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Summary

Synopsis Incorporation of amphotericin B into small unilamellar liposomes (AmBi@t)me
alters the pharmacokinetic properties of the drug, but allows it to retain signifi-
cantin vitro andin vivo activity against fungal species, includi@andida
Aspergillusand Cryptococcusand parasites of the genusishmania

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 prove@andidainfections and 41 and 60% with prov&spergillus
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 &ishmaniacells. Liposomal am-
photericin B (AmBisom@) — 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 vitro andin vivo against a variety of
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Pharmacokinetics

Therapeutic Use in
Fungal Infections

Therapeutic Use in
Visceral Leishmaniasis

pathogenic fungi antleishmaniaspecies. In rodent models G&ndida Asper-

gillus andCryptococcusnfection, 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.

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.

Liposomal amphotericin B fungal prophylaxis was more effective than placebo
inimmunocompromised 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 invasiv@andidaandAspergillusinfection 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 Asthergillusinfec-
tion and 40 and 83% of patients infecteddgndidaspp. 67 to 85% of patients
with AIDS and cryptococcal infection (primarily meningitis) who received lipo-
somal amphotericin B achieved mycological eradication.

Liposomal amphotericin B is an effective treatment for visceral leishmaniasis
(kala aza) 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 Liposomal amphotericin B is administered as a single daily dose by slow intra-
Administration 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 The acquisition cost of liposomal amphotericin B is considerably higher than that
Implications of of the conventional formulation. Because of this, the prophylactic use of lipo-
Liposomal somal amphotericin B may be difficult to justify. One cost-effectiveness analysis
Amphotericin B 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- (Ambisomé) alters the pharmacokinetic profile of
biotic derived fromStreptomyces nodosBsAd-  the drug, leading to changes in tissue distribution,
ministered in its conventional formulation — that is, antifungal activity and, importantly, tolerability.
complexed with deoxycholate — it remains the drug Several lipid-based formulations of amphoteri-
of choice for many fungal infections and has beertin B exist; however, only 1 available formulation
studied in the treatment of visceral leishmaniasis— that reviewed in this article — may truly be de-
However, use of the conventional formulation isscribed as liposomal amphotericin B (table I). This
limited by its poor tolerability profile. product is a lyophilised formulation consisting of

Incorporation of amphotericin B into liposomes liposomal amphotericin B incorporated into small,
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unilamellar liposomes (mean diameter <100nm)sulforhodamine dye (with or without amphotericin
composed of hydrogenated soy phosphatidylchoB) fluoresced brightly at sites of fungal infection.
line, cholesterol and distearoyl phosphatidyl-Both empty and amphotericin B—containing lipo-
glycerol combined in a molar ratio of:2: 0.8.  somes bound as intact liposomesQandida al-
Liposomal amphotericin B is administered intra- hicansin suspensioff]
venously, and dosage is always expressed in terms The binding of amphotericin B liposomes to
of amphotericin B content. fungal cells leads to cell death. Initially, both
amphotericin B liposomes and empty liposomes
bound toC. albicanscells in suspensiofl. After

1.1 Mechanism of Action of Amphotericin B 15 hours’ incubation, however, disruption of the

drug-containing liposomes had occurred, and the

Amphotericin B acts by binding to ergosterol, fungus showed a loss of viability. In contrast,
the principal stero_l in the memt_)ra_ne of_ susceptibleempty liposomes remained intact and did not re-
fungal and parasite celfs!l This impairs mem- 0o fungal viability. Similar results were ob-

brane function, _causmg metabolic d'Sturbance’served in cultures oEandidainfected murine
loss of cell constituents and, eventually, cell death,

: ; e eritoneal macrophagés.

Liposomal encapsulation of amphotericin B aI—p phag
tgrs the pharmacokinetic profile of the drug (S?C' 1.1.1 Effects on Neutrophils and Lymphocytes
tion 2), but does not appear to alter its mechanism  Effective phagocytic cell function is often cru-
of antifungal activity. N ~cial for successful antifungal therapy. It is there-

In vitro andin vivo, amphotericin B remains fore of interest that higher concentrations of lipo-
closely associated with the liposome structureggmal than conventional amphotericin B are
Whereas conventional amphotericin BU&/mI)  oqyjired to reduce neutrophil phagocytic func-
incubated with red blood cells caused 95% cell lyjq, (6] |1 i vitro cell cultures, liposomal ampho-
sis, the Ilpospmallformulatllo'n (1y/mi), incu- tericin B, at concentrations20 mg/L, caused a
ba’ged under |glent|cal gondltlons, cagged only 5%significant reduction in neutrophil uptake®f al-
lysis, suggesting that little amphotericin B (<1%) bicans blastospheres. Similar effects were seen
was released from the liposoni@sSimilarly, P '

amphotericin B was not released from Iiposomeé’_‘”th conventional amphotericin B at concentra-
in circulation: 1 to 24 hours after injection of ions21 mg/L. _
[14C]phosphatidylcholine-containing liposomal Similarly, clinically relevant concentrations of
amphotericin B into mice, the ratio of drugitc ~ amphotericin B (0 to 16 mg/L) impaired vitro
in plasma remained near 1 (range 0.91 to 1518). proliferation of B- and T-lymphocytes from im-
Intact liposomes accumulate at sites of fungalmune-normal and immunocompromised mice, but
infection. Sectioned tissues from mice killed 17 the same concentrations of liposomal amphotericin
hours after treatment with liposomes containingB did not affect immune functioil

1. Pharmacodynamics

Table I. Comparative properties of amphotericin B formulationg?3

Particle properties Conventional Liposomal amphotericin B Amphotericin B Amphotericin B lipid complex
amphotericin B (AmBisome®) colloidal dispersion

Shape Micelle Liposome Lipid disc Lipid sheet

Size (nm) <25 90 100 500-5000

Lipid/carrier Deoxycholate Cholesterol soy lecithin plus Cholesteryl sulphate Dimyristoylphosphatidylcholine plus

composition distearoylphosphatidylcholine dimyristoylphosphatidylglycerol

Amphotericin 340 100 50 330

concentration (mol/L)

0 Adis International Limited. All rights reserved. Drugs 1998 Apr; 55 (4)
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1.2 Overview of Antimicrobial Activity to toxicity, but survival improved in mice treated
with low and intermediate doses of liposomal am-
1.2.1 Antifungal Activity photericin B and conventional amphotericin B

Encapsulation of amphotericin B in liposomes compared with that in untreated and fluconazole-
did not appear to reduce its activity against fungakreated micé'12l No difference in survival was
isolatedn vitro (table I1). Indeed, minimum inhib- detected between mice treated with low or interme-
itory concentrations of the liposomal drug werediate dose liposomal amphotericin B or conven-
generally one dilution lower than those of conven-tional amphotericin Bt112]
tional amphotericin B. Howevem vitro fungal Similarly, liposomal amphotericin B 8 to 30 mg/
susceptibility testing may not reliably predict the kg/day was as effective as conventional amphoteri-
clinical activity of antifungal drug8:®) Because of cin B 1 or 2 mg/kg/day in prolonging survival in
this, and because clinical assessment of antifungalmmunosuppressed mice infected with amphoteri-
activity is complicated by difficulties inidentifying cin B—susceptibleC. lusitaniae and produced
and proving fungal infections (section 3), studiesgreater reductions in fungal titr&3l However, no
of in vivo activity are of particular importance in advantage was detected for any dose of the lipo-

the evaluation of the antifungal activity of lipo- somal compared with the conventional formulation
somal amphotericin B. Unless otherwise indicated;y mice infected with amphotericin B-resistaht

the drug was administered intravenously in all of)sitaniaell!]

these studies. Conventional and liposomal amphotericin ad-

ministered in maximum tolerated dosages (0.4 and
7 mg/kg/day, respectively) and fluconazole (0.4 to
564 mg/kg/day) caused a reduction in the numbers

and 30 mg/kg/day) produced a greater reduction iPf C albicanscolony-form:iré%units i,n the kidneys
fungal burden than low doses of the drug (8 to 1¢°f immunocompetent micéx (Maximum toler-
mg/kg/day), conventional amphotericin B (1 or 2 ated dosages for the 2 amphotericin B formulations
mg/kg/day) or fluconazole (100 mg/kg/dd§hial — Wwere determined in noninfected mice in a dose-
High dose liposomal amphotericin B was associ-"anging study in which end-points were death or

ated with increased mortality, probably secondary€nal/hepatic dysfunction.) In infected mice, both
formulations of amphotericin B prevented relapse

of infection after the completion of treatment;
Table II. Representative study of the in vitro activity of liposomal fluconazole did not. Similarly, in leucopenic mice
and conventional amphotericin B against various fungal isolates . . . . _
tested using microbroth dilution assays™dl !nfected withC. albicans conventional amphoter

icin B (0.3 mg/kg/day) and fluconazole (64 mg/kg/

Candida spp.
In C. kruseiinfected neutropenic mice, interme-
diate and high dose liposomal amphotericin B (1

Organism? Minimum amphotericin B . h
(no. of isolates) concentration required to inhibit day) reduced the number of colony-forming units
90% of isolates (mg/L) [MICoo] in the liver, spleen and lungs, but failed to reduce
— Iipgssomal Zos"c‘)’e”“"”a' the number of colony-forming units in the kidney,
CZZZ:Z;ZZ;T’(%Z() ) oo i which led to relapse after the completion of treat-
. . . 13 . .

Cryptococcus neoformans (32) 0,62 105 ment!3! In contrast, liposomal amphotericin B
Fusarium spp.9 (8) 250 250 (7 mg/kg/da_y) S|gn_|f|c_antly reduced 'Fhe nu_mber of
a For species tested, MICgo values did not differ within genus. colony-forming units in all organs, including the
b Tested isolates included A. fumigatus (4), A. flavus (4), kidney, and prevented relap$d.in a similar study

A terreus (3), A niger (2). o published in abstract forf#! liposomal amphoter-
¢ Tested isolates included C. albicans (32), C. tropicalis (20), .. . .

C. parapsilosis (20). icin B, but not conventional amphotericin B or con-
d Tested isolates included F. solani (4), F. moniliforme (2), ventional amphotericin B in lipid 10% (a formula-

F. oxysporum (1), . equiseti(1). tion not available commercially), significantly
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reduced the amount of fungus in liver tissue fromported). Over the dosage range of 1 to 30 mg/kg,
mice which were infected wit@. albicangmouse liposomal amphotericin B dose-dependently re-
strain, immune status not reported) [all drugs ad-duced fungal burden, with brain cultures negative
ministered at 1 mg/kg/day}* Conventional and in 78% of animals at the highest dose. Similar
liposomal amphotericin B, both administered atdose-response effects of liposomal amphotericin B
0.75 mg/kg, produced equivalent reductions ofin murine cryptococcosis have been noted else-
yeasts in the kidney tissue ©f albicansinfected  where (C57BL/6 micel?!

mice[!s]
Other Fungal Pathogens

Aspergillus spp. Liposomal amphotericin B was active in several

In immunosuppressed rabbits and rats, lipo-murine models of systemic fungal infection, in-
somal amphotericin B (5 and 10 mg/kg/day, re-cluding pulmonary infection bfparacoccidioides
spectively) was more effective than conventionalbrasiliensisl?% Blastomyces dermatitidfd] and
amphotericin B 1 mg/kg/day against pulmonary Coccidioides immiti&2! and disseminatelricho-
Aspergillus fumigatu86.17! In rabbits, the lipo- sporon beigeli#3] andHistoplasma capsulatuff!
somal formulation caused less nephrotoxicity, im-Against paracoccidiomyco&d and blastomycosis
proved survival more and produced a greater re¢in BALB/c and CD-1 mice, respectivel{#}] con-
duction in the number of viable fungal organismsventional amphotericin B was more active than
than the conventional formulati¢¥! In rats, both  the liposomal formulation on a milligram-per-
formulations delayed and reduced mortality, butkilogram basis; however, higher doses of the lipo-
only the liposomal formulation reduced the num-somal drug could be administered safely and were
ber of colony-forming units in the inoculated lung curative. Against coccidiomycosis (in ICR miég)
and prevented the dissemination of infection fromand histoplasmosis (in athymru/nu BALB/c
the infected to the noninfected luRg. mice)[24] both formulations were effective and

In a rabbit model oA. fumigatusendocarditis equally active at the same dosage. In addition, aer-
(immune status not reported), conventional am-osolised liposomal amphotericin B has been shown
photericin B, the liposomal formulation and to be effective in the treatment and prophylaxis
amphotericin B lipid complex had similar effects of murine cryptococcosis (data reviewed by Gil-
on survival when administered at 2 mg/kg/day;bert)[23]
however, the conventional formulation produced
the greatest reduction in colony-forming urtis. , . . . ,
At higher doses (6 mg/kg/day), the liposomal andforAgalnst Leishmania majompromastigotes (the

lipid-based formulations were as effective as the m of the parasite which occurs in the vector) in
P : : o culture and amastigotes (as found in an infected
conventional formulation administered at 2 mg/

kg/day lesion) in murine macrophages, liposomal ampho-
' tericin B was 3 to 6 times less active than the con-

Cryptococcus neoformans ventional formulatiort?6! However, inL. majo

In a murine model dEryptococcus neoformans infected (BALB/c) mice, liposomal amphotericin
meningitis (ICR outbred mice), therapy every sec-B (6.25 to 50 mg/kg) reduced the lesion size in a
ond day with liposomal amphotericin B 1 mg/kg dose-dependent fashion, whereas the conventional
or conventional amphotericin B 0.3 mg/kg pro- formulation was ineffective in subtoxic dosed (
duced similar and significant prolongation of sur- mg/kg)[2é! Sodium stibogluconate, even at a daily
vival compared with that in untreated mi¢8. dose of 400mg antimony (%}kg, was also inef-
Both drugs significantly reduced fungal burden fectivein vivo.
compared with controls; however, the reduction Liposomal amphotericin B (12 mg/kg) and am-
was significantly greater in mice which received photericin B lipid complex (12 mg/kg) were both
the conventional formulation (p value not re- completely successful in eradicatingnfantumin

1.2.2 Activity Against Leishmania

0 Adis International Limited. All rights reserved. Drugs 1998 Apr; 55 (4)
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Table Ill. 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}3?

Drug (dose) Chax vd CL toa top AUC
(mglL) (L/kg) (L/h/kg) (h) (h)? (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;
ty,a, tyyp = first, second elimination half-life; Vd = volume of distribution.

a (BALB/c) murine model of visceral leishmania- were more sensitive to the lethal effects of both
sis[?71 Conventional amphotericin B (0.8 mg/kg), drugs; however, the ratio of lspvalues remained
amphotericin B in lipid 20% (1.2 mg/kg) and high (50vs 1.6 mg/kg). In multiple-dose studies,
meglumine antimonate 200mg 3kg were con- only 2 of 10 mice died after liposomal amphoteri-
siderably less effective. Similarly, 3 consecutivecin B 75 mg/kg daily for 14 days, whereas a single
daily doses of liposomal amphotericin B 3 mg/kg dose of conventional amphotericin B >2.6 mg/kg
were enough to clear infantumparasites from the was lethal in 100% of mice.

livers of infected (BALB/c) mice, but meglumine

antimonate 28mg Slkg/day did so only after 21 2. Pharmacokinetics

days(?8l In dogs naturally infected with. in- o _ .
fantum 3 to 5 doses of liposomal amphotericin B The pharmacokinetics of liposomal amphoteri-

3 to 3.3 mg/kg were as effective as 14 to 21 dosegin B after single- and multiple-dose intravenous
of meglumine antimonate in producing clinical im- administration are summarised in tables Il and IV,

provement; however, neither agent produced parar_espgctively. Alter sing_le-dose_ intravenous admin-
sitological cured®! |strat|on, the drug achieves high peak serum con-
centrations (Gay and a large area under the serum
concentration-time curve (AUC) [table IlI]. In
multiple dose data reviewed elsewhBtC,, ., af-
ter the second once daily dose of liposomal ampho-
In rodents, as in humans (section 5), liposomalericin B was approximately twice that measured
amphotericin B was considerably less toxic thanafter the first dose; thereaftery§ remained con-
conventional amphotericin BY In single-dose stant. The first-phase elimination half-life,{) of
studies, the amount of liposomal amphotericin Bliposomal amphotericin B is2 hours, indicating
required to cause death in 50% of mice {))Qvas  rapid distribution to the tissue compartment and/or
>76-fold higher with the liposomal than the con- uptake by the reticuloendothelial system. The sec-
ventional formulation (>17%s 2.3 mg/kg). Rats ond-phase elimination half-life is 24 to 35 hours

1.3 Murine Toxicity: Comparison with
Conventional Amphotericin B

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(®*!

Dosage No. of Chax vd t1, CL AUCo-24
(mg/kg/day) evaluable pts (mg/L) (L/kg) (h) (L/h/kg) (mg/L « h)
1.0 7 12.2 0.14 7.0 0.039 211

25 7 31.4 0.16 6.3 0.022 419

5.0 9 83.0 0.10 6.8 0.011 523

Abbreviations: AUCo.24 = area under the plasma concentration-time curve from 0 to 24h; Cnax = peak serum drug concentration; CL = total
plasma clearance; ty, = mean elimination half-life; Vd = volume of distribution.
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(table 11); the apparent mean half-life is 6 to 7 kg/day (n = 13). In contrast, a case report does exist
hours (table 1V). of the CSF concentration reaching 56% of the se-
With increasing doses of liposomal amphoteri-rum concentration (0.36 and 0.64 mg/L, respec-
cin B, AUC values increased in a nearly linear fash-ively) after administration of liposomal amphoter-
ion, suggesting that clearance was not saturable &in B (dose not specified) for presumed fungal
the doses reported (table 1V). The linear relationsepsis after bone marrow transplant (BMT) in a
ship was less clear in a study carried out in febrilgpatient with acute myeloid leukaenttél.
neutropenic patients (AUC values 69, 206 and 713 In rabbits, liposomal amphotericin B 5 mg/kg
mg/L-h at 1, 2.5 and 5 mg/kg/dal§§l As men-  produced 7-fold higher drug concentrations in the
tioned in section 1, amphotericin B does not tendiver than conventional amphotericin B 1 mg/kg
to dissociate from the liposomes in circulati®h.  (239vs 33 ug/g; p = 0.002); however, accumula-
After administration of the liposomal formula- tion of the liposomal formulation in kidney tissue
tion, amphotericin B is detected mainly in spleenwas 14 times lower (0.812.7ug/g; p = 0.04)37]
and liver tissue, reflecting the extensive reticulo-No drug was detectable in CSF after administration
endothelial uptake of the drug (fig. 1). Substantialof liposomal amphotericin B, amphotericin B col-
amounts of drug were recovered in kidney and lundoidal dispersion, amphotericin B lipid complex
tissue; concentrations in brain, CSF, thyroid, bongeach at 5 mg/kg) or conventional amphotericin B
marrow, heart and muscle tissue were low (gener¢l mg/kg) in rabbit$38! Brain amphotericin B con-
ally <25 mg/kg)i3®! In patients with AIDS-related centrations were 4 to 7 times higher after the lipo-
cryptococcal meningitis, no amphotericin B wassomal formulation than after the other 3 formula-
detectable in the CSF after 7, 14 and 21 days’ treations (p < 0.005).
ment with liposomal amphotericin B 4 mg/kg/day = The pharmacokinetic profile of liposomal am-
(n = 15) or conventional amphotericin B 0.7 mg/ photericin B is substantially different from that of

300
[ Patient 1 (TD 3428mg) — —

[ Patient 2 (TD 900mg)

[ Patient 3 (TD 820mg)
250

200
150 ]
100

o_ mfﬂm Hizoﬂbﬂﬁ
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@
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Fig. 1. Tissue concentrations of liposomal amphotericin B in 3 patients[*® TD indicates total cumulative dose.
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the conventional drug or amphotericin B in lipid with invasive investigations, fungal pathogens are
20% (table Il1). Liposomal amphotericin B distrib- infrequently isolated, may be isolated only after
utes in a smaller volume of distribution than thedeath and may be indistinguishable from colonisa-
other formulations and, correspondingly, thg.C tion or contamination of culturés*!
is substantially higher after administration of the
liposomal formulation (table I1).

The second elimination half-life of liposomal
amphotericin B is approximately 24 hours (table
I1). No metabolite of amphotericin B has been

identified and the elimination of both conventional ~ 3:1.1 Use as Prophylactic Therapy
and liposomal formulations of the drug is poorly Two randomised double-blind placebo-controlled

understooddll After administration of conven- Studies have assessed the benefit of prophylactic
tional amphotericin B, only about 2 to 5% of a dose!lP0Somal amphotericin B in transplant patients
is recovered in the urine within 24 hours, and tissudt@ble V). Liposomal amphotericin B appeared to
accumulation appears to account for most drug dist€duce the post-transplant incidence of proven
tribution31 Clearance of the liposomal formula- fungal infections in both BMT (allogeneic or auto-

o . 42 ' ioi -
tion is slower than that of the conventional formu-!090usy*? and liver transplaff! recipients, al- -
lation (table I11). though the apparent effect reached statistical sig-

Haemodiafiltration in a patient receiving lipo- nificance on_ly in the .Iat_ter. study. This post-liver
somal amphotericin B (1 to 2 mg/kg/day) removed_transp_)lant dlfferencg in incidence of proven fungal
drug at a constant rate of approximately 0.5 mg/anectlons between liposomal amphotericin B and

(zero-order removal): dosage adjustment was no[Placebo recipients remained significant even after
required® Liposomal amphotericin B was not re- + Y&ar (1lvs 29%; p = 0.05). Cultured organisms

moved by short term (4-day) continuous venous-in thesg 2 studies incluqelhndide}spp[42'f‘3] and
venous haemofiltratioHo! Aspergillusspp®! No difference in survival was

noted between placebo and liposomal amphoteri-
cin B recipients in either trial.

Among BMT patients, significantly fewer lipo-

Evaluation of antifungal therapy in immuno- somal amphotericin B than placebo recipients were
suppressed patients is notoriously difficult. My- colonised byCandida spp. by study end (p =
cotic disease is not easy to identify accurately and.05)[2! During the study, fungal colonisation de-
may present clinically like other (nonfungal) infec- creased in liposomal amphotericin B recipients
tions or similar noninfectious presentations. Even(from 55% of patients at baseline to 33% at study

3.1 Empirical Antifungal Therapy in
Immunocompromised Patients

3. Therapeutic Use in Fungal Infections

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

Reference Underlying No. of Treatment (mg/kg/day) Outcomes (% of pts)
condition evaluable [duration] fungal suspected  proven fungal  survival
pts colonisation fungal infections at at ly
infection <30 days
Tollemar et al.*? Bone marrow 36 LAB 1 [until ANC >0.5]° 33* 14 3 62
transplant® 40 Placebo 62 18 8 73
Tollemar et al*3 Liver transplant 40 LAB 1[5 days] NR NR o** 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 (x 10%L); NR = not reported; * p = 0.05, ** p < 0.01 vs placebo.
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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 No. of clinically LAB dosage (mg/kg/day) Clinical response® (% of pts)
(study design) evaluable pts [median duration of treatment; success failure
range (days)]

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.*%! (pro) 10 2.5-4 [mean 17; 3-33] 50 50
Bohme & Hoelzer*”] (pro) 19° 3-5 every other day [NR] 84 16
Heinemann et al.l*8l° (ret) 100 200 mg/day® [15] NR 42
Kriiger et al.l*?] 50 1-5 [13; 1-55] 54 46
Mills et al.l5%! (ret) 133¢ NR [12; 2-96] 61f 19
Nowoczyn et al.lB1l 10 1.5-2.5 [15; 4-35] 70 10
Ringdén et al.b2 15 0.5-3 [15; 3-55] 87 NR
Ringdén et al.® (pro, mc) 99 0.5-5[18; 1-97] 81 19
Randomised comparisons with C-AmB
Leenders et al.53° (pro, mc) 32 LAB 5 [NR] 50* NR
34 C-AmB 1 [NR] 24 NR
Prentice et al.* (pro, mc) 118 LAB 1 [NRJ® 58 NR
118 LAB 3 [NRJ® 64* NR
102 C-AmB 1 [NRJ® 49 NR
Walsh et al.*“I° (pro, mc, db) 343 LAB 3 [mean 10.8] 50 14"
344 C-AmB 0.6 [mean 10.3] 49 19"

a Response definitions varied between studies. Success includes pts with clinical cure or improvement including, in some studies!3546:47]
radiographic improvement.

b Ptsin 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.

Abstract.

Median dose.

133 treatment episodes in 116 enrolled pts.

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

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 < 0.05vs C-AmB.

Q —~ o a o

end), but increased in placebo recipients (from 4Xbf patients, respectivel§?! Successful outcome,
to 62%)42 defined as resolution of fever faB days without
_ _ ] ) the development of new fungal infection, occurred
3.1.2 Use in Patients with Suspected Infections significantly more frequently in recipients of |ip0-

In large, randomised comparative trials, lipo- | hotericin B 3 ma/ka than i ient
somal amphotericin B was at least as efficacious agomal ampnotercin Mg/kg than in recipients

conventional amphotericin B in the treatment of®f conventional amphotericin B (p = 0.03). How-
neutropenic patients with pyrexia of unknown or- 8Ver, @ Kaplan-Meier analysis of time to deferves-
igin (table V1)[44.45] cence showed that there were no significant differ-
Combined efficacy data from 2 comparative €nces between the treatmelfis.

studies which included 134 adults and 204 children N 687 neutropenic patients [absolute neutrophil
who received liposomal amphotericin B 1 or 3 mg/count (ANC) <0.5x 1(P/L] with persistent fever
kg/day or conventional amphotericin B 1 mg/kg/ (>96 hours while on antibacterial therapy), the
day showed successful outcome in 58, 64 and 49%omposite success rates (not defined) for lipo-
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Fig. 2. Clinical outcomes of empirical antifungal therapy with liposomal amphotericin B (LAB) 3 mg/kg/day versus conventional
amphotericin B (C-AmB) 0.6 mg/kg/day in persistently febrile, neutropenic patients (n = 343 and 344, respectively). * p = 0.021lvs
LAB.#4

somal and conventional amphotericin B (3 and 0.6nised adults produced complete clinical resolution
mg/kg/day, respectively) were 50 and 49% (fig.(‘clinical cure’) or significant clinical improve-
2) 1441 Overall survival, resolution of fever during ment in 50 to 87% of patients in noncomparative
neutropenia and premature withdrawal of studystudies (table VI). Definitions of clinical response
drug because of poor efficacy or tolerability wereand ‘proven fungal infection’ varied widely in
similar between the 2 groups. Significantly fewer these studies, as did patient inclusion criteria. Clin-
proven fungal infections emerged during treatmenical cure was generally defined as resolution of all
in the group which received the liposomal formu- symptoms of infection, possibly including fever,
lation (5vs 9% of patients; p = 0.02). infected wounds, stomatitis, cough and chest infil-
In a small comparative study in neutropenictrates. Most studies included heterogeneous pa-
patients (n = 66) published in abstract fdp#h, tients with very different case histories and reasons
liposomal amphotericin B 5 mg/kg/day produced for enrolment.
a higher @inical success rate (complete or par- The predominant underlying medical condi-
tial response) than conventional amphotericintion of patients in several of these studies was
B 1 mg/kg/day (50rs 24%) [table VI]. Complete neutropenia secondary to haematological malig-
response (total resolution of pretreatment signs andancyt*7-50-511 Other major underlying conditions
symptoms plus progressive improvement of chesincluded neutropenia secondary to treatment for
x-rays) also occurred more often in recipients ofsolid tumours, bone marrow or peripheral blood
the liposomal formulation in this study (¥418%;  progenitor cell transplantation and organ (mainly
p = 0.03). liver) transplantatior®47-49.5410ne studf®! in-
The empirical use of liposomal amphotericin B cluded 12 patients with AIDS; however, use of the
for suspected fungal infections in immunocompro-drug in this population is discussed in section 3.2.1.
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In several studies, a large proportion of patientssomal amphotericin B 1 mg/kg/day, compared with
(36 to 100%) had received conventional amphoter49% who received 4 mg/kg/day, had complete or
icin B before being switched to the liposomal drugpartial clinical response (n = 70). Corresponding
because of toxicity or progression of fungal infec-values for radiological response were 63 and 54%
tion [35.49-52] (no statistical analyses reported).

In the largest noncomparative study, 137 epi- Pacdiatric Patients

sodes of suspected fungal infection in 126 patients paqiatric patients (median age 7 to 14 years)
were treated with liposomal amphoterici®®B.Of |\ ore included in both randomid&d and non-

99 clinically evaluable patients (64 with proven comparative studie52 Case reports and pub-
infection, 24 with presumed infection and 11 with |ished abstracts further document the use of lipo-

superficial fungal infection) who received the drug somal amphotericin B in immunocompromised
for 28 days, 60% achieved clinical cure and a fur-chjidren, including those under 1 ydr59
ther 21% improved clinically. Cure, in this study,
was defined as complete disappearance of all 3.2 Efficacy Against Proven
symptoms, including infiltrates on x-ray and fever.  Fungal Infections
Improvement was defined as clearance of some,
but not all, symptoms. 3.2.1 Cryptococcosis and Other Infections in
Similarly, of 133 episodes of suspected or Fatentswith AIDS . . .
. . . Liposomal amphotericin B was active against
proven mycosis among 116 patients in a large

retrospective analysis who received liposomal am_Cryptococcusmfectlon (primarily cryptococcal

photericin B, clinical resolution resulted in 61% meningitis) in several smal! trials in patignts with
(table V)59 In 17 of 25 patients who deteriorated AIDS (table VII). Mycological eradication was

. - . complete in 67 to 85% of patients, including, in
and died despite "po.som"’?' amphotenqn B treat s e instance89-621 patients in whom previous
ment, there was microbiological evidence of

A . o amphotericin B had been ineffective or unaccept-
Aspergillusin 8 patients an€andidain 9.

X L ably toxic.
Compared with 72 historical controls (neutro- Urine, stool, blood, skin and oral secretion cul-

penic patients with haematological malignancies, o5 positive folC. neoformansleared within 7
and febrile pulmonary infiltrates) who received days’ therapy with liposomal amphotericin B in all
conventional amphotericin B or itraconazole (notq patients in 1 stud§! The time to clearance of
shown in table V1), 23 patients who received lipo- ¢Sk cultures generally appeared to be longer: CSF
somal amphotericin B for suspectédpergillus  cyjtures cleared in 1 patient after 14 days’ therapy,
pneumonia experienced higher response rates anghereas in 3 others cultures had not cleared after
lower lethalityi*”] 89 and 68%, respectively, of 42 gays. Reported times to negative fungal CSF
liposomal and conventional amphotericin B recip-cyitures in other studies were 7 tol4%.1 to 35
ients responded to initial treatment (or, for 1 lipo- (mean 214 and 7 to 36 (median 11) da§3.No
somal amphotericin recipient, a dosage increaseproven clinical relapses occurred in either group
[difference not statistically significant]. Mortal- during=6 months’ follow-up.
ity in the 2 goups was 5 and 32%, respectively  |n a small, randomised comparison in patients
(p =0.01). with cryptococcal meningitis, liposomal ampho-
High dose liposomal amphotericin B did not ap- tericin B 4 mg/kg/day produced mycological eradi-
pear to be superior to lower doses in the treatmergation in 73% of patients, compared with a 38%
of suspected or confirmed invasive aspergillosis irclearance rate in conventional amphotericin B 0.7
neutropenic cancer patients according to prelimi-mg/kg/day recipients (21-day follow-uf§¥! Lipo-
nary data published in an abstri&et.In a dose- somal amphotericin B produced more rapid myco-
finding study, 68% of patients who received lipo- logical eradication than the conventional drug:
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Table VII. Summary of nonblind studies of liposomal amphotericin B (LAB) in patients (pts) with AIDS and confirmedCryptococcus neoformans
or other fungal infections

Reference No. of Primary pathogen Treatment (mg/kg/day)® Clinical outcome
evaluable (site of infection) [mean duration of clinical mycological
pts treatment; range cure eradication

(days)] (%)° (%)°

Noncomparative studies

Codeluppi et al®ld 11 5 Cryptococcus (meningitis) LAB 1-2 [35] 100 NR

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

Coker et al.l62 23 Cryptococcus (19 meningitis) LAB 3 [27; 2-43] 61 67

Lazar & Ksionski®d g Cryptococcus (8 meningitis; 1 CSF and pulmonary) LAB <3 [NR; 1-59] 89 75

Mota-Miranda et 20° 10 Cryptococcus (9 meningitis; 1 pulmonary) LAB 2-3 [17; 3-35] 85 85f

al.lsy 7 Candida (oesophageal; 1 disseminated C. glabrata)

3 Aspergillus (pulmonary)
Viviani et al.[?l 9 Cryptococcus (2 extraneural disease, 6 disseminated ~ LAB 3 [33; 21-42] 67 67

with meningeal involvement, 1 meningitis refractory to
other antifungals)

Randomised comparison with conventional amphotericin B (C-AmB)

Leenders et al.[64] 15 Cryptococcus (meningitis) LAB 4 [21]¢ 80 73"
13 Cryptococcus (meningitis) C-AmB 0.7 [21]° 86 38"

a Excluding initial dose titrations and test doses.

b Clinical cure, where defined, generally included disappearance of all signs and symptoms of infection!?61.62.64]

¢ Clearance of (initially positive) fungal cultures during treatment[®°! by the end of treatment® 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.
‘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.

Kaplan-Meier estimates suggested median times tof 6 patients with AIDS who had oesophagéanh-

CSF culture conversion of 7 to 14 versus >21 dayslida infection which was previously unresponsive

(p <0.05). to high doses of fluconazole, with or without addi-
Similarly, sterilisation of CSF was achieved af- tional topical antifungals (table VII§3! In 6 other

ter liposomal amphotericin B in 12 of 19 patients patients with oesophageal candidd&isdyspha-

who had positive CSF cultures f@. neofor-  gia and retrosternal pain disappeared 4 to 6 days

mansl®? Clinically, the majority of patients were after the initiation of liposomal amphotericin B.
either cured or improved (63 and 11%, respec-

tively); 3 patients (16%) died of cryptococcosis, 2  3.2.2 Proven Fungal Infections in
within the first 2 weeks of therapy. Other Immunocompromised Patients
Extrapulmonary cryptococcosis is less common Data on the use of liposomal amphotericin B
in paediatric than adult patients with Al  against proven fungal infections in immuno-
however, a case report suggests that liposomal angompromised patients come mainly from non-
photericin B may also be effective in this popula-comparative studies, generally with few clinically
tion.[66] evaluable patients per organism (table VIII). How-
Liposomal amphotericin B produced a good ever, 1 small comparative study is available (n = 66;
clinical response and a remission of dysphagia in 26 documented infections), in which liposomal
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amphotericin B 5 mg/kg/day produced higher Of 25 patients with proven invasive candidosis,
complete response rates than conventional amphd9 (76%) were cure@! Correspondingly, myco-

tericin B 1 mg/kg/day (64s 17%; p = 0.02)°3]  logical eradication occurred in 83% of evaluable
The identity of the fungal pathogens in this studypatients3® In another study, mycological eradica-

was not reported. tion of confirmedCandidainfection occurred in
40% of evaluable patients (table VIIf§!
Candida Infections Mucosal, oesophageal or gastrointesti@ah-

Liposomal amphotericin B appears to be activedida infection was cured by liposomal amphoteri-
against both invasive and superficial infection bycin B in 100% of patients in 2 studies (n®kand
Candidaspp. Overall response rates (clinical cure3[68]). However,Candidawas isolated in 11 of 48
plus improvement) in patients with confirmed can-other patients with oral candidosis, despite 7 days’
didosis in noncomparative studies were 20 to 84%iposomal amphotericin B therapy, and in 3 of 5
(table VIII). 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 Clinical response? Mycological
(site of infection/positive culture) (% of pts) eradication (%)
success failure
Berenguer et al.*¢] 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
Bohme & Hoelzer*”! 8 Aspergillus (pulmonary) 75 25 NR
Fisher et al.[%7] 5 Aspergillus (4 sputum; 1 peritoneal fluid) 20 80 NR
Heinemann et al.*8® 10 Aspergillus (NR) NR NR 60
90 Candida® (NR) NR NR 40
Kriiger et al.[*9 2 Aspergillus (1 pulmonary; 1 sinus) 0 100 0
5 Candida (4 pulmonary/sepsis; 1 sepsis) 20 80 NR
Mills et al.l0] 21 Aspergillus (pulmonary) 62 38 NR
2 Candida (septicaemia) 50 50 NR
Ng & Denning!®8 17 Aspergillus (NR) 59 41 NR
6 Candida® (NR) 33 67 NR
4 other (2 rhinocerebral, 1 pulmonary zygomycosis; 75 25 NR
1 Cryptococcus neoformans meningitis)
Ringdén et al.® 3 Aspergillus (NR) 67 33 67
6 Candida (NR) 83 17 83
Ringdén et al.l3% 28 Aspergillus (24 pulmonary; 1 intracavitary fungus ball; 61¢ 39 41¢
1 hepatic; 1 endocardial; 1 air sinus)
25 Candida (13 blood; 4 hepatic; 4 abdominal; 1 pulmonary; 84° 16 83¢
1 mediastinal; 1 air sinus and eye; 1 nasopharynx and face)
11 others (7 Cryptococcus neoformans, 1 Mucor spp.; 100 0 78

1 Coccidioides immitis; 1 Trichosporon capitatum; 1 NR)
Response definitions varied between studies. Success includes pts with clinical cure or improvement.
Abstract.
In 54 other pts, relevance of a Candida isolate to systemic disease was unknown.
Excludes 3 pts with mucosal candidosis.

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.

® o O T o
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fungal therapy, the clinical and microbiological  Ahigher response rate (92%) and lower lethality
signs of oropharyngeal candidosis were not re{41%) were seen among patients with suspected or

solved by liposomal amphotericin() proven pulmonanAspergillusinfection who re-
_ _ ceived liposomal amphotericin B (n = 12) than in
Aspergillus Infections historical controls (n = 17) who received itracon-

Liposomal amphotericin B produced clinical ;4|0 o conventional amphotericin B (41 and 59%,
cure or improvement in 60 to 70% of patients W'threspectively' p = 0.008 for both outcomé&g).

confirmed invasiveAspergillusinfection in most  owever, the differences between the active treat-
studies (table VIlI); however, numbers of con- ment and historical control groups, including a

firmed infections in these noncomparative studiegonger median duration of neutropenia in the latter
were small. In 2 studies which included >20 pa-group, limit the value of this finding.

tients with confirmed aspergillosis, clinical re-
sponses were observed infBlland 62%9 of
patients. MosAspergillusinfections were pulmo-
nary[35:46.47.4950]g|though small numbers of pa-
tients had other foci, including intracavitary fungus
ball 35! sinusiti$354% and endocardia®?! hepa-

Other Fungal Infections

Liposomal amphotericin B appeared to be ac-
tive against infections other than candidosis or as-
pergillosis (table VIII). AFusarium porimyceto-
matous lesion improved in 1 patient, but cultures
. . . . . remained positive despite 65 days of liposomal am-
ticts*! ordlssemlpated'lnfecndﬂ.?] _ . photericin B treatmeri$>! Three patients with

Of 28 proven invasivAspergillusinfections in rhinocerebral zygomycosis [one identifiedFeisi-
1 study, 9 (32%) were cured,; this clinical cure rateZopus arrhizus (oryzal$® responded to lipo-
was significantly lower than that reported in the g5 amphotericin B; 1 with pulmonary zygo-
same study for candidosis (76%; p < 0.8%). mycosis died despite treatmé#ts?!
Similarly, mycological eradication dAspergillus Case reports suggest that liposomal amphoteri-
(41%) was lower than that @fandida(83%; p <  ¢in may also be effective in immunocompromised
0.01). Of 10 confirmedAspergillusinfections in patients infected byusariumspp_[’n)]l]dissemin-
another studi#8! liposomal amphotericin B pro- atedHistoplasm&?2 andCurvularia sppl”3!
duced mycological eradication in 6 (60%).

Results from the large retrospective analysis 4. Therapeutic Use in
discussed previously (section 3.1.2) indicate that Visceral Leishmaniasis
36 of 116 liposomal amphotericin B recipients had

suspected aspergillosis; 21 further patients had Liposomal amphotericin B, administered in a
. S variety of regimens over 7 to 21 days, is a generall
confirmedAspergillusinfectionsl®! Of these 21, y 9 Y 9 y

: . effective treatment for visceral leishmaniasialé
13 (62%) obtained complete or excellent partial,; » i immunocompetent adults and children, in-
clinical and raqiqlogical resolution with lipo- cluding those aged <2 years (table IX). In most
somal amphotericin B (table VIIl). Of the 8 non- o,gies, 97 or 100% of patients experienced com-
responders, 4 had refractory malignancy and 4 dleg|ete response (clearancelafishmaniaparasites
before assessment of clinical efficacy was possiblegrom pone marrow or splenic aspirates). With the
Median initial and day-14 ANCs were higher exclusion of 2 studies discussed below, variation of
among responders than nonresponders (AMC  the liposomal amphotericin B regimen, within the
and ANGidays= 0.25x 1(° and 1.2x 1®° cells/L  studied dosage range (table 1X), appeared to have
for responderss0.1x 10° and<0.2x 1P cells/L  Jittle effect on outcome. Few immunocompetent
for nonresponders; p = 0.003 for both compari-patients in any study relapsed during 12 months’
sons). Nevertheless, there were 8 patients in whorfollow-up.
signs of infection did not recur when the drug was Low response rates were reported in a study
discontinued despite continued neutropenia. of patients with either severe or pentavalent anti-
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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 No. of LAB dose Clinical outcome Comments
(study design) evaluable (mg/kg/day) [days complete time of relapse  duration of
pts administered] response assessment (% of pts) follow-up
(% of pts)® (days) (mo)
Davidson et al."¥ 10 1-1.38 [1-21] 100 21 0 12 Group included 6 children; objective
(mc) 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 100mgP [1-21] 82 21 82 NR Immunocompromised (HIV-infected)
adults; relapses occurred between 2
and 22mo
Davidson et al.l’®l 13 4[1-5,10] 100 21 0 12 Group included 10 children; 3 pts
(mc) 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.l"® 11 1[1-21] 100 21 0 12 Pts were children, mean age 2.2y
(mc) 13 3[1-10] 100 21 0 12 Pts were children, mean age 2.3y
66 3[1-5,10] 100 21 2¢ 12 Pts were children, mean age 3.0y
16 3[1-3,5,10] 94¢ 21 20¢ 12 Pts were children, mean age 2.7y;
relapses occurred 3mo after
treatment
Russo et al.l’"] 8 4[1-5,10,17,24, 88 45 100 NR Immunocompromised (HIV-infected)
(mc) 31,38] adults; relapses occurred between 2
and 7mo
Seaman et al.’® 16 3-5[0,3,10] 504 21 NR NR Sudanese pts with L. donovani: all

had ShV-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 etal™ 10 2[1-6,10] 100 24 0 12 Indian pts with L. donovani
(O] 10 2 [1-4,10] 100 24 0 12 As above
10 21[1,5,10] 100 24 0 12 As above

a Negative culture and microscopy on repeat bone marrow or spleen aspirate.
b Afixed dose, not based on pt weight, was used.

¢ Ptsin 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; Sb" = pentavalent antimonial compounds.

monial-resistant disease (table [¥d.In these pa- effective than the same dose administered on days
tients, liposomal amphotericin B 3to 5 mg/kg on1 to 5 and 10 (statistical comparison not per-
days 0, 3 and 10 was less effective than a longefiormed). Furthermore, in both these studies, sev-
regimen (6 doses over 13 days) [complete responseral patients who did not achieve good initial clin-
rate 50vs 88%]![78! Similarly, in a dose-ranging ical response did respond to additional liposomal
study in childrer’8! liposomal amphotericin B 3 amphotericin B76.78 It should be noted, however,
mg/kg on days 1 to 3, 5 and 10 appeared to be legbat patients with severe disease (body mass index
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<13 in adults, age >50 years, bleeding, intractabl&.1% of patients, respectively, compared with
vomiting or moribund condition) may respond dif- 34.3% of patients who received conventional am-
ferently to treatment than patients with antimonial-photericin B 1 mg/kg/day (p < 0.0ff! Adverse
resistant disease (i.e. patients who relapse after, @vents commonly associated with conventional
have incomplete response to, combined §hd  amphotericin B, including renal tubular damage,
aminosidine treatment). Therefore, caution mustpotassium wasting, mild anaemia and infusion-
apply when grouping these 2 patient subsets torelated reactions such as fever, chills, rigors, nau-
gether. sea and vomiting,81 were significantly reduced
Symptomatic improvement was generally rapidin liposomal amphotericin B recipierité:#5! Even
after the initiation of liposomal amphotericin B in patients who had previously experienced adverse
patients with visceral leishmania$ié7679 Most  events with the conventional formulation have
patients reported improved appetite and well-beingoeen able to tolerate the liposomal formulatfh.
by the third day of treatmef€! Objective signs
also improved rapidly: splenomegaly decreased 5.1 Nephrotoxicity and Hypokalaemia
and elevated erythrocyte sedimentation rate (ESR)
fell by days 5 to #7476l haemoglobin concentra- Liposomal amphotericin B recipients experi-
tion and platelet count increased by days 5 to 14nced nephrotoxicity less often (fig.8)*! and
and peripheral blood leucocyte count by days 5 tdatef*® than those receiving conventional ampho-
7174761 Serum albumin (<35 g/L in most patients tericin B in comparative studies. Nephrotoxicity,
before treatment) rose toward normal values by dagiefined as twice the baseline serum creatinine level
5[75] or days 10 to 144! Fever receded or was ab- in paediatric patients or twice the baseline and

sent by day 3 in most patients in whom it had beerr106 pmol/L (>1.2 mg/dl) in adults, occurred in
present initially’] 19% of liposomal amphotericin B recipients com-

In immunocompromised adults, |iposoma| am- pared with 34% of patients who received the con-

photericin B administered over 21 to 38 days pro-ventional drug in a large, double-blind, randomised
duced good initial clinical and parasitological re- studyt#4]
sponses (table 1X), albeit more slowly than in  Changes in serum creatinine levels did not ap-
immunocompetent individualéy however, the pearto correlate with cumulative dose of liposomal
majority of patients relapsed after the end of theramphotericin B during 121 episodes of use at
apyl74.77] cumulative doses relatively evenly distributed over
<1 to >5¢82 Concomitant nephrotoxic drug use
also appeared to have little effect on increases or
decreases in serum creatinine. Among patients who
Liposomal amphotericin B is well tolerated received conventional amphotericin B before re-
by the majority of patients. Generally, the drug ceiving the liposomal formulation, 13% with nor-
was discontinued because of suspected adversgal initial serum creatinine levels had increases
events in 0 to <5% of patients in clinical stud- during liposomal amphotericin B therapy, but 41%
ies[49.74.75,77,80] with high initial concentrations had decreal§és.
The tolerability profile of liposomal amphoter- No clinically significant increase in serum urea
icin B is clearly superior to that of conventional or creatinine levels occurred in 116 patients who
amphotericin B. Recipients of the liposomal for- received liposomal amphotericin B for a median 12
mulation experience fewer adverse events andlays (median dose 1684mg, range 180 to 10
fewer severe adverse events than recipients of th440mg)% In 187 patients receiving concomitant
conventional formulation (fig. 3). In a comparative cyclosporin A, mean serum creatinine level in-
study, liposomal amphotericin B 1 and 3 mg/kg/creased 20% from baseline after the start of lipo-
day was discontinued or dose-reduced in 7.6 andomal amphotericin B therapy, but this increase

5. Tolerability
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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].[*1 * p < 0.01 between conventional and liposomal amphotericin B.

was not statistically significant (median dura- son][#4! Allergic reactions occurred during 27 of
tion of liposomal amphotericin B treatment, 11 1146 and 25 of 3431 doses, respectively, of con-

days)e0l ventional and liposomal amphotericin B {8
0.7%; p < 0.01).
5.2 Hypersensitivity and Infusion Reactions First-dose reactions (chills and rigors) were

among the most common adverse events in a
rigors is significantly lower after liposomal am- randomised comparison of liposomal and conven-

photericin B than after the conventional formula- ional amphotericin B; however, the specific inci-
tion 4445 Compared with conventional amphoter- dence of these reactions with either drug was not
icin B recipients, patients who received Iiposomalreportedflfr’] Anaphylaxis occurring within less
amphotericin B experienced fewer episodes of inthan 1 minute of the first infusion of liposomal
fusion-related fever (44s 17%), chills or rigors amphotericin B has been reported in several pa-
(54 vs 18%) and cardiorespiratory events (dys-tients®384 Symptoms resolved after the infusion
pnoea, hypotension, tachycardia, hypertension andas stopped, with or without supportive medica-
hypoxia; 46vs 13%) [p < 0.01 for each compari- tions. Acute dyspnoea and chest tightness (not ac-

The incidence of infusion-related fever and
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companied by other symptoms) occurred duringents (n = 102 and 236) in the incidence of elevated
the first 15 minutes of the initial liposomal ampho- serum bilirubin, alkaline phosphatase or serum
tericin B infusion in 2 patients; symptoms disap-transaminase level&! Although hepatotoxicity
peared within minutes of stopping the infusié#.  of liposomal amphotericin B has been reported
Mild to severe hypersensitivity reactions have alsan mice and rat&% similar reactions in humans
occurred in patients after 2 to 7 liposomal ampho-have not been noted.
tericin B infusiond®6.87] Because in many in- Normocytic, normochromic anaemia, which de-
stances these reactions occur during the first infuvelops in most patients during conventional am-
sion in patients who had previously toleratedphotericin B therapi?!! appears to occur in fewer
conventional amphotericin B, it seems likely thatthan 10% of liposomal amphotericin B recipi-
they represent a hypersensitivity to the liposomalents(34l
formulation.

Ventricular fibrillation and fatal cardiac arrest  5.3.1 Increased Cyclosporin Levels
during the seventh dose of liposomal amphotericin  Concomitant administration of liposomal ampho-
B (200mg over 3 hours) has also been reported itericin B and cyclosporin in 187 transplant patients

1 patient88] resulted in increased cyclosporin levels (from
mean 275ug/L before, to 3281g/L during, lipo-
5.3 Other somal amphotericin B treatment; p < 0.06%).

Liposomal amphotericin B has been associated
with increases in the levels of liver enzymes. Alk- 6. Dosage and Administration
aline phosphatase and aspartate aminotransferase,
respectively, increased and, in some instances, The recommended dosage and administration
became elevated in 22 and 17% of liposomal amschedules for liposomal amphotericin B are sum-
photericin B recipients; however, these patientsmarised in table X. Dose is based on bodyweight,
may have been predisposed to elevations of liveand adult and paediatric dosage recommendations
enzymes by other medications and underlyingare identical. The drug is administered by slow
disease®2 No differences were noted between intravenous infusion. Premedication is of ques-
conventional and liposomal amphotericin recipi-tionable benefit \ith conventional amphoteri-

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

US[34] UK[QI]
Dosage (mg/kg/day)
Empirical antifungal treatment 3
Proven systemic fungal infections (Aspergillus, Candida, ~ 3-5% 1-3%
Cryptococcus)
Visceral leishmaniasis: immunocompetent patients 3 on days 1-5, 14, 21° 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/mf (US)B4 or over 30-60min in 0.2-2.0 mg/ml (UKY%
Premedication is generally not required

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

The optimum duration of antifungal therapy is not well defined.

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

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

Concentrations of 0.2-0.5 mg/ml may be appropriate in children.

o o0 T o
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cin B89 and is not required with the liposomal 7. Pharmacoeconomic Implications of
drug. Liposomal Amphotericin B

In the empirical management of patients with L . o
The acquisition cost of liposomal amphotericin

fungal infections, clinical studies have used dainB_ bstantially hiaher than that of th
doses from 0.5 to 5 mg/kg/day (section 3). A dos-, IS substantially figher than that ot tn€ conven-

N __tional formulation (£14%s£3.70 for 50mg; 1997
age of 3 mg/kg/day was effective in comparative

. : _ TP EIYEUK prices)[8]
studies. The optimum duration of empirical lipo- Using clinical data from 9 published studies in

somal amphotericin B in these patients is not k”OWﬁmmunocompromised patients with proven fungal
At present, there is no recommended maximumnfections, Tollemar and Ringd@f calculated the
cumulative dose of liposomal amphotericin B. In mean acquisition cost of liposomal amphotericin B
neutropenic patients, treatment is generally continper course. Mean cost per patient per course in
ued to recovery of neutrophil counts. In patientsthese studies ranged from $US3248 to $US20 416
with AIDS andCryptococcus neoformarigfec-  (median $US12 992) [1995 UK costs]. However,
tion, liposomal amphotericin B has been adminis-2S discussed previously (section 3), fungal infec-
tered at 2 to 4 mg/kg/day (section 3.2.1). tion is difficult to diagnose and only a small pro-

. : ortion of patients who receive empirical anti-
No dosage recommendations are available foE . .
ungal therapy have proven fungal infections.

_fun_gal prophylaxis W_'th "POS‘?ma' amphotericin B Therefore, acquisition cost of the drug per patient
in immunocompromised patients, but a 1 mg/kgyith proven fungal infection may be a less useful
da”y dose has been studied in both liver transplanﬁ]easure than acquisition cost per patient W|th sSus-
and BMT recipients (section 3.1.1) pected fungal infection (i.e. acquisition cost of the
In the treatment of visceral leishmaniasis, it isdrug per course of empirical use).
recommended that a total dose of intravenous lipo- Two cost-effectiveness analyses (both from the
somal amphotericin B of 21 to 30 mg/kg be admin-hospital perspective) compared the use of lipo-
istered over 10 to 21 days (table[§)92 Avariety ~Somal and conventional amphotericin B in im-

. . . . i i ,99 i
of regimens have been used in clinical studies (sedUnocompromised patien:%%l In a Swedish
tion 4) retrospective comparison of liposomal and con-

Althouah use of the drug in paediatric atientsventional amphotericin B in the treatment of
9 ginp P proven systemic mycoses in bone marrow, liver or

has been studied (section 3), safety and effectivegjyney and/or pancreas transplant recipients, sav-
ness have not been established in infants below thﬁgs produced by liposomal amphotericin B (in-
age of 1 montH?*l However, in neonates of very cluding increased life expectancy and reduced tox-
low birth weight, the drug has been used at an iniicity) were not enough to offset the acquisition cost
tial dosage of 1 mg/kg/day, increased after a weekf the drug?8! It was concluded that use of lipo-
to 1.25 mg/kg/daiP3! Other investigators have somal amphotericin B was associated with an extra

used dosages of 1.5 t§% or 3 to 7 mg/kg/dd§p!  COSt pf about SEK150 000 per !ife-year gained in
in 2 and 14, respectively, very low birth weight r€cipients of bone marrow or kidney and/or pan-

infants with disseminated fungal infections. creas_transplants (1.991 currency, $USI = SEKE).
Dosage adjustment in patients on continuousln patients vvho received liver transplants, the extra
. . L cost was estimated at SEK195 000. These amounts
\{enous-venous haemofiltration or haer.nodlaflltra-Were comparable to accepted costs per year of life
tion appears to be unnecessary (section 2); howsgyed with other medical and nonmedical interven-
ever, administration of liposomal amphotericin B tjgns[9®8] Efficacy rates used in calculations in this
should begin only after the completion of dialy- study were based on mean survival rates in Swe-

sis[ol] den, discounted at 5% for each additional year of
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life gained. Costs considered included standaraf liposomal amphotericin B 1 mg/kg/day is lower
cost per treatment day plus cost of antifungal therthan that recommended in the US (table X).

apy and other expensive drugs estimated sepa- The cost of liposomal amphotericin B prophy-
rately. It must be noted that patients in the conventaxis (2 mg/kg 3 times per week) against oro-
tional amphotericin B group in this study were pharyngeal fungal colonisation or infection in
historical controls, having been treated mostly inBMT recipients was higher than the cost of ei-
1987 to 1989. Patients who received the liposomather oral fluconazole or oral polyenes over the 12-
formulation were generally treated during 1989 toweek post-transplant period (£53 225, £28 956 and
1991. However, the authors state that the improve&32 768, respectively)?°! This cost-minimisation
survival is likely to be a result of the change in model was conducted from the perspective of the
antifungal treatment, as no major improvements ifJK National Health Service (1995). It was based
patient or graft survival were obtained during theOn retrospective efficacy data from noncompara-
study period. tive studies, and the time of onset of colonisation

A Dutch model of cost effectiveness, publishedWas assumed to be evenly distributed across the
in abstract form showed that initial therapy 12-week period. Costs included were those related
with liposomal amphotericin B in neutropenic t_o hospltz_;lll_satlop and treatment, including medica-
adults with presumed fungal infections may costtion administration costs and the cost of acute an-

more per complete cure than initial therapy withtifungal treatment (conventional and liposomal
the conventional formulation. Three regimens@mPhotericin B in 75 and 25% of patients, respec-

were compared, each consisting of initial antifun-Uvely) in patients for whom prophylaxis was un-

gal therapy followed, if unsuccessful, by a Second_’su<:ces:~:fuI. Sen.sit.ivity analysis showed that Iip'o-
line regimen. Conventional amphotericin B fol- somal amphotericin B remained a more expensive

lowed by liposomal amphotericin B 1 mg/kg/day prophylactic regimen, even when efficacy of lipo-

cost $13 674 per cure after 15 days. Initial therap)igrgsl ingmstﬁrtlﬁm B W?‘T’tivined tbeft:/r\:eedr; 0 and
with liposomal amphotericin B 1 mg/kg/day (in- od en the acquisition cost ofthe drug was

creased if necessary to 3 mg/kg/day) cost $15 50'9‘55‘.1T“ed to be zero. This result', although (':ount'er
A 7 intuitive, reflects the assumption made in this
per cure; initial liposomal amphotericin B 3 mg/kg/ . L .
: ) odel that failure during liposomal amphotericin
day (increased if necessary to 5 mg/kg/day) cos therapy resulted in a change to a medication with
$20 02429 These cost differences are primarily a Py 9

: - .2~ a lower acquisition cost.
result of the higher acquisition cost of the lipo- ) .

- No studies have examined the pharmacoecono-
somal formulation. Although unstated, the cur-

rency reported in this study was presumably SSUS'ImiC implicatiqns 9f Iiposor_nal amphqtericin B use
. n patients with visceral leishmaniasis.

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 8. place of Liposomal Amphotericin B in
second-line regimens. the Management of Fungal Infections

In contrast with the finding in adults, the same  and Visceral Leishmaniasis
model applied to paediatric patients suggested that
the regimen of liposomal amphotericin B 1 mg/kg/  Incorporation of amphotericin B into unilamel-
day (increased as necessary to 3 mg/kg/day) wagr liposomes significantly ameliorates the toxicity
most cost effectiv€® In this analysis, first-line of the parent drug, permitting the administration of
efficacy estimates for the 3 regimens were 51, 46vell tolerated and effective dosage regimens. Lipo-
and 63%, respectively; the same second-line effisomal amphotericin B is active vitro andin vivo
cacy estimate (58%) was used for all regim@fs. against_eishmaniaparasites and a variety of fun-
In both adults and children, however, an initial dosegal organisms.
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Table XI. Factors contributing to an increased prevalence of fungal
infections(*02

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

Fungal Infections. Worldwide, the prevalence
of fungal infection, especially by opportunistic or-

ganisms [principallyCandida albicansAspergil-
lus fumigatusCryptococcus neoformaramdRhi-
zopus arrhizus (oryzakg)is increasing?!-101-103]

—the treatment of choice for many invasive clinical
infections{!-3:109 put 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 therdjy: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 Aspergillusinfections and 40 and 83%
against invasiv€andidain immunocompromised

The rate of infection by the true pathogenic fungi,Patients have been reported in relatively large stud-

including Histoplasma capsulatunCoccidioides
immitis, Blastomyces dermatitidendParacocci-

ies. Mycological cure in 67 to 85% Gfryptococ-
cusinfections in patients with AIDS appears ex-

dioides brasiliensi§9ll is also increasing. In the tremely promising, and limited comparative data
US, the rate of fungal infections nearly doubledsuggest that the drug may be more effective than
between 1980 and 1990 (from 2 to 3.8 infectionsconventional amphotericin B in these patients. De-
per 1000 hospital dischargd¥®! Some reasons spite the noncomparative nature of most of these
for this increase are summarised in table XI. data, and the small sample sizes in most studies,

Morbidity and mortality secondary to invasive liposomal amphotericin B may be considered a
fungal infections in immunocompromised pa- good choice for systemic antifungal therapy in pa-
tients are high. Haematogendbandidainfection  tients with proven fungal infections who are unable
causes death in 38 to 76% of infected pa-o tolerate, or do not respond to, therapy with con-
tients!104.1051Syrvival of patients with invasives- ~ ventional amphotericin B. Whether liposomal am-
pergillus infection ranges from 0 to 35%981  photericin B has advantages over other available
Cryptococcusnfection is rarely cured in patients lipid-based amphotericin B formulations is, as yet,
with AIDS;197] cryptococcal meningitis has been unknown.
associated with 7 to 29% mortali#{8! and long Prophylaxis with systemic antifungal drugs in
term maintenance therapy is routine in patientdmmuocompromised patients may reduce or delay
who respond to initial theragip’] the development of fungal infections; however,

Management of invasive fungal infections is it may also encourage the emergence of drug-
complicated by difficulties in obtaining precise resistant straing%! Moreover, a recent meta-
and timely diagnoses (section 3). In neutropenicanalysi§é'?l was unable to demonstrate any con-
patients with persistent fevee{2 hours), not re- vincing benefit for prophylactic or empirical
sponding to antibacterial therapy, antifungal ther-antifungal therapy in patients with cancer compli-
apy should be initiated without delBy:01] cated by neutropenia.

For suspected or proven invasive fungal infec- Prophylactic therapy with liposomal amphoter-
tions in neutropenic patients, conventional amphoicin B in immunocompromised patients appears to
tericin B remains — 30 years after its introductionreduce the incidence of proven fungal infections
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and fungal colonisation compared with placebo;and treatment failur&!3! Cure rates range from 57
however, no survival benefit has been demonto 100%, with relapse occurring in up to 22% of
strated. Therefore, routine antifungal prophylaxispatients within 6 months. Treatment-induced toxi-
with the drug cannot be recommended. cities, including chemical pancreatitis, myalgias,
The acquisition cost of liposomal amphotericin arthralgias, abdominal symptoms and headache,
B is considerably higher than that of the conven-are common, but not usually treatment limit-
tional formulation (section 7). Cost-effectivenessing.*113 Conventional amphotericin B has been
analyses of empirical liposomal amphotericin B studied in patients with visceral leishmaniasis, but
therapy in immunocompromised patients with sus-ts use has been limited by the high incidence of
pected fungal infections suggest that savings assaexicities“]
ciated with reduced toxicity and increased efficacy = Although no comparative data with either con-
of the liposomal formulation did not offset its in- ventional amphotericin B or the pentavalent anti-
creased costs. However, 1 model suggested thahonials are available, complete response rates as-
initial use of the liposomal formulation in children sociated with liposomal amphotericin B appear
may cost less per complete cure than use of thpromising (section 4). In several studies, cure rates
conventional formulation. Interestingly, despite in immunocompetent patients approached 100%.
the improved tolerability profile of liposomal am- Complete response rates were lower in immuno-
photericin B compared with conventional ampho-compromised patients and in those with severe
tericin B (section 5), no quality-of-life analyses visceral leishmaniasis or pentavalent antimonial-
have yet been conducted. resistant disease. Relapse up to 1 year is rare in
Visceral Leishmaniasis.Infections caused by immunocompetent patients, but common in pa-
Leishmaniaspp. are prevalent in regions where tients with AIDS. Furthermore, the drug appears to
sandfly vectors and mammalian reservoirs aréhave significant clinical activity in patients with
present in adequate numbers to facilitate transmisvisceral leishmaniasis that is resistant to penta-
sion of the parasité.113! L. infantuminfection oc-  valent antimonial agents. Therefore, liposomal am-
curs sporadically in the Mediterranean region, parphotericin B represents a suitable choice for first-
ticularly in children and immunocompromised or second-line therapy of visceral leishmaniasis.
patients. Visceral leishmaniasis caused bgono- Pharmacoeconomic analyses of liposomal am-
vani is epidemic in Sudan and India and endemighotericin B use in patients with visceral leishma-
in parts of Chindt113.114lE|sewhere, other species niasis have not been conducted. Given the high
are also implicated, including majorandL. cha-  rates of poverty in some of the countries where the
gasi Large outbreaks in South America have beerdisease is endemit] the high acquisition cost of
attributed to the latter organism. Worldwide, atthe drug may limit its use.
least 100 000 cases of visceral leishmaniasis were Tolerability. In patients with suspected or
estimated to exist in 19925 and the global inci- proven fungal infections or visceral leishmaniasis,
dence is increasing14 liposomal amphotericin B is generally very well
Symptomatic visceral leishmaniaskala azaj  tolerated. Discontinuation because of adverse
is commonly fatal if untreated; even with treat- events is generally necessary in fewer than 5% of
ment, 1 to 11% of patients may dtePentavalent patients. Compared with the conventional drug, the
antimonial compounds, including meglumine anti- liposomal formulation is very well tolerated. Neph-
moniate and sodium stibogluconate, have longotoxicity, in particular, occurs far less often after
been the standard treatment for visceral leishmaniiposomal amphotericin B than after the conven-
asis*114These drugs, however, require long treat-tional drug. Hypokalaemia, anaemia and infusion
ment courses (3 to 5 weeks) to be effective, and aneactions are also less common after liposomal am-
increasingly associated with microbial resistancephotericin 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 invasiv€andidaandAspergil-
lus infections, in immunocompromised patients.
Liposomal amphotericin B is also clearly effective
againstC. neoformansnfections 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 sect®

ond-line regimen in the management of visceral
leishmaniasis in immunocompetent patients.
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