg/kg/day, respectively) and fluconazole (0.4 to
64 mg/kg/day) caused a reduction in the numbers
of C. albicans colony-forming units in the kidneys
of immunocompetent mice.[13] (Maximum toler-
ated dosages for the 2 amphotericin B formulations
were determined in noninfected mice in a dose-
ranging study in which end-points were death or
renal/hepatic dysfunction.) In infected mice, both
formulations of amphotericin B prevented relapse
of infection after the completion of treatment;
fluconazole did not. Similarly, in leucopenic mice
infected with C. albicans, conventional amphoter-
icin B (0.3 mg/kg/day) and fluconazole (64 mg/kg/
day) reduced the number of colony-forming units
in the liver, spleen and lungs, but failed to reduce
the number of colony-forming units in the kidney,
which led to relapse after the completion of treat-
ment.[13] In contrast, liposomal amphotericin B
(7 mg/kg/day) significantly reduced the number of
colony-forming units in all organs, including the
kidney, and prevented relapse.[13] In a similar study
published in abstract form,[14] liposomal amphoter-
icin B, but not conventional amphotericin B or con-
ventional amphotericin B in lipid 10% (a formula-
tion not available commercially), significantly

Table II.  Representative study of the in vitro activity of liposomal
and conventional amphotericin B against various fungal isolates
tested using microbroth dilution assays[10]

Organisma 
(no. of isolates)

Minimum amphotericin B
concentration required to inhibit
90% of isolates (mg/L) [MIC90]

liposomal conventional

Aspergillus spp.b (13) 1.25 2.50

Candida spp.c (72) 0.62 1.25

Cryptococcus neoformans (32) 0.62 1.25

Fusarium spp.d (8) 2.50 2.50

a For species tested, MIC90 values did not differ within genus.

b Tested isolates included A. fumigatus (4), A. flavus (4), 
A. terreus (3), A. niger (2).

c Tested isolates included C. albicans (32), C. tropicalis (20), 
C. parapsilosis (20).

d Tested isolates included F. solani (4), F. moniliforme (2), 
F. oxysporum (1), F. equiseti (1).

590 Coukell & Brogden

 Adis International Limited. All rights reserved. Drugs 1998 Apr; 55 (4)



reduced the amount of fungus in liver tissue from
mice which were infected with C. albicans (mouse
strain, immune status not reported) [all drugs ad-
ministered at 1 mg/kg/day].[14] Conventional and
liposomal amphotericin B, both administered at
0.75 mg/kg, produced equivalent reductions of
yeasts in the kidney tissue of C. albicans-infected
mice.[15]

Aspergillus spp. 
In immunosuppressed rabbits and rats, lipo-

somal amphotericin B (5 and 10 mg/kg/day, re-
spectively) was more effective than conventional
amphotericin B 1 mg/kg/day against pulmonary
Aspergillus fumigatus.[16,17] In rabbits, the lipo-
somal formulation caused less nephrotoxicity, im-
proved survival more and produced a greater re-
duction in the number of viable fungal organisms
than the conventional formulation.[16] In rats, both
formulations delayed and reduced mortality, but
only the liposomal formulation reduced the num-
ber of colony-forming units in the inoculated lung
and prevented the dissemination of infection from
the infected to the noninfected lung.[17]

In a rabbit model of A. fumigatus endocarditis
(immune status not reported), conventional am-
photericin B, the liposomal formulation and
amphotericin B lipid complex had similar effects
on survival when administered at 2 mg/kg/day;
however, the conventional formulation produced
the greatest reduction in colony-forming units.[18]

At higher doses (6 mg/kg/day), the liposomal and
lipid-based formulations were as effective as the
conventional formulation administered at 2 mg/
kg/day.

Cryptococcus neoformans
In a murine model of Cryptococcus neoformans

meningitis (ICR outbred mice), therapy every sec-
ond day with liposomal amphotericin B 1 mg/kg
or conventional amphotericin B 0.3 mg/kg pro-
duced similar and significant prolongation of sur-
vival compared with that in untreated mice.[19]

Both drugs significantly reduced fungal burden
compared with controls; however, the reduction
was significantly greater in mice which received
the conventional formulation (p value not re-

ported). Over the dosage range of 1 to 30 mg/kg,
liposomal amphotericin B dose-dependently re-
duced fungal burden, with brain cultures negative
in 78% of animals at the highest dose. Similar
dose-response effects of liposomal amphotericin B
in murine cryptococcosis have been noted else-
where (C57BL/6 mice).[15]

Other Fungal Pathogens
Liposomal amphotericin B was active in several

murine models of systemic fungal infection, in-
cluding pulmonary infection by Paracoccidioides
brasiliensis,[20] Blastomyces dermatitidis[21] and
Coccidioides immitis,[22] and disseminated Tricho-
sporon beigelii[23] and Histoplasma capsulatum.[24]

Against paracoccidiomycosis[20] and blastomycosis
(in BALB/c and CD-1 mice, respectively),[21] con-
ventional amphotericin B was more active than
the liposomal formulation on a milligram-per-
kilogram basis; however, higher doses of the lipo-
somal drug could be administered safely and were
curative. Against coccidiomycosis (in ICR mice)[22]

and histoplasmosis (in athymic nu/nu BALB/c
mice),[24] both formulations were effective and
equally active at the same dosage. In addition, aer-
osolised liposomal amphotericin B has been shown
to be effective in the treatment and prophylaxis
of murine cryptococcosis (data reviewed by Gil-
bert).[25]

1.2.2 Activity Against Leishmania
Against Leishmania major promastigotes (the

form of the parasite which occurs in the vector) in
culture and amastigotes (as found in an infected
lesion) in murine macrophages, liposomal ampho-
tericin B was 3 to 6 times less active than the con-
ventional formulation.[26] However, in L. major–
infected (BALB/c) mice, liposomal amphotericin
B (6.25 to 50 mg/kg) reduced the lesion size in a
dose-dependent fashion, whereas the conventional
formulation was ineffective in subtoxic doses (≤1
mg/kg).[26] Sodium stibogluconate, even at a daily
dose of 400mg antimony (SbV)/kg, was also inef-
fective in vivo.

Liposomal amphotericin B (12 mg/kg) and am-
photericin B lipid complex (12 mg/kg) were both
completely successful in eradicating L. infantum in
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a (BALB/c) murine model of visceral leishmania-
sis.[27] Conventional amphotericin B (0.8 mg/kg),
amphotericin B in lipid 20% (1.2 mg/kg) and
meglumine antimonate 200mg SbV/kg were con-
siderably less effective. Similarly, 3 consecutive
daily doses of liposomal amphotericin B 3 mg/kg
were enough to clear L. infantum parasites from the
livers of infected (BALB/c) mice, but meglumine
antimonate 28mg SbV/kg/day did so only after 21
days.[28] In dogs naturally infected with L. in-
fantum, 3 to 5 doses of liposomal amphotericin B
3 to 3.3 mg/kg were as effective as 14 to 21 doses
of meglumine antimonate in producing clinical im-
provement; however, neither agent produced para-
sitological cures.[29]

1.3 Murine Toxicity: Comparison with
Conventional Amphotericin B

In rodents, as in humans (section 5), liposomal
amphotericin B was considerably less toxic than
conventional amphotericin B.[30] In single-dose
studies, the amount of liposomal amphotericin B
required to cause death in 50% of mice (LD50) was
>76-fold higher with the liposomal than the con-
ventional formulation (>175 vs 2.3 mg/kg). Rats

were more sensitive to the lethal effects of both
drugs; however, the ratio of LD50 values remained
high (50 vs 1.6 mg/kg). In multiple-dose studies,
only 2 of 10 mice died after liposomal amphoteri-
cin B 75 mg/kg daily for 14 days, whereas a single
dose of conventional amphotericin B >2.6 mg/kg
was lethal in 100% of mice.

2. Pharmacokinetics

The pharmacokinetics of liposomal amphoteri-
cin B after single- and multiple-dose intravenous
administration are summarised in tables III and IV,
respectively. After single-dose intravenous admin-
istration, the drug achieves high peak serum con-
centrations (Cmax) and a large area under the serum
concentration-time curve (AUC) [table III]. In
multiple dose data reviewed elsewhere,[31] Cmax af-
ter the second once daily dose of liposomal ampho-
tericin B was approximately twice that measured
after the first dose; thereafter, Cmax remained con-
stant. The first-phase elimination half-life (t1⁄2α) of
liposomal amphotericin B is ≤2 hours, indicating
rapid distribution to the tissue compartment and/or
uptake by the reticuloendothelial system. The sec-
ond-phase elimination half-life is 24 to 35 hours

Table III.  Pharmacokinetics of liposomal amphotericin B, conventional amphotericin B and amphotericin B in lipid 20% after single-dose
intravenous administration in 10, 6 and 8 patients, respectively (disease states not reported)[32]

Drug (dose) Cmax 
(mg/L)

Vd 
(L/kg)

CL 
(L/h/kg)

t1⁄2α 
(h)

t1⁄2β 
(h)a

AUC 
(mg/L • h)

Liposomal amphotericin B (3 mg/kg) 29.0 0.37 0.02 1.74 23.6 423

Conventional amphotericin B (1 mg/kg)  3.57 1.59 0.04 0.67 34.7 34.2

Amphotericin B in lipid 20% (1 mg/kg)  1.40 2.80 0.08 1.99 33.3 19.7

a Analyses were limited to 24h; therefore, these are apparent values only.

Abbreviations: AUC = area under the serum concentration-time curve; Cmax = peak serum drug concentration; CL = total plasma clearance;
t1⁄2α, t1⁄2β = first, second elimination half-life; Vd = volume of distribution.

Table IV.  Steady-state pharmacokinetics of liposomal amphotericin B administered intravenously once daily over 1-2h to febrile neutropenic
cancer and bone marrow transplant patients[34]

Dosage
(mg/kg/day)

No. of
evaluable pts

Cmax 
(mg/L)

Vd
(L/kg)

t1⁄2 
(h)

CL 
(L/h/kg)

AUC0−24 
(mg/L • h)

1.0 7 12.2 0.14 7.0 0.039 211

2.5 7 31.4 0.16 6.3 0.022 419

5.0 9 83.0 0.10 6.8 0.011 523

Abbreviations: AUC0-24 = area under the plasma concentration-time curve from 0 to 24h; Cmax = peak serum drug concentration; CL = total
plasma clearance; t1⁄2 = mean elimination half-life; Vd = volume of distribution.
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(table III); the apparent mean half-life is 6 to 7
hours (table IV).

With increasing doses of liposomal amphoteri-
cin B, AUC values increased in a nearly linear fash-
ion, suggesting that clearance was not saturable at
the doses reported (table IV). The linear relation-
ship was less clear in a study carried out in febrile
neutropenic patients (AUC values 69, 206 and 713
mg/L • h at 1, 2.5 and 5 mg/kg/day).[33] As men-
tioned in section 1, amphotericin B does not tend
to dissociate from the liposomes in circulation.[31]

After administration of the liposomal formula-
tion, amphotericin B is detected mainly in spleen
and liver tissue, reflecting the extensive reticulo-
endothelial uptake of the drug (fig. 1). Substantial
amounts of drug were recovered in kidney and lung
tissue; concentrations in brain, CSF, thyroid, bone
marrow, heart and muscle tissue were low (gener-
ally <25 mg/kg).[35] In patients with AIDS-related
cryptococcal meningitis, no amphotericin B was
detectable in the CSF after 7, 14 and 21 days’ treat-
ment with liposomal amphotericin B 4 mg/kg/day
(n = 15) or conventional amphotericin B 0.7 mg/

kg/day (n = 13). In contrast, a case report does exist
of the CSF concentration reaching 56% of the se-
rum concentration (0.36 and 0.64 mg/L, respec-
tively) after administration of liposomal amphoter-
icin B (dose not specified) for presumed fungal
sepsis after bone marrow transplant (BMT) in a
patient with acute myeloid leukaemia.[36]

In rabbits, liposomal amphotericin B 5 mg/kg
produced 7-fold higher drug concentrations in the
liver than conventional amphotericin B 1 mg/kg
(239 vs 33 µg/g; p = 0.002); however, accumula-
tion of the liposomal formulation in kidney tissue
was 14 times lower (0.87 vs 12.7 µg/g; p = 0.04).[37]

No drug was detectable in CSF after administration
of liposomal amphotericin B, amphotericin B col-
loidal dispersion, amphotericin B lipid complex
(each at 5 mg/kg) or conventional amphotericin B
(1 mg/kg) in rabbits.[38] Brain amphotericin B con-
centrations were 4 to 7 times higher after the lipo-
somal formulation than after the other 3 formula-
tions (p < 0.005).

The pharmacokinetic profile of liposomal am-
photericin B is substantially different from that of
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Fig. 1.  Tissue concentrations of liposomal amphotericin B in 3 patients.[35] TD indicates total cumulative dose.
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the conventional drug or amphotericin B in lipid
20% (table III). Liposomal amphotericin B distrib-
utes in a smaller volume of distribution than the
other formulations and, correspondingly, the Cmax

is substantially higher after administration of the
liposomal formulation (table III).

The second elimination half-life of liposomal
amphotericin B is approximately 24 hours (table
III). No metabolite of amphotericin B has been
identified and the elimination of both conventional
and liposomal formulations of the drug is poorly
understood.[31] After administration of conven-
tional amphotericin B, only about 2 to 5% of a dose
is recovered in the urine within 24 hours, and tissue
accumulation appears to account for most drug dis-
tribution.[31] Clearance of the liposomal formula-
tion is slower than that of the conventional formu-
lation (table III).

Haemodiafiltration in a patient receiving lipo-
somal amphotericin B (1 to 2 mg/kg/day) removed
drug at a constant rate of approximately 0.5 mg/h
(zero-order removal); dosage adjustment was not
required.[39] Liposomal amphotericin B was not re-
moved by short term (4-day) continuous venous-
venous haemofiltration.[40]

3. Therapeutic Use in Fungal Infections

Evaluation of antifungal therapy in immuno-
suppressed patients is notoriously difficult. My-
cotic disease is not easy to identify accurately and
may present clinically like other (nonfungal) infec-
tions or similar noninfectious presentations. Even

with invasive investigations, fungal pathogens are
infrequently isolated, may be isolated only after
death and may be indistinguishable from colonisa-
tion or contamination of cultures.[1,41]

3.1 Empirical Antifungal Therapy in
Immunocompromised Patients

3.1.1 Use as Prophylactic Therapy
Two randomised double-blind placebo-controlled

studies have assessed the benefit of prophylactic
liposomal amphotericin B in transplant patients
(table V). Liposomal amphotericin B appeared to
reduce the post-transplant incidence of proven
fungal infections in both BMT (allogeneic or auto-
logous)[42] and liver transplant[43] recipients, al-
though the apparent effect reached statistical sig-
nificance only in the latter study. This post–liver
transplant difference in incidence of proven fungal
infections between liposomal amphotericin B and
placebo recipients remained significant even after
1 year (11 vs 29%; p = 0.05). Cultured organisms
in these 2 studies included Candida spp.[42,43] and
Aspergillus spp.[43] No difference in survival was
noted between placebo and liposomal amphoteri-
cin B recipients in either trial.

Among BMT patients, significantly fewer lipo-
somal amphotericin B than placebo recipients were
colonised by Candida spp. by study end (p =
0.05).[42] During the study, fungal colonisation de-
creased in liposomal amphotericin B recipients
(from 55% of patients at baseline to 33% at study

Table V.  Prophylaxis against fungal infections with liposomal amphotericin B (LAB): randomised, double-blind, placebo-controlled studies in
immunocompromised patients (pts)

Reference Underlying
condition

No. of
evaluable
pts

Treatment (mg/kg/day)
[duration]

Outcomes (% of pts)

fungal
colonisation

suspected
fungal
infection

proven fungal
infections at
≤30 days

survival
at 1y

Tollemar et al.[42] Bone marrow
transplanta

36 LAB 1 [until ANC >0.5]b 33* 14  3 62

40 Placebo 62 18  8 73

Tollemar et al.[43] Liver transplant 40 LAB 1 [5 days] NR NR  0** 80

37 Placebo NR NR 16 78

a 82% of enrolled pts received allogeneic transplants; 18% received autologous transplants.

b Treatment was begun when ANC decreased to <0.5 and continued until >0.5 on 2 successive days.

Abbreviations and symbols: ANC = absolute neutrophil count (× 109/L); NR = not reported; * p = 0.05, ** p < 0.01 vs placebo.
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end), but increased in placebo recipients (from 41
to 62%).[42]

3.1.2 Use in Patients with Suspected Infections
In large, randomised comparative trials, lipo-

somal amphotericin B was at least as efficacious as
conventional amphotericin B in the treatment of
neutropenic patients with pyrexia of unknown or-
igin (table VI).[44,45]

Combined efficacy data from 2 comparative
studies which included 134 adults and 204 children
who received liposomal amphotericin B 1 or 3 mg/
kg/day or conventional amphotericin B 1 mg/kg/
day showed successful outcome in 58, 64 and 49%

of patients, respectively.[45] Successful outcome,
defined as resolution of fever for ≥3 days without
the development of new fungal infection, occurred
significantly more frequently in recipients of lipo-
somal amphotericin B 3 mg/kg than in recipients
of conventional amphotericin B (p = 0.03). How-
ever, a Kaplan-Meier analysis of time to deferves-
cence showed that there were no significant differ-
ences between the treatments.[45]

In 687 neutropenic patients [absolute neutrophil
count (ANC) <0.5 × 109/L] with persistent fever
(>96 hours while on antibacterial therapy), the
composite success rates (not defined) for lipo-

Table VI.  Use of liposomal amphotericin B (LAB) in immunocompromised patients (pts) with suspected or proven fungal infections. Studies
were nonblind, except as indicated

Reference
(study design)

No. of clinically
evaluable pts

LAB dosage (mg/kg/day)
[median duration of treatment; 
range (days)]

Clinical responsea (% of pts)

success failure

Noncomparative studies, generally in patients with underlying, or conventional amphotericin B (C-AmB)–induced, renal failure
or previously unsuccessful C-AmB treatment
Berenguer et al.[46] (pro)  10 2.5-4 [mean 17; 3-33] 50 50

Böhme & Hoelzer[47] (pro)  19b 3-5 every other day [NR] 84 16

Heinemann et al.[48]c (ret) 100 200 mg/dayd [15] NR 42

Krüger et al.[49]  50 1-5 [13; 1-55] 54 46

Mills et al.[50] (ret) 133e NR [12; 2-96] 61f 19

Nowoczyn et al.[51]c  10 1.5-2.5 [15; 4-35] 70 10

Ringdén et al.[52]  15 0.5-3 [15; 3-55] 87 NR

Ringdén et al.[35] (pro, mc)  99 0.5-5 [18; 1-97] 81 19

Randomised comparisons with C-AmB
Leenders et al.[53]c (pro, mc)  32 LAB 5 [NR] 50* NR

 34 C-AmB 1 [NR] 24 NR

Prentice et al.[45] (pro, mc) 118 LAB 1 [NR]g 58 NR

118 LAB 3 [NR]g 64* NR

102 C-AmB 1 [NR]g 49 NR

Walsh et al.[44]c (pro, mc, db) 343 LAB 3 [mean 10.8] 50 14h

344 C-AmB 0.6 [mean 10.3] 49 19h

a Response definitions varied between studies. Success includes pts with clinical cure or improvement including, in some studies,[35,46,47]

radiographic improvement.

b Pts in this study had pneumonia. Those with pulmonary infiltrates characteristic of Aspergillus received 5 mg/kg every 
second day; others received 3 mg/kg every second day.

c Abstract.

d Median dose.

e 133 treatment episodes in 116 enrolled pts.

f A further 20% of pts were found to have a nonfungal source of illness.

g Study end was defined as resolution of fever, recovery of neutrophils, patient death, unresolved toxicity or patient/physician 
request to withdraw.

h Withdrawal of study drug because of toxicity or lack of efficacy.

Abbreviations: db = double-blind; mc = multicentre; NR = not reported; pro = prospective; ret = retrospective; * p < 0.05 vs C-AmB.
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somal and conventional amphotericin B (3 and 0.6
mg/kg/day, respectively) were 50 and 49% (fig.
2).[44] Overall survival, resolution of fever during
neutropenia and premature withdrawal of study
drug because of poor efficacy or tolerability were
similar between the 2 groups. Significantly fewer
proven fungal infections emerged during treatment
in the group which received the liposomal formu-
lation (5 vs 9% of patients; p = 0.02).

In a small comparative study in neutropenic
patients (n = 66) published in abstract form,[53]

liposomal amphotericin B 5 mg/kg/day produced
a higher clinical success rate (complete or par-
tial response) than conventional amphotericin
B 1 mg/kg/day (50 vs 24%) [table VI]. Complete
response (total resolution of pretreatment signs and
symptoms plus progressive improvement of chest
x-rays) also occurred more often in recipients of
the liposomal formulation in this study (44 vs 18%;
p = 0.03).

The empirical use of liposomal amphotericin B
for suspected fungal infections in immunocompro-

mised adults produced complete clinical resolution
(‘clinical cure’) or significant clinical improve-
ment in 50 to 87% of patients in noncomparative
studies (table VI). Definitions of clinical response
and ‘proven fungal infection’ varied widely in
these studies, as did patient inclusion criteria. Clin-
ical cure was generally defined as resolution of all
symptoms of infection, possibly including fever,
infected wounds, stomatitis, cough and chest infil-
trates. Most studies included heterogeneous pa-
tients with very different case histories and reasons
for enrolment.

The predominant underlying medical condi-
tion of patients in several of these studies was
neutropenia secondary to haematological malig-
nancy.[47,50,51] Other major underlying conditions
included neutropenia secondary to treatment for
solid tumours, bone marrow or peripheral blood
progenitor cell transplantation and organ (mainly
liver) transplantation.[35,47,49,54] One study[35] in-
cluded 12 patients with AIDS; however, use of the
drug in this population is discussed in section 3.2.1.
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In several studies, a large proportion of patients
(36 to 100%) had received conventional amphoter-
icin B before being switched to the liposomal drug
because of toxicity or progression of fungal infec-
tion.[35,49-52]

In the largest noncomparative study, 137 epi-
sodes of suspected fungal infection in 126 patients
were treated with liposomal amphotericin B.[35] Of
99 clinically evaluable patients (64 with proven
infection, 24 with presumed infection and 11 with
superficial fungal infection) who received the drug
for ≥8 days, 60% achieved clinical cure and a fur-
ther 21% improved clinically. Cure, in this study,
was defined as complete disappearance of all
symptoms, including infiltrates on x-ray and fever.
Improvement was defined as clearance of some,
but not all, symptoms.

Similarly, of 133 episodes of suspected or
proven mycosis among 116 patients in a large
retrospective analysis who received liposomal am-
photericin B, clinical resolution resulted in 61%
(table VI).[50] In 17 of 25 patients who deteriorated
and died despite liposomal amphotericin B treat-
ment, there was microbiological evidence of
Aspergillus in 8 patients and Candida in 9.

Compared with 72 historical controls (neutro-
penic patients with haematological malignancies
and febrile pulmonary infiltrates) who received
conventional amphotericin B or itraconazole (not
shown in table VI), 23 patients who received lipo-
somal amphotericin B for suspected Aspergillus
pneumonia experienced higher response rates and
lower lethality.[47] 89 and 68%, respectively, of
liposomal and conventional amphotericin B recip-
ients responded to initial treatment (or, for 1 lipo-
somal amphotericin recipient, a dosage increase)
[difference not statistically significant]. Mortal-
ity in the 2 groups was 5 and 32%, respectively
(p = 0.01).

High dose liposomal amphotericin B did not ap-
pear to be superior to lower doses in the treatment
of suspected or confirmed invasive aspergillosis in
neutropenic cancer patients according to prelimi-
nary data published in an abstract.[55] In a dose-
finding study, 68% of patients who received lipo-

somal amphotericin B 1 mg/kg/day, compared with
49% who received 4 mg/kg/day, had complete or
partial clinical response (n = 70). Corresponding
values for radiological response were 63 and 54%
(no statistical analyses reported).

Paediatric Patients
Paediatric patients (median age 7 to 14 years)

were included in both randomised[45] and non-
comparative studies.[51,52] Case reports and pub-
lished abstracts further document the use of lipo-
somal amphotericin B in immunocompromised
children, including those under 1 year.[56-59]

3.2 Efficacy Against Proven 
Fungal Infections

3.2.1 Cryptococcosis and Other Infections in
Patients with AIDS
Liposomal amphotericin B was active against

Cryptococcus infection (primarily cryptococcal
meningitis) in several small trials in patients with
AIDS (table VII). Mycological eradication was
complete in 67 to 85% of patients, including, in
some instances,[60-62] patients in whom previous
amphotericin B had been ineffective or unaccept-
ably toxic.

Urine, stool, blood, skin and oral secretion cul-
tures positive for C. neoformans cleared within 7
days’ therapy with liposomal amphotericin B in all
9 patients in 1 study.[2] The time to clearance of
CSF cultures generally appeared to be longer: CSF
cultures cleared in 1 patient after 14 days’ therapy,
whereas in 3 others cultures had not cleared after
42 days. Reported times to negative fungal CSF
cultures in other studies were 7 to 15,[60] 1 to 35
(mean 21)[61] and 7 to 36 (median 11) days.[62] No
proven clinical relapses occurred in either group
during ≥6 months’ follow-up.

In a small, randomised comparison in patients
with cryptococcal meningitis, liposomal ampho-
tericin B 4 mg/kg/day produced mycological eradi-
cation in 73% of patients, compared with a 38%
clearance rate in conventional amphotericin B 0.7
mg/kg/day recipients (21-day follow-up).[64] Lipo-
somal amphotericin B produced more rapid myco-
logical eradication than the conventional drug:

Liposomal Amphotericin B: A Review 597

 Adis International Limited. All rights reserved. Drugs 1998 Apr; 55 (4)



Kaplan-Meier estimates suggested median times to
CSF culture conversion of 7 to 14 versus >21 days
(p < 0.05).

Similarly, sterilisation of CSF was achieved af-
ter liposomal amphotericin B in 12 of 19 patients
who had positive CSF cultures for C. neofor-
mans.[62] Clinically, the majority of patients were
either cured or improved (63 and 11%, respec-
tively); 3 patients (16%) died of cryptococcosis, 2
within the first 2 weeks of therapy.

Extrapulmonary cryptococcosis is less common
in paediatric than adult patients with AIDS;[65]

however, a case report suggests that liposomal am-
photericin B may also be effective in this popula-
tion.[66]

Liposomal amphotericin B produced a good
clinical response and a remission of dysphagia in 3

of 6 patients with AIDS who had oesophageal Can-
dida infection which was previously unresponsive
to high doses of fluconazole, with or without addi-
tional topical antifungals (table VII).[63] In 6 other
patients with oesophageal candidosis,[61] dyspha-
gia and retrosternal pain disappeared 4 to 6 days
after the initiation of liposomal amphotericin B.

3.2.2 Proven Fungal Infections in 
Other Immunocompromised Patients
Data on the use of liposomal amphotericin B

against proven fungal infections in immuno-
compromised patients come mainly from non-
comparative studies, generally with few clinically
evaluable patients per organism (table VIII). How-
ever, 1 small comparative study is available (n = 66;
26 documented infections), in which liposomal

Table VII.  Summary of nonblind studies of liposomal amphotericin B (LAB) in patients (pts) with AIDS and confirmed Cryptococcus neoformans
or other fungal infections

Reference No. of
evaluable
pts

Primary pathogen 
(site of infection)

Treatment (mg/kg/day)a

[mean duration of
treatment; range
(days)]

Clinical outcome

clinical
cure 
(%)b

mycological
eradication
(%)c

Noncomparative studies
Codeluppi et al.[63]d 11 5 Cryptococcus (meningitis) LAB 1-2 [35] 100 NR

6 Candida (oesophageal) LAB 1-2 [16; 10-22]  50 NR

Coker et al.[62] 23 Cryptococcus (19 meningitis) LAB 3 [27; 2-43]  61 67

Lazar & Ksionski[60]d  9 Cryptococcus (8 meningitis; 1 CSF and pulmonary) LAB ≤3 [NR; 1-59]  89 75

Mota-Miranda et
al.[61]

20e 10 Cryptococcus (9 meningitis; 1 pulmonary)
7 Candida (oesophageal; 1 disseminated C. glabrata)
3 Aspergillus (pulmonary)

LAB 2-3 [17; 3-35]  85f 85f

Viviani et al.[2]  9 Cryptococcus (2 extraneural disease, 6 disseminated
with meningeal involvement, 1 meningitis refractory to
other antifungals)

LAB 3 [33; 21-42]  67 67

Randomised comparison with conventional amphotericin B (C-AmB)
Leenders et al.[64] 15 Cryptococcus (meningitis) LAB 4 [21]g 80 73h

13 Cryptococcus (meningitis) C-AmB 0.7 [21]g 86 38h

a Excluding initial dose titrations and test doses.

b Clinical cure, where defined, generally included disappearance of all signs and symptoms of infection.[2,61,62,64]

c Clearance of (initially positive) fungal cultures during treatment,[60] by the end of treatment[61] or in 2 consecutive cultures.[2,62,64]

d Abstract.

e 19 pts with AIDS and 1 immunocompromised pt with bladder neoplasm who had undergone prolonged treatment 
with broad spectrum antibiotics.

f ‘Cure’ in this study included both remission of clinical manifestations of infection and absence of positive fungal cultures.

g Followed by maintenance therapy with fluconazole 400mg daily for 7wk.

h Assessed at 21 days. At 14 days, 67 and 11%, respectively, of liposomal and conventional amphotericin B recipients had complete
mycological responses (p = 0.01).

Abbreviation: NR = not reported.
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amphotericin B 5 mg/kg/day produced higher
complete response rates than conventional ampho-
tericin B 1 mg/kg/day (64 vs 17%; p = 0.02).[53]

The identity of the fungal pathogens in this study
was not reported.

Candida Infections
Liposomal amphotericin B appears to be active

against both invasive and superficial infection by
Candida spp. Overall response rates (clinical cure
plus improvement) in patients with confirmed can-
didosis in noncomparative studies were 20 to 84%
(table VIII).

Of 25 patients with proven invasive candidosis,
19 (76%) were cured.[35] Correspondingly, myco-
logical eradication occurred in 83% of evaluable
patients.[35] In another study, mycological eradica-
tion of confirmed Candida infection occurred in
40% of evaluable patients (table VIII).[48]

Mucosal, oesophageal or gastrointestinal Can-
dida infection was cured by liposomal amphoteri-
cin B in 100% of patients in 2 studies (n = 6[35] and
3[68]). However, Candida was isolated in 11 of 48
other patients with oral candidosis, despite 7 days’
liposomal amphotericin B therapy, and in 3 of 5
patients who had not received prior systemic anti-

Table VIII.  Liposomal amphotericin B (LAB) in the treatment of proven fungal infections in immunocompromised patients (pts); nonblind,
noncomparative studies

Reference No. of confirmed fungal infections 
(site of infection/positive culture)

Clinical responsea 
(% of pts)

Mycological
eradication (%)

success failure

Berenguer et al.[46] 4 Aspergillus (3 pulmonary; 1 disseminated)  75  25 NR

4 Candida (2 fungaemia; 1 disseminated; 1 endocarditis)  25  75 NR

2 Rhizopus spp. (1 rhinosinusal; 1 surgical wound)  50  50 NR

Böhme & Hoelzer[47] 8 Aspergillus (pulmonary)  75  25 NR

Fisher et al.[67] 5 Aspergillus (4 sputum; 1 peritoneal fluid)  20  80 NR

Heinemann et al.[48]b 10 Aspergillus (NR) NR NR 60

90 Candidac (NR) NR NR 40

Krüger et al.[49] 2 Aspergillus (1 pulmonary; 1 sinus)   0 100  0

5 Candida (4 pulmonary/sepsis; 1 sepsis)  20  80 NR

Mills et al.[50] 21 Aspergillus (pulmonary)  62  38 NR

2 Candida (septicaemia)  50  50 NR

Ng & Denning[68] 17 Aspergillus (NR)  59  41 NR

6 Candidad (NR)  33  67 NR

4 other (2 rhinocerebral, 1 pulmonary zygomycosis; 
1 Cryptococcus neoformans meningitis)

 75  25 NR

Ringdén et al.[52] 3 Aspergillus (NR)  67  33 67

6 Candida (NR)  83  17 83

Ringdén et al.[35] 28 Aspergillus (24 pulmonary; 1 intracavitary fungus ball; 
1 hepatic; 1 endocardial; 1 air sinus)

 61e  39 41e

25 Candida (13 blood; 4 hepatic; 4 abdominal; 1 pulmonary; 
1 mediastinal; 1 air sinus and eye; 1 nasopharynx and face)

 84e  16 83e

11 others (7 Cryptococcus neoformans; 1 Mucor spp.; 
1 Coccidioides immitis; 1 Trichosporon capitatum; 1 NR)

100   0 78

a Response definitions varied between studies. Success includes pts with clinical cure or improvement.

b Abstract.

c In 54 other pts, relevance of a Candida isolate to systemic disease was unknown.

d Excludes 3 pts with mucosal candidosis.

e A statistically significant difference was detected between the complete clinical response rate of invasive candidosis and 
aspergillosis (76 vs 32%; p < 0.01) and also between rates of mycological eradication (p < 0.01).

Abbreviation: NR = not reported.
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fungal therapy, the clinical and microbiological
signs of oropharyngeal candidosis were not re-
solved by liposomal amphotericin B.[50]

Aspergillus Infections
Liposomal amphotericin B produced clinical

cure or improvement in 60 to 70% of patients with
confirmed invasive Aspergillus infection in most
studies (table VIII); however, numbers of con-
firmed infections in these noncomparative studies
were small. In 2 studies which included >20 pa-
tients with confirmed aspergillosis, clinical re-
sponses were observed in 61[35] and 62%[50] of
patients. Most Aspergillus infections were pulmo-
nary,[35,46,47,49,50] although small numbers of pa-
tients had other foci, including intracavitary fungus
ball,[35] sinusitis[35,49] and endocardial,[35] hepa-
tic[35] or disseminated infection.[46]

Of 28 proven invasive Aspergillus infections in
1 study, 9 (32%) were cured; this clinical cure rate
was significantly lower than that reported in the
same study for candidosis (76%; p < 0.01).[35]

Similarly, mycological eradication of Aspergillus
(41%) was lower than that of Candida (83%; p <
0.01). Of 10 confirmed Aspergillus infections in
another study,[48] liposomal amphotericin B pro-
duced mycological eradication in 6 (60%).

Results from the large retrospective analysis
discussed previously (section 3.1.2) indicate that
36 of 116 liposomal amphotericin B recipients had
suspected aspergillosis; 21 further patients had
confirmed Aspergillus infections.[50] Of these 21,
13 (62%) obtained complete or excellent partial
clinical and radiological resolution with lipo-
somal amphotericin B (table VIII). Of the 8 non-
responders, 4 had refractory malignancy and 4 died
before assessment of clinical efficacy was possible.
Median initial and day-14 ANCs were higher
among responders than nonresponders (ANCinitial

and ANC14days = 0.25 × 109 and 1.2 × 109 cells/L
for responders vs 0.1 × 109 and ≤0.2 × 109 cells/L
for nonresponders; p = 0.003 for both compari-
sons). Nevertheless, there were 8 patients in whom
signs of infection did not recur when the drug was
discontinued despite continued neutropenia.

A higher response rate (92%) and lower lethality
(41%) were seen among patients with suspected or
proven pulmonary Aspergillus infection who re-
ceived liposomal amphotericin B (n = 12) than in
historical controls (n = 17) who received itracon-
azole or conventional amphotericin B (41 and 59%,
respectively; p = 0.008 for both outcomes).[47]

However, the differences between the active treat-
ment and historical control groups, including a
longer median duration of neutropenia in the latter
group, limit the value of this finding.

Other Fungal Infections
Liposomal amphotericin B appeared to be ac-

tive against infections other than candidosis or as-
pergillosis (table VIII). A Fusarium pori myceto-
matous lesion improved in 1 patient, but cultures
remained positive despite 65 days of liposomal am-
photericin B treatment.[35] Three patients with
rhinocerebral zygomycosis [one identified as Rhi-
zopus arrhizus (oryzae)][69] responded to lipo-
somal amphotericin B; 1 with pulmonary zygo-
mycosis died despite treatment.[68,69]

Case reports suggest that liposomal amphoteri-
cin may also be effective in immunocompromised
patients infected by Fusarium spp.,[70,71] dissemin-
ated Histoplasma[72] and Curvularia spp.[73]

4. Therapeutic Use in 
Visceral Leishmaniasis

Liposomal amphotericin B, administered in a
variety of regimens over 7 to 21 days, is a generally
effective treatment for visceral leishmaniasis (kala
azar) in immunocompetent adults and children, in-
cluding those aged <2 years (table IX). In most
studies, 97 or 100% of patients experienced com-
plete response (clearance of Leishmania parasites
from bone marrow or splenic aspirates). With the
exclusion of 2 studies discussed below, variation of
the liposomal amphotericin B regimen, within the
studied dosage range (table IX), appeared to have
little effect on outcome. Few immunocompetent
patients in any study relapsed during 12 months’
follow-up.

Low response rates were reported in a study
of patients with either severe or pentavalent anti-
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monial-resistant disease (table IX).[78] In these pa-
tients, liposomal amphotericin B 3 to 5 mg/kg on
days 0, 3 and 10 was less effective than a longer
regimen (6 doses over 13 days) [complete response
rate 50 vs 88%].[78] Similarly, in a dose-ranging
study in children,[76] liposomal amphotericin B 3
mg/kg on days 1 to 3, 5 and 10 appeared to be less

effective than the same dose administered on days
1 to 5 and 10 (statistical comparison not per-
formed). Furthermore, in both these studies, sev-
eral patients who did not achieve good initial clin-
ical response did respond to additional liposomal
amphotericin B.[76,78] It should be noted, however,
that patients with severe disease (body mass index

Table IX.  Summary of studies of liposomal amphotericin B (LAB) in patients (pts) with visceral leishmaniasis; nonblind studies in immuno-
competent patients infected with Leishmania infantum, unless otherwise indicated

Reference
(study design)

No. of
evaluable
pts

LAB dose
(mg/kg/day) [days
administered]

Clinical outcome Comments

complete
response
(% of pts)a

time of
assessment
(days)

relapse
(% of pts)

duration of
follow-up
(mo)

Davidson et al.[74]

(mc)
10 1-1.38 [1-21] 100 21   0 12 Group included 6 children; objective

response assessed in 5 pts

10 3 [1-10] 100 21   0 12 Group included 9 children; objective
response assessed in 10 pts on
microscopy, 3 on culture

11 100mgb [1-21]  82 21  82 NR Immunocompromised (HIV-infected)
adults; relapses occurred between 2
and 22mo

Davidson et al.[75]

(mc)
13 4 [1-5,10] 100 21   0 12 Group included 10 children; 3 pts

lost to follow-up

42 3 [1-5,10] 100 21   0 12 Group included 26 children

32 3 [1-4,10]  97 21   9 12 Group included 19 children

 1 3 [1-3,10] 100 21   0 12

di Martino et al.[76]

(mc)
11 1 [1-21] 100 21   0 12 Pts were children, mean age 2.2y

13 3 [1-10] 100 21   0 12 Pts were children, mean age 2.3y

66 3 [1-5,10] 100 21   2c 12 Pts were children, mean age 3.0y

16 3 [1-3,5,10]  94c 21  20c 12 Pts were children, mean age 2.7y;
relapses occurred 3mo after
treatment

Russo et al.[77]

(mc)
 8 4 [1-5,10,17,24,

31,38]
 88 45 100 NR Immunocompromised (HIV-infected)

adults; relapses occurred between 2
and 7mo

Seaman et al.[78] 16 3-5 [0,3,10]  50d 21 NR NR Sudanese pts with L. donovani; all
had SbV-resistant or severe disease;
median age 8.5y

16 3-5 [0,3,6,8,10,13]  88 21 NR NR As above; median age 18y

12 4-5 [0,2,5,7]  64 14 NR NR Sudanese pts with L. donovani;
median age 10.5y

Thakur et al.[79]

(r)
10 2 [1-6,10] 100 24   0 12 Indian pts with L. donovani

10 2 [1-4,10] 100 24   0 12 As above

10 2 [1,5,10] 100 24   0 12 As above

a Negative culture and microscopy on repeat bone marrow or spleen aspirate.

b A fixed dose, not based on pt weight, was used.

c Pts in this study who failed to respond to initial treatment (1) or relapsed within 12 months’ follow-up (4) were cured with 
additional LAB.

d Three further pts achieved complete response with additional LAB.

Abbreviations: mc = multicentre; NR = not reported; r = randomised; SbV = pentavalent antimonial compounds.
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<13 in adults, age >50 years, bleeding, intractable
vomiting or moribund condition) may respond dif-
ferently to treatment than patients with antimonial-
resistant disease (i.e. patients who relapse after, or
have incomplete response to, combined SbV and
aminosidine treatment). Therefore, caution must
apply when grouping these 2 patient subsets to-
gether.

Symptomatic improvement was generally rapid
after the initiation of liposomal amphotericin B in
patients with visceral leishmaniasis.[74-76,79] Most
patients reported improved appetite and well-being
by the third day of treatment.[75] Objective signs
also improved rapidly: splenomegaly decreased
and elevated erythrocyte sedimentation rate (ESR)
fell by days 5 to 7,[74-76] haemoglobin concentra-
tion and platelet count increased by days 5 to 14
and peripheral blood leucocyte count by days 5 to
7.[74,76] Serum albumin (<35 g/L in most patients
before treatment) rose toward normal values by day
5[75] or days 10 to 14.[74] Fever receded or was ab-
sent by day 3 in most patients in whom it had been
present initially.[76]

In immunocompromised adults, liposomal am-
photericin B administered over 21 to 38 days pro-
duced good initial clinical and parasitological re-
sponses (table IX), albeit more slowly than in
immunocompetent individuals;[74] however, the
majority of patients relapsed after the end of ther-
apy.[74,77]

5. Tolerability

Liposomal amphotericin B is well tolerated
by the majority of patients. Generally, the drug
was discontinued because of suspected adverse
events in 0 to <5% of patients in clinical stud-
ies.[49,74,75,77,80] 

The tolerability profile of liposomal amphoter-
icin B is clearly superior to that of conventional
amphotericin B. Recipients of the liposomal for-
mulation experience fewer adverse events and
fewer severe adverse events than recipients of the
conventional formulation (fig. 3). In a comparative
study, liposomal amphotericin B 1 and 3 mg/kg/
day was discontinued or dose-reduced in 7.6 and

5.1% of patients, respectively, compared with
34.3% of patients who received conventional am-
photericin B 1 mg/kg/day (p < 0.01).[45] Adverse
events commonly associated with conventional
amphotericin B, including renal tubular damage,
potassium wasting, mild anaemia and infusion-
related reactions such as fever, chills, rigors, nau-
sea and vomiting,[1,81] were significantly reduced
in liposomal amphotericin B recipients.[44,45] Even
patients who had previously experienced adverse
events with the conventional formulation have
been able to tolerate the liposomal formulation.[82]

5.1 Nephrotoxicity and Hypokalaemia

Liposomal amphotericin B recipients experi-
enced nephrotoxicity less often (fig. 3)[44,45] and
later[45] than those receiving conventional ampho-
tericin B in comparative studies. Nephrotoxicity,
defined as twice the baseline serum creatinine level
in paediatric patients or twice the baseline and
>106 µmol/L (>1.2 mg/dl) in adults, occurred in
19% of liposomal amphotericin B recipients com-
pared with 34% of patients who received the con-
ventional drug in a large, double-blind, randomised
study.[44]

Changes in serum creatinine levels did not ap-
pear to correlate with cumulative dose of liposomal
amphotericin B during 121 episodes of use at
cumulative doses relatively evenly distributed over
<1 to >5g.[82] Concomitant nephrotoxic drug use
also appeared to have little effect on increases or
decreases in serum creatinine. Among patients who
received conventional amphotericin B before re-
ceiving the liposomal formulation, 13% with nor-
mal initial serum creatinine levels had increases
during liposomal amphotericin B therapy, but 41%
with high initial concentrations had decreases.[82]

No clinically significant increase in serum urea
or creatinine levels occurred in 116 patients who
received liposomal amphotericin B for a median 12
days (median dose 1684mg, range 180 to 10
440mg).[50] In 187 patients receiving concomitant
cyclosporin A, mean serum creatinine level in-
creased 20% from baseline after the start of lipo-
somal amphotericin B therapy, but this increase
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was not statistically significant (median dura-
tion of liposomal amphotericin B treatment, 11
days).[80]

5.2 Hypersensitivity and Infusion Reactions

The incidence of infusion-related fever and
rigors is significantly lower after liposomal am-
photericin B than after the conventional formula-
tion.[44,45] Compared with conventional amphoter-
icin B recipients, patients who received liposomal
amphotericin B experienced fewer episodes of in-
fusion-related fever (44 vs 17%), chills or rigors
(54 vs 18%) and cardiorespiratory events (dys-
pnoea, hypotension, tachycardia, hypertension and
hypoxia; 46 vs 13%) [p < 0.01 for each compari-

son].[44] Allergic reactions occurred during 27 of
1146 and 25 of 3431 doses, respectively, of con-
ventional and liposomal amphotericin B (2 vs
0.7%; p < 0.01).

First-dose reactions (chills and rigors) were
among the most common adverse events in a
randomised comparison of liposomal and conven-
tional amphotericin B; however, the specific inci-
dence of these reactions with either drug was not
reported.[45] Anaphylaxis occurring within less
than 1 minute of the first infusion of liposomal
amphotericin B has been reported in several pa-
tients.[83,84] Symptoms resolved after the infusion
was stopped, with or without supportive medica-
tions. Acute dyspnoea and chest tightness (not ac-

Incidence (% of patients)

 All drug-related events

 Severe drug-related events

0 10 20 30 40 50

*

*

*

*

Nephrotoxicity

(>100% increase in


baseline serum creatinine)

Hypokalaemia

(<2.5 mmol/L)

LAB 1

LAB 3

C-AmB 1

Fig. 3.  Overall incidence and incidence of selected adverse events in febrile neutropenic recipients of liposomal amphotericin B 1
mg/kg/day (LAB 1), 3 mg/kg/day (LAB 3) or conventional amphotericin B 1 mg/kg/day (C-AmB 1) [n = 118, 118 and 102, respec-
tively].[45] * p < 0.01 between conventional and liposomal amphotericin B.
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companied by other symptoms) occurred during
the first 15 minutes of the initial liposomal ampho-
tericin B infusion in 2 patients; symptoms disap-
peared within minutes of stopping the infusion.[85]

Mild to severe hypersensitivity reactions have also
occurred in patients after 2 to 7 liposomal ampho-
tericin B infusions.[86,87] Because in many in-
stances these reactions occur during the first infu-
sion in patients who had previously tolerated
conventional amphotericin B, it seems likely that
they represent a hypersensitivity to the liposomal
formulation.

Ventricular fibrillation and fatal cardiac arrest
during the seventh dose of liposomal amphotericin
B (200mg over 3 hours) has also been reported in
1 patient.[88]

5.3 Other

Liposomal amphotericin B has been associated
with increases in the levels of liver enzymes. Alk-
aline phosphatase and aspartate aminotransferase,
respectively, increased and, in some instances,
became elevated in 22 and 17% of liposomal am-
photericin B recipients; however, these patients
may have been predisposed to elevations of liver
enzymes by other medications and underlying
diseases.[82] No differences were noted between
conventional and liposomal amphotericin recipi-

ents (n = 102 and 236) in the incidence of elevated
serum bilirubin, alkaline phosphatase or serum
transaminase levels.[45] Although hepatotoxicity
of liposomal amphotericin B has been reported
in mice and rats,[30] similar reactions in humans
have not been noted. 

Normocytic, normochromic anaemia, which de-
velops in most patients during conventional am-
photericin B therapy,[81] appears to occur in fewer
than 10% of liposomal amphotericin B recipi-
ents.[34]

5.3.1 Increased Cyclosporin Levels
Concomitant administration of liposomal ampho-

tericin B and cyclosporin in 187 transplant patients
resulted in increased cyclosporin levels (from
mean 275 µg/L before, to 328 µg/L during, lipo-
somal amphotericin B treatment; p < 0.001).[80]

6. Dosage and Administration

The recommended dosage and administration
schedules for liposomal amphotericin B are sum-
marised in table X. Dose is based on bodyweight,
and adult and paediatric dosage recommendations
are identical. The drug is administered by slow
intravenous infusion. Premedication is of ques-
tionable benefit with conventional amphoteri-

Table X.  Recommended dosage and administration of liposomal amphotericin B in adult and paediatric patients

US[34] UK[91]

Dosage (mg/kg/day)
Empirical antifungal treatment 3a

Proven systemic fungal infections (Aspergillus, Candida,
Cryptococcus)

3-5a 1-3ab

Visceral leishmaniasis: immunocompetent patients 3 on days 1-5, 14, 21c 21-30 mg/kg over 10-21 days

Visceral leishmaniasis: immunocompromised patients 3 on days 1-5 and 4 on days 10, 17, 24,
31, 38

Administration
Administered intravenously over 60-120min in a concentration of 1-2 mg/mld (US)[34] or over 30-60min in 0.2-2.0 mg/ml (UK)[91]

Premedication is generally not required

The liposomal formulation is physically incompatible with saline solutions and other electrolytes

a The optimum duration of antifungal therapy is not well defined.

b A 1 mg/kg/day initial dose is recommended, increased stepwise to 3 mg/kg/day as necessary.

c If parasites are not cleared, a repeat course of therapy may be useful.

d Concentrations of 0.2-0.5 mg/ml may be appropriate in children.
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cin B[89,90] and is not required with the liposomal
drug.

In the empirical management of patients with
fungal infections, clinical studies have used daily
doses from 0.5 to 5 mg/kg/day (section 3). A dos-
age of 3 mg/kg/day was effective in comparative
studies. The optimum duration of empirical lipo-
somal amphotericin B in these patients is not known.
At present, there is no recommended maximum
cumulative dose of liposomal amphotericin B. In
neutropenic patients, treatment is generally contin-
ued to recovery of neutrophil counts. In patients
with AIDS and Cryptococcus neoformans infec-
tion, liposomal amphotericin B has been adminis-
tered at 2 to 4 mg/kg/day (section 3.2.1).

No dosage recommendations are available for
fungal prophylaxis with liposomal amphotericin B
in immunocompromised patients, but a 1 mg/kg
daily dose has been studied in both liver transplant
and BMT recipients (section 3.1.1)

In the treatment of visceral leishmaniasis, it is
recommended that a total dose of intravenous lipo-
somal amphotericin B of 21 to 30 mg/kg be admin-
istered over 10 to 21 days (table X).[91,92] A variety
of regimens have been used in clinical studies (sec-
tion 4).

Although use of the drug in paediatric patients
has been studied (section 3), safety and effective-
ness have not been established in infants below the
age of 1 month.[34] However, in neonates of very
low birth weight, the drug has been used at an ini-
tial dosage of 1 mg/kg/day, increased after a week
to 1.25 mg/kg/day.[93] Other investigators have
used dosages of 1.5 to 5[94] or 3 to 7 mg/kg/day[95]

in 2 and 14, respectively, very low birth weight
infants with disseminated fungal infections.

Dosage adjustment in patients on continuous
venous-venous haemofiltration or haemodiafiltra-
tion appears to be unnecessary (section 2); how-
ever, administration of liposomal amphotericin B
should begin only after the completion of dialy-
sis.[91]

7. Pharmacoeconomic Implications of
Liposomal Amphotericin B

The acquisition cost of liposomal amphotericin
B is substantially higher than that of the conven-
tional formulation (£145 vs £3.70 for 50mg; 1997
UK prices).[96]

Using clinical data from 9 published studies in
immunocompromised patients with proven fungal
infections, Tollemar and Ringdén[97] calculated the
mean acquisition cost of liposomal amphotericin B
per course. Mean cost per patient per course in
these studies ranged from $US3248 to $US20 416
(median $US12 992) [1995 UK costs]. However,
as discussed previously (section 3), fungal infec-
tion is difficult to diagnose and only a small pro-
portion of patients who receive empirical anti-
fungal therapy have proven fungal infections.
Therefore, acquisition cost of the drug per patient
with proven fungal infection may be a less useful
measure than acquisition cost per patient with sus-
pected fungal infection (i.e. acquisition cost of the
drug per course of empirical use).

Two cost-effectiveness analyses (both from the
hospital perspective) compared the use of lipo-
somal and conventional amphotericin B in im-
munocompromised patients.[98,99] In a Swedish
retrospective comparison of liposomal and con-
ventional amphotericin B in the treatment of
proven systemic mycoses in bone marrow, liver or
kidney and/or pancreas transplant recipients, sav-
ings produced by liposomal amphotericin B (in-
cluding increased life expectancy and reduced tox-
icity) were not enough to offset the acquisition cost
of the drug.[98] It was concluded that use of lipo-
somal amphotericin B was associated with an extra
cost of about SEK150 000 per life-year gained in
recipients of bone marrow or kidney and/or pan-
creas transplants (1991 currency; $US1 = SEK6).
In patients who received liver transplants, the extra
cost was estimated at SEK195 000. These amounts
were comparable to accepted costs per year of life
saved with other medical and nonmedical interven-
tions.[98] Efficacy rates used in calculations in this
study were based on mean survival rates in Swe-
den, discounted at 5% for each additional year of
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life gained. Costs considered included standard
cost per treatment day plus cost of antifungal ther-
apy and other expensive drugs estimated sepa-
rately. It must be noted that patients in the conven-
tional amphotericin B group in this study were
historical controls, having been treated mostly in
1987 to 1989. Patients who received the liposomal
formulation were generally treated during 1989 to
1991. However, the authors state that the improved
survival is likely to be a result of the change in
antifungal treatment, as no major improvements in
patient or graft survival were obtained during the
study period. 

A Dutch model of cost effectiveness, published
in abstract form,[99] showed that initial therapy
with liposomal amphotericin B in neutropenic
adults with presumed fungal infections may cost
more per complete cure than initial therapy with
the conventional formulation. Three regimens
were compared, each consisting of initial antifun-
gal therapy followed, if unsuccessful, by a second-
line regimen. Conventional amphotericin B fol-
lowed by liposomal amphotericin B 1 mg/kg/day
cost $13 674 per cure after 15 days. Initial therapy
with liposomal amphotericin B 1 mg/kg/day (in-
creased if necessary to 3 mg/kg/day) cost $15 509
per cure; initial liposomal amphotericin B 3 mg/kg/
day (increased if necessary to 5 mg/kg/day) cost
$20 024.[99] These cost differences are primarily a
result of the higher acquisition cost of the lipo-
somal formulation. Although unstated, the cur-
rency reported in this study was presumably $US;
the year of costs was not reported. These estimates
assume efficacy for the 3 initial regimens of 46, 49
and 64%, respectively, and efficacy of 58% for all
second-line regimens.

In contrast with the finding in adults, the same
model applied to paediatric patients suggested that
the regimen of liposomal amphotericin B 1 mg/kg/
day (increased as necessary to 3 mg/kg/day) was
most cost effective.[99] In this analysis, first-line
efficacy estimates for the 3 regimens were 51, 46
and 63%, respectively; the same second-line effi-
cacy estimate (58%) was used for all regimens.[99]

In both adults and children, however, an initial dose

of liposomal amphotericin B 1 mg/kg/day is lower
than that recommended in the US (table X).

The cost of liposomal amphotericin B prophy-
laxis (2 mg/kg 3 times per week) against oro-
pharyngeal fungal colonisation or infection in
BMT recipients was higher than the cost of ei-
ther oral fluconazole or oral polyenes over the 12-
week post-transplant period (£53 225, £28 956 and
£32 768, respectively).[100] This cost-minimisation
model was conducted from the perspective of the
UK National Health Service (1995). It was based
on retrospective efficacy data from noncompara-
tive studies, and the time of onset of colonisation
was assumed to be evenly distributed across the
12-week period. Costs included were those related
to hospitalisation and treatment, including medica-
tion administration costs and the cost of acute an-
tifungal treatment (conventional and liposomal
amphotericin B in 75 and 25% of patients, respec-
tively) in patients for whom prophylaxis was un-
successful. Sensitivity analysis showed that lipo-
somal amphotericin B remained a more expensive
prophylactic regimen, even when efficacy of lipo-
somal amphotericin B was varied between 0 and
100% and when the acquisition cost of the drug was
assumed to be zero. This result, although counter-
intuitive, reflects the assumption made in this
model that failure during liposomal amphotericin
B therapy resulted in a change to a medication with
a lower acquisition cost.

No studies have examined the pharmacoecono-
mic implications of liposomal amphotericin B use
in patients with visceral leishmaniasis.

8. Place of Liposomal Amphotericin B in
the Management of Fungal Infections
and Visceral Leishmaniasis

Incorporation of amphotericin B into unilamel-
lar liposomes significantly ameliorates the toxicity
of the parent drug, permitting the administration of
well tolerated and effective dosage regimens. Lipo-
somal amphotericin B is active in vitro and in vivo
against Leishmania parasites and a variety of fun-
gal organisms. 

606 Coukell & Brogden

 Adis International Limited. All rights reserved. Drugs 1998 Apr; 55 (4)



Fungal Infections. Worldwide, the prevalence
of fungal infection, especially by opportunistic or-
ganisms [principally Candida albicans, Aspergil-
lus fumigatus, Cryptococcus neoformans and Rhi-
zopus arrhizus (oryzae)], is increasing.[1,101-103]

The rate of infection by the true pathogenic fungi,
including Histoplasma capsulatum, Coccidioides
immitis, Blastomyces dermatitidis and Paracocci-
dioides brasiliensis,[101] is also increasing. In the
US, the rate of fungal infections nearly doubled
between 1980 and 1990 (from 2 to 3.8 infections
per 1000 hospital discharges).[103] Some reasons
for this increase are summarised in table XI.

Morbidity and mortality secondary to invasive
fungal infections in immunocompromised pa-
tients are high. Haematogenous Candida infection
causes death in 38 to 76% of infected pa-
tients.[104,105] Survival of patients with invasive As-
pergillus infection ranges from 0 to 35%.[106]

Cryptococcus infection is rarely cured in patients
with AIDS;[107] cryptococcal meningitis has been
associated with 7 to 29% mortality,[108] and long
term maintenance therapy is routine in patients
who respond to initial therapy.[107] 

Management of invasive fungal infections is
complicated by difficulties in obtaining precise
and timely diagnoses (section 3). In neutropenic
patients with persistent fever (≥72 hours), not re-
sponding to antibacterial therapy, antifungal ther-
apy should be initiated without delay.[1,101]

For suspected or proven invasive fungal infec-
tions in neutropenic patients, conventional ampho-
tericin B remains – 30 years after its introduction

– the treatment of choice for many invasive clinical
infections,[1,3,109] but its use is limited by its poor
tolerability profile. Fluconazole and other azoles
may have a role in the management of several infec-
tions, particularly in maintenance therapy.[110,111] 

Empirical use of liposomal amphotericin B pro-
duced clinical improvement in a majority of pa-
tients with suspected or proven infections in non-
comparative studies and has been shown, in
randomised comparative studies, to be as effective
as conventional amphotericin B.

Against proven fungal infections, liposomal
amphotericin B produced clinical cure or improve-
ment in 20 to 80% of patients in most studies. My-
cological eradication rates of 41 and 60% against
invasive Aspergillus infections and 40 and 83%
against invasive Candida in immunocompromised
patients have been reported in relatively large stud-
ies. Mycological cure in 67 to 85% of Cryptococ-
cus infections in patients with AIDS appears ex-
tremely promising, and limited comparative data
suggest that the drug may be more effective than
conventional amphotericin B in these patients. De-
spite the noncomparative nature of most of these
data, and the small sample sizes in most studies,
liposomal amphotericin B may be considered a
good choice for systemic antifungal therapy in pa-
tients with proven fungal infections who are unable
to tolerate, or do not respond to, therapy with con-
ventional amphotericin B. Whether liposomal am-
photericin B has advantages over other available
lipid-based amphotericin B formulations is, as yet,
unknown.

Prophylaxis with systemic antifungal drugs in
immuocompromised patients may reduce or delay
the development of fungal infections; however,
it may also encourage the emergence of drug-
resistant strains.[101] Moreover, a recent meta-
analysis[112] was unable to demonstrate any con-
vincing benefit for prophylactic or empirical
antifungal therapy in patients with cancer compli-
cated by neutropenia. 

Prophylactic therapy with liposomal amphoter-
icin B in immunocompromised patients appears to
reduce the incidence of proven fungal infections

Table XI.  Factors contributing to an increased prevalence of fungal
infections[102]

Increased numbers, and overall survival, of patients with AIDS

More aggressive cancer chemotherapy, including increased
bone marrow transplantation

Increased numbers of solid organ transplants

Greater numbers of other immunocompromised patients

More aggressive intensive care medicine

Increased usage of broad spectrum antibiotics

Increased exposure of persons to foci of endemic mycoses as a
result of international travel

Increased use of parenteral nutrition and lipid suspensions
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and fungal colonisation compared with placebo;
however, no survival benefit has been demon-
strated. Therefore, routine antifungal prophylaxis
with the drug cannot be recommended.

The acquisition cost of liposomal amphotericin
B is considerably higher than that of the conven-
tional formulation (section 7). Cost-effectiveness
analyses of empirical liposomal amphotericin B
therapy in immunocompromised patients with sus-
pected fungal infections suggest that savings asso-
ciated with reduced toxicity and increased efficacy
of the liposomal formulation did not offset its in-
creased costs. However, 1 model suggested that
initial use of the liposomal formulation in children
may cost less per complete cure than use of the
conventional formulation. Interestingly, despite
the improved tolerability profile of liposomal am-
photericin B compared with conventional ampho-
tericin B (section 5), no quality-of-life analyses
have yet been conducted.

Visceral Leishmaniasis. Infections caused by
Leishmania spp. are prevalent in regions where
sandfly vectors and mammalian reservoirs are
present in adequate numbers to facilitate transmis-
sion of the parasite.[4,113] L. infantum infection oc-
curs sporadically in the Mediterranean region, par-
ticularly in children and immunocompromised
patients. Visceral leishmaniasis caused by L. dono-
vani is epidemic in Sudan and India and endemic
in parts of China.[4,113,114] Elsewhere, other species
are also implicated, including L. major and L. cha-
gasi. Large outbreaks in South America have been
attributed to the latter organism. Worldwide, at
least 100 000 cases of visceral leishmaniasis were
estimated to exist in 1992,[115] and the global inci-
dence is increasing.[4,114]

Symptomatic visceral leishmaniasis (kala azar)
is commonly fatal if untreated; even with treat-
ment, 1 to 11% of patients may die.[4] Pentavalent
antimonial compounds, including meglumine anti-
moniate and sodium stibogluconate, have long
been the standard treatment for visceral leishmani-
asis.[4,114] These drugs, however, require long treat-
ment courses (3 to 5 weeks) to be effective, and are
increasingly associated with microbial resistance

and treatment failure.[113] Cure rates range from 57
to 100%, with relapse occurring in up to 22% of
patients within 6 months. Treatment-induced toxi-
cities, including chemical pancreatitis, myalgias,
arthralgias, abdominal symptoms and headache,
are common, but not usually treatment limit-
ing.[4,113] Conventional amphotericin B has been
studied in patients with visceral leishmaniasis, but
its use has been limited by the high incidence of
toxicities.[4]

Although no comparative data with either con-
ventional amphotericin B or the pentavalent anti-
monials are available, complete response rates as-
sociated with liposomal amphotericin B appear
promising (section 4). In several studies, cure rates
in immunocompetent patients approached 100%.
Complete response rates were lower in immuno-
compromised patients and in those with severe
visceral leishmaniasis or pentavalent antimonial-
resistant disease. Relapse up to 1 year is rare in
immunocompetent patients, but common in pa-
tients with AIDS. Furthermore, the drug appears to
have significant clinical activity in patients with
visceral leishmaniasis that is resistant to penta-
valent antimonial agents. Therefore, liposomal am-
photericin B represents a suitable choice for first-
or second-line therapy of visceral leishmaniasis.

Pharmacoeconomic analyses of liposomal am-
photericin B use in patients with visceral leishma-
niasis have not been conducted. Given the high
rates of poverty in some of the countries where the
disease is endemic,[78] the high acquisition cost of
the drug may limit its use.

Tolerability.  In patients with suspected or
proven fungal infections or visceral leishmaniasis,
liposomal amphotericin B is generally very well
tolerated. Discontinuation because of adverse
events is generally necessary in fewer than 5% of
patients. Compared with the conventional drug, the
liposomal formulation is very well tolerated. Neph-
rotoxicity, in particular, occurs far less often after
liposomal amphotericin B than after the conven-
tional drug. Hypokalaemia, anaemia and infusion
reactions are also less common after liposomal am-
photericin B.
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Conclusion. Liposomal amphotericin B ap-
pears to be an effective alternative to conventional
amphotericin B in the management of fungal infec-
tions, particularly invasive Candida and Aspergil-
lus infections, in immunocompromised patients.
Liposomal amphotericin B is also clearly effective
against C. neoformans infections in patients with
AIDS. The chief advantage of the liposomal drug
is its greatly improved tolerability profile com-
pared with conventional amphotericin B. Lipo-
somal amphotericin B is more costly than the con-
ventional formulation and pharmacoeconomic
considerations will undoubtedly affect how it
is used in clinical practice. Nevertheless, cost im-
plications aside, liposomal amphotericin should
be preferred to conventional amphotericin B in
the management of suspected or proven fungal in-
fections in immunocompromised patients with
pre-existing renal dysfunction, amphotericin B–
induced toxicity or failure to respond to conven-
tional amphotericin B. Liposomal amphotericin B
may also be considered a reasonable first- or sec-
ond-line regimen in the management of visceral
leishmaniasis in immunocompetent patients.
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