
1. Introduction

Amphotericin B is a polyene macrolide derived
from Streptomyces nodosus. Introduced into therapy
in 1957, for decades amphotericin B has been the
“gold standard” for fighting systemic fungal infec-
tions (1, 2).

This drug exerts a fungistatic or fungicidal effect
according to the concentration reached in body fluids
and the susceptibility of the fungus. In order to facili-
tate its use in the treatment of fungal infections, much
attention has been paid to the development of phar-
maceutical forms that could reduce its toxicity, espe-
cially for the kidney. Because of its low solubility in

water and excellent solubility in lipids, amphotericin B
is an ideal candidate for lipid-based formulations (3).
There are currently four commercially available for-
mulations of amphotericin B:

• Amphotericin deoxycholate (Fungizone®). In
water it forms a colloidal suspension with parti-
cles of diameter less than 0.4 µm.
• Liposomal amphotericin (AmBisome®)
• Amphotericin lipid complex (Abelcet®)
• Amphotericin colloidal dispersion (Amphocil®)
AmBisome®, Abelcet® and Amphocil® are lipid

formulations for intravenous infusion, whose prepara-
tion was possible due to the amphipathic nature of
amphotericin B.
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py in 1957, for decades amphotericin B has been the “gold standard” for fighting systemic fungal infections.
In order to facilitate its systemic use, much attention has been paid to the development of pharmaceutical
forms that could reduce its toxicity, especially for the kidney. Because of its low solubility in water and ex-
cellent solubility in lipids, amphotericin B is an ideal candidate for lipid-based formulations. Three different
lipid formulations for intravenous infusion are currently commercially available: liposomal amphotericin
(AmBisome®), Amphotericin lipid complex (Abelcet®) and Amphotericin colloidal dispersion (Amphocil®).
The three lipid formulations of amphotericin B show significantly different structural, physical, chemical,
pharmacokinetic, pharmacodynamic and toxicological characteristics. Several lines of evidence indicate that
the three formulations of amphotericin B are not therapeutically equivalent. First, they are not bioequivalent.
Second, even though a complete picture of controlled clinical research designed to compare effectiveness and
safety of the three lipid formulations is not available, all the clinical studies analyzed report clear differences
in toxicity between the three formulations. AmBisome® appears to be clearly less toxic than the other two
formulations, in terms of nephrotoxicity and of incidence of infusion-related adverse events. Third, the ther-
apeutic non-equivalence of the three lipid formulations of amphotericin B is further supported by statements
of Conferences and Scientific Societies that in their recommendations have awarded different grading to the
three lipid formulations. (www.actabiomedica.it)
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2. Physical and chemical properties

AmBisome® is a lyophilised formulation con-
taining amphotericin B in combination with lipids in
a molar ratio of about 10% (4). It is incorporated into
unilamellar liposomes with a diameter of 60-70 nm,
thus it may be considered as a kind of special colloidal
system (Fig. 1). The liposomes are made up of hydro-
genated soybean phosphatidylcholine, cholesterol and
distearoyl phosphatidylglycerol in a ratio of 10:5:4 (5).
The stability of the liposome is ensured by the fact
that cholesterol and distearoyl phosphatidylglycerol
exhibit a high transition temperature (55°C), close to
which the lipid preparation naturally tends to collapse,
releasing its contents (3).The stability of the liposome
is also guaranteed by its small size.Moreover, the neg-
ative charge of distearoyl phosphatidylglycerol can in-
teract with the positive amino group of amphotericin
B to form an ion complex in the lipid bilayer (4).

Abelcet® is a lipid complex of amphotericin B. It
consists of two phospholipids in a molar ratio of 1:1
with the drug. The two phospholipids, L-α-dimyris-
toyl phosphatidylcholine and dimyristoyl phos-
phatidylglycerol, are present in a ratio of 7:3 (6). Un-
like the liposomal formulation, Abelcet® has a ribbon-
like appearance due to rupture of the lipid bilayer
caused by amphotericin B, and to reorientation of the
lipids and amphotericin B to form ribbon-like struc-
tures larger than 1600 nm (Fig. 1). Both phospho-

lipids have a transition temperature of 23 °C, which is
below body temperature; this means that the lipid
complex may disintegrate before reaching the site of
action.

Amphocil® is made up of amphotericin and sodi-
um cholesteryl sulfate in a 1:1 ratio. It is a colloidal
dispersion with a disc-like structure. Each disc has an
approximate diameter of 122 nm and a thickness of 4
nm (Fig. 1) (7).

3. Pharmacokinetic properties AmBisome®

AmBisome® is made up of small, rigid and
spherical liposomes, that are taken up slowly by the
reticulo-endothelial system (8). Studies with single-
dose AmBisome® in rats and mice have shown greater
plasma concentration, a longer elimination half-life
and a larger AUC than conventional amphotericin.
Moreover, studies with multiple doses have highlight-
ed that the active ingredient is concentrated more in
the spleen and in the liver, whereas concentrations in
the kidney and lungs (Table 1) are similar to those
found after administration of Fungizone® (9). The
uptake of intact liposomes by the liver is rather slow,
leading to a slow decline in liposome blood levels (10).

Clinical trials have been carried out using AmBi-
some®. At a dose of 5 mg/kg, plasma concentration
reaches a peak of 83 mg/l. This concentration, as
shown in Table 2, is 25-200 times higher than that of
Abelcet® and Amphocil® administered at the same
dose. The Cmax for amphotericin B after AmBisome®
administration reaches mean values around 26 and 48
times higher than those obtained after administration
of Abelcet® and Amphocil®, respectively (11, 12).

A phase IV study performed on healthy volun-
teers highlighted that AmBisome®, compared to Fun-
gizone®, Amphocil®, Abelcet® leads to a higher plas-
ma concentration and a lower Vd. (13). There was al-
so a marked decrease in the excretion of unchanged
amphotericin B in urine and feces (14). This could be
the reason for the lower incidence of nephrotoxicity
with AmBisome® (15).

The passage of amphotericin B into brain tissue
also occurred in the presence of intact meninges, andFigure 1.
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tissue concentrations after administration of AmBi-
some® were found to be 6-10 times higher than those
of Abelcet® and Amphocil®.

Finally, after a single intravenous administration,
AmBisome® led to a far higher amphotericin B con-
centration in the aqueous humor of an inflamed eye
than with Abelcet® and Fungizone®.

Abelcet®

Preclinical trials have shown that Abelcet® is tak-
en up rapidly and in significant quantities by mononu-
clear phagocytes of the reticulo-endothelial system.
This results in a concentration of amphotericin B in
the systemic circulation in human subjects that is 5
times lower than when using Fungizone®, with plas-
ma peaks of no more than 5 mg/ml when adminis-
tered at therapeutic doses (1-10 mg/kg) (16, 17).
Pharmacokinetic studies with Abelcet® have shown a
lower AUC0-24 than for Fungizone®. The Vd and
clearance are 3 and 7 times higher, respectively, than
those for Fungizone® (10). Further studies, conducted
using multiple doses in animals, showed a dose-de-
pendent increase in the concentrations of ampho-
tericin B in the liver, spleen and lungs (5).

In a study in mice with pulmonary aspergillosis,
both AmBisome® and Abelcet® administered at dos-
es of 1, 4, 8 or 12 mg/kg resulted in lung concentra-
tions above therapeutic levels (3 g/g), but lung levels
of Abelcet® were still high. In response to a dose of 12
mg/kg, both formulations produced a survival rate of
57%, but at higher doses (15-20 mg/kg) survival rates
in animals treated with AmBisome® rose to 80-90%,
while that of animals treated with Abelcet® were in-
distinguishable from that of the controls. At these
doses, Abelcet® showed clear nephrotoxicity, while
AmBisome® gave renal function parameters similar to
those of controls (18).

Amphocil®

A study by Fielding et al., (16) showed that Am-
phocil®, administered to rats at a dose of 5 mg/kg,
causes a lower peak plasma concentration and the
AUC is 2 times less than for Fungizone®.The Vd and
clearance, by contrast, are higher for Amphocil®. Am-
phocil® is rapidly cleared from plasma and taken up
mainly by the tissues of the reticulo-endothelial sys-
tem, with plasma peaks of no more than 5 mg/ml
when administered at therapeutic doses (1-10 mg/kg)

Table 1. Distribution of the three lipid formulations of amphotericin B

Formulation Plasma Cmax compared Tissue concentration of amphotericin
with conventional compared with conventional amphotericin
amphotericin

Liver Lungs Kidneys

Abelcet® Lower Higher Higher Similar

AmBisome® Higher Higher Similar Similar

Amphocil® Lower Higher Similar Similar

From Metha J (10)

Table 2. Pharmacokinetic parameters of the three lipid formulations of amphotericin B

Formulation Size (nm) Structure Dose (mg/Kg) Cmax (mg/l) AUC (mg·h/l) Vd (l/kg)

Amphotericin deoxycholate 0.035 Micelles 0.6 1.1 17.1 5.1

AmBisome® <0.080 Liposomes 5 83 555 0.11

Abelcet® 1.6-11 Ribbon-like 5 1.7 9.5 131

Amphocil® 0.11-0.14 Disc-like 5 3.1 43 4.3

From Dupont B. (11)
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(16, 17). AUC, Cmax and Vd values appeared to be in-
termediate compared to those for AmBisome® and
Abelcet® administered at the same doses (Table 2).

As far as distribution is concerned, the highest
tissue concentrations were found in the liver, spleen
and bone marrow. The high concentrations of Am-
phocil® in the liver were caused by the rapid and ex-
tensive uptake by the liver phagocytic cells. Therefore,
it has been proposed that the liver may act as a reser-
voir of lipid-complexed amphotericin from which the
active ingredient is slowly released (16). Moreover, its
small size enables Amphocil® to cross the pulmonary
vascular bed without accumulating there (19). The
concentration of amphotericin in other organs, such as
the kidney and heart, is comparable to those found af-
ter administration of Fungizone® (20). The concen-
trations observed in the kidney were three times high-
er after Amphocil® than after AmBisome® (21).

4. Pharmacodynamic properties and mechanism of
action

The exact mechanism of action by which ampho-
tericin B contained in AmBisome® penetrates the
fungal cell has not yet been clarified. It has been sug-
gested that amphotericin B activity is due to the high
binding affinity of amphotericin B for ergosterol, the
main component of the plasma membrane in fungi.
Amphotericin B molecules form a rosette pattern
around ergosterol, leading to a structural modification
of the membrane, with pore formation.The pores lead
to the formation of channels through which compo-
nents of the fungal cell can leak, thus altering the os-
motic integrity of the cell and causing its death. Inhi-
bition of the proton ATPase in the fungal cell mem-
brane and inhibition of lipid peroxidation are addi-
tional cytotoxic mechanisms of amphotericin B (22).

Amphotericin B has a concentration-dependent
type activity, i.e. primarily related to the concentration
at which it reaches the fungal cell. For a Cmax/MIC ra-
tio of 4, amphotericin B is already clearly effective,
and its efficacy becomes optimal at a ratio of 10 (22,
23). Since the activity of amphotericin B is concentra-
tion-dependent, it should be administered once daily
by infusion, whose duration (3-4 hours for deoxy-

cholate and 2 hours for AmBisome®) is conditioned
by the toxicity of the formulation used.

The concentration-dependent effect is also asso-
ciated with a post-antifungal effect (PAFE), i.e. repli-
cation of the fungus remains suppressed even when
the drug concentration has fallen below the MIC.
Amphotericin B has a significant PAFE, higher than
that of echinocandins; triazoles are not associated with
PAFE (3). The onset of resistance to amphotericin B
is unlikely (24).

In AmBisome®, amphotericin B is closely inte-
grated with the liposome membranes forming a non-
covalent complex between amphotericin B my-
cosamine (positively charged) and distearoyl phos-
phatidylglycerol (negatively charged), as well as by hy-
drophobic interactions with the cholesterol membrane
(12). The stability of the formulation does not affect
its efficacy. Experiments with the dye sulforhodamine
have shown that liposomes accumulate at the site of
infection by adhering to the surface of fungal cells
even when they lack amphotericin B (25, 26). In fun-
gal cells the liposome disintegrates and releases am-
photericin B, which can thus exert its antifungal ac-
tion at the site of infection (25).

The mechanism proposed for Abelcet® is differ-
ent. In fact, it is assumed that fungal lipases play a cru-
cial role by acting on the lipid formulation to induce
release of Amphotericin B into the tissues (27). For
Amphocil®, by contrast, it is suggested that the prod-
uct is taken up by the phagocytic cells of the liver
which then release processed amphotericin B into the
circulation (20). In particular, macrophages can func-
tion as reservoirs of amphotericin B, due to their in-
tracellular and extracellular antimicrobial activity. In
this regard, Mehta et al. (10) showed that the im-
provement in the anti-candidiasis activity of AmBi-
some® is not due to the activation of macrophages. It
seems that the improvement in anti-candidiasis activ-
ity depends on the increased uptake and retention of
AmBisome® and its slow release by the macrophages.
Indeed, AmBisome® is ingested by macrophages (28,
29) or monocytes and slowly processed and released to
carry out its intra- ed extra-cellular antimicrobial ac-
tivity. The speed with which AmBisome® is released
by the macrophages is influenced by the stability of
the complex (30).
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5. Toxicity

Amphotericin B also shows affinity, although
lower, for the cholesterol of human cell membranes;
this property is at the basis of its potential toxicity.

Boswell et al. (12) reported that AmBisome® li-
posomes damage the membranes of erythrocytes to a
far lesser extent than Amphocil® and Abelcet®. On in
vitro erythrocytes, amphotericin B damages the mem-
brane, releasing potassium and hemoglobin into the
medium. The different formulations of amphotericin
B were incubated with erythrocytes for 4 hours at 37°.
The release of potassium into the medium was caused
by low concentrations of Fungizone®. Amphocil® and
Abelcet® required higher concentrations; AmBi-
some® required concentrations 3-4 times higher than
those of Abelcet® and Amphocil® to cause leakage of
potassium into the medium.

The fact that amphotericin B is retained by the
liposomal dosage form until the site of infection is
reached reduces the risk of nephrotoxicity related to
high cholesterol content in renal tubular cells.

On the other hand, AmBisome® liposomes re-
main intact in the plasma for about 24 hours, allowing
them to continuously affect the properties of the am-
photericin B that they contain.

6. Clinical efficacy trials

In vitro, the order of antifungal activity is Fungi-
zone® > Abelcet® > Amphocil® > AmBisome® (31,
32). Studies carried out in vitro do not take into ac-
count the different pharmacokinetic distribution of
amphotericin B in the various formulations and do
not correspond to the results obtained in vivo (33).

Ostrosky-Zeichner et al.(1) examined several
clinical trials which highlighted that all of the new
formulations of amphotericin B were more efficacious
than Fungizone®. So the comparison between the ef-
ficacy of the different formulations of amphotericin B
is subject to debate. In a very recent article, Bellmann
(2) reports that AmBisome® was compared with Fun-
gizone® in two randomized clinical trials and as em-
pirical therapy for a multicenter randomized trial in
687 patients with persistent fever and neutropenia.

The therapeutic efficacy of AmBisome® was similar
to that of Fungizone®, while both nephrotoxicity and
the incidence of infusion-related adverse events were
significantly lower after administration of AmBi-
some® (34).

The treatment of fungal infections is not easy, as
most of the organs generally appear to be infected and
patients often have concurrent diseases.

In order to compare the activity of various for-
mulations of amphotericin B, it would be interesting
to evaluate the various pharmacokinetic characteristics
of the lipid formulations related to their clinical effi-
cacy. In this regard, it is important to focus attention
on the target organs of amphotericin B, which are the
main target of the pathogens.

In patients with disseminated candidiasis, it would
be logical to state that AmBisome®, which has the
highest elimination half-life (35), could be more effica-
cious than the other formulations of amphotericin B.
In fact, Linder et al. (36) reported that clearance of
fungemia was obtained in 83% of patients receiving
AmBisome®, in 57% of subjects treated with Am-
phocil® and 68% of patients treated with Fungizone®.

Treatment with AmBisome® and Abelcet®
shows that response rates in aspergillosis are much
higher than with Fungizone® (1, 37, 38). The prefer-
ential localization of amphotericin B in the lungs and
the high doses of Abelcet® and AmBisome® adminis-
tered compared to those of Fungizone® may explain
the difference in efficacy.

In Cryptococcus infections, in which the CNS is
the primary site of infection, AmBisome® has a sig-
nificantly greater effect than Fungizone® (39). Anoth-
er study highlighted the greater efficacy of Abelcet®
(86%) compared to Fungizone® (65%) (40).

Recently, AmBisome® was registered for the
treatment of visceral leishmaniasis (in which the par-
asite localises preferentially at the level of the reticulo-
endothelial system), and a single dose of 5 mg/kg
proved to be sufficient to treat 90% of patients in a
clinical study performed in India (41, 42). Other lipid
formulations of amphotericin B have been shown to
have similar efficacy, although multiple doses are re-
quired (43, 44).

AmBisome® has been compared to Abelcet® for
the empirical treatment of febrile neutropenia (45).
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Although the two formulations have similar efficacy,
AmBisome® was associated with significantly lower
toxicity and therefore fewer patients receiving AmBi-
some® discontinued the therapy. Several studies report
that Amphocil® has antifungal efficacy similar to that
of Fungizone®, but that the toxicity of the latter was
significantly higher than that of Amphocil® (2).

Lanternier and Lortholary (46) report the results
of several retrospective studies on the survival of pa-
tients with zygomycosis treated with one of the three
lipid formulations of amphotericin B. The survival
rate was 69% with AmBisome®, 75% with Abelcet®,
60% with Amphocil®, and 61% with Fungizone®.

Finally, Moen et al. (47) report that liposomal
amphotericin B remains the first-line option for em-
pirical therapy in patients with febrile neutropenia and
in those with disseminated histoplasmosis and an op-
tion for AIDS-associated cryptococcal meningitis and
invasive Candida and Aspergillus infections. In com-
parison with other amphotericin B formulations,
treatment with liposomal amphotericin B is associat-
ed with a lower incidence of infusion-related adverse
reactions and with reduced nephrotoxicity in response
to a standard dose of 3 mg/kg/day.

7. Tolerability and safety studies

The main problem of amphotericin B is its po-
tential toxicity, in particular its nephrotoxicity, and in-
fusion-related adverse reactions, such as chills, stiff-
ness, fever and hypoxia. In this regard, several authors
have argued that the choice of amphotericin B dosage
form should be primarily based on its toxicological
properties (48-50).

In 1995, Arning had already shown that AmBi-
some® infusion induces fewer adverse events than
Abelcet® and Amphocil®, attributing this difference
to the lower release by AmBisome® of cytokines.
These formulations led to significant infusion-related
adverse events, and resulted in a significant increase in
plasma levels of IL-6 and IL-8, although to a lesser
extent than IL-6 (51, 52).

Lipid formulations show less nephrotoxicity than
Fungizone®. In a multicenter double-blind clinical
study (34), 687 patients were randomized to receive
either AmBisome® or Fungizone® as empirical thera-
py for persistent fever and neutropenia. Similar out-
comes were observed in terms of survival and resolu-
tion of fever. But AmBisome® was associated with
lower nephrotoxicity and fewer infusion-related ad-
verse events. Probably, AmBisome® has less adverse
events because the concentration of Amphotericin B
in this formulation is lower (1). An important role in
the induction of nephrotoxicity is the different state of
aggregation of amphotericin B. The amphotericin B
in Fungizone® is in an oligomeric state, which is the
most cytotoxic, while the lipid formulations contain
less toxic aggregates.

Furthermore, AmBisome® is less toxic than
Abelcet® (11). In fact, a randomized double-blind
study clarified that nephrotoxicity, assessed on the ba-
sis of a doubling of serum creatinine, is significantly
higher for Abelcet® at both 3 and 5 mg/kg/day than
for AmBisome® (53). Moreover, Abelcet®, unlike
AmBisome®, causes a significant number of adverse
events such as chills and shivering, fever, hypoxia and
other infusion-related reactions (Table 3).

Various studies have shown that AmBisome® has
a better profile in terms of reactions during the first

Table 3. Reactions related to the first day of infusion for Abelcet® and AmBisome®

Reactions Percentage of patients
AmBisome® AmBisome® Abelcet® P value
(3 mg/Kg) (5 mg/Kg) (5 mg/Kg)

Chills/Shivering 18.8 23.5 79.5 <0.001

Fever (increase = 1°C) 23.5 19.8 57.7 <0.001

Hypoxia 0 1.2 11.5 <0.001

Other reactions 18.8 25.9 41.0 <0.001

From Dupont B. J Antimicrob Chemother 2002; 49, suppl S1: 31-36 (11)
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day of infusion (11) . In a recent prospective study in
immunocompromised patients conducted in 20 Euro-
pean centers (LEAD I), it was noted that the various
formulations of amphotericin B exert a strong influ-
ence on nephrotoxicity, which was associated with
longer duration of hospitalization (54) and higher
mortality.

One study in 20 subjects died for failure of vari-
ous organs showed concentrations in the kidney and
lungs that were three times higher after Amphocil®
than after AmBisome® (21). Pea (3) suggests that the
risk of nephrotoxicity may be inversely related to ac-
cumulation of the drug in the kidney.

A dose-escalation study (55) with repeated ad-
ministrations of up to 15 mg/kg of AmBisome®
showed better tolerability by patients compared to
Fungizone®, and when administered with other
nephrotoxic drugs such as cyclosporins, AmBisome®
does not significantly increase nephrotoxicity (56).

Furthermore, on the basis of its lower toxicity and
its greater ability to penetrate the brain compared to
the other lipid formulations, AmBisome® was ap-
proved as a drug that, at high doses and repeated ad-
ministrations, can treat brain and other stubborn in-
fections (fusariosis and zygomycosis).

The better tolerability of lipid formulations has
been documented by a meta-analysis study in over
4500 patients (57). The paper reports that discontinu-
ation of antifungal therapy due to toxicity problems is
on average 5-15 times lower for the three lipid formu-
lations, compared to Fungizone®. The three lipid for-
mulations gave rise to much lower nephrotoxicity than
that of Fungizone®. Of the three lipid preparations,
AmBisome® had the lowest nephrotoxicity.

8. Guidelines and recommendations

Scientific Societies in the field have awarded dif-
ferentiated grading to the various lipid formulations of
amphotericin B.

The recommendations of the First European
Conference on Infections in Leukaemia (ECIL-1),
for empirical treatment in neutropenia patients, dis-
tinguish between AmBisome®, Abelcet® and Fungi-
zone® (57).

As regards treatment for invasive aspergillosis,
the ECIL attributed level BI for AmBisome®, BII for
Abelcet®, and DI for Fungizone® and Amphocil®.

On the other hand, for the treatment of invasive
aspergillosis, the most recent guidelines of the Infec-
tious Diseases Society of America (IDSA) report that
“liposomal amphotericin B can be considered as alter-
native first-line therapy in some patients (A-I)” (58).

The recommendations from the Second ECIL
Conference are also different for AmBisome® in rela-
tion to other lipid formulations of amphotericin B for
treating candidemia in hematological patients prior to
identifying the fungal species involved (Table 4).

Update ECIL-2 2007

It seems evident that the recommendations of au-
thoritative scientific Societies make a clear distinction
between the different lipid formulations of ampho-
tericin B for the purposes of their use in therapy.

In 2009, the IDSA published an Update to the
Guidelines for the treatment of candidiasis, compared
with those previously published in January 2004.

The 2009 Guidelines mention the three different
lipid formulations of amphotericin B: AmBisome®,
Abelcet® and Amphocil®. In this regard, the Guide-
lines indicate that the three formulations have the
same spectrum of activity as Fungizone®, but each of
them presents different pharmacological properties
and frequencies of treatment-related adverse events,
and “should not be interchanged without careful con-
sideration”.

Table 4. Candidemia in hematologic patients before species
identification

Overall population Hematological pts

Micafungin A I B II
Anidulafungin A I B II
Caspofungin A I B II
AmBisome® A I B II
Other lipid-AmB A II B II
Fluconazole A I * C III
Voriconazole A I ** B II

* Not in severely ill patients or in patients with previous azole
prophylaxis
** Not in patients with previous azole prophylaxis
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In a recent review article (46) the authors argue
that liposomal amphotericin:

1. May be considered first-line treatment for
HIV-positive patients with disseminated histo-
plasmosis and patients with cryptococcal
meningitis, even in the presence of kidney dam-
age or administration of nephrotoxic drugs.

2. In the case of zygomycosis, liposomal ampho-
tericin B is a first-line treatment and high dos-
es are recommended.

3. Liposomal amphotericin B may play a primary
role in the empirical treatment of persistent
febrile neutropenia.

4. For invasive aspergillosis, use is recommended
in cases associated with risk of drug interac-
tions and for patients with renal failure or azole
intolerance.

5. Liposomal amphotericin B remains a viable
therapeutic option for treating candidemia and
a cornerstone for the treatment of certain vis-
ceral locations in systemic candidiasis, in partic-
ular in patients with renal impairment or for
concomitant use of nephrotoxic drugs, as well as
in cases of Candida meningitis or endocarditis.

9. Conclusions

Based on the above considerations and data from
the literature, can it be argued that the three formula-
tions of amphotericin B are bioequivalent and thera-
peutically equivalent to each other?

To answer this question, it must first be remem-
bered that the concept of equivalence is based on three
factors: pharmaceutical equivalence, bioequivalence
and therapeutic equivalence. Two preparations are
considered pharmaceutically equivalent if they have
the same qualitative and quantitative composition of
active ingredients and the same pharmaceutical form.
Two pharmaceutical equivalents are defined as bioe-
quivalent when, following administration of the same
dose, their bioavailability do not differ statistically. If
it is shown that two pharmaceutically equivalent
forms are also bioequivalent, it can be assumed that
they should be also therapeutically equivalent (theory
of therapeutic equivalence).

The pharmacokinetic parameters of the lipid for-
mulations of amphotericin B are markedly different
from those of Fungizone®.

Indeed, AmBisome® is associated with a much
higher amphotericin B AUC than Amphocil® and
Abelcet® (3, 11). The Cmax of AmBisome® appears to
be much higher than that of the other two lipid for-
mulations. In agreement with these data, the volume
of distribution of AmBisome® is decidedly lower than
that reported for the two other lipid formulations.

Moreover, the data in Table 2 show that the AUC
of amphotericin B for Abelcet® is equal to 1.71% that
of AmBisome®. On the other hand, the AUC for
Amphocil® is equal to 7.74% of that of AmBisome®.
In relation to Cmax, Abelcet® reaches a Cmax equivalent
to 2.04% compared to AmBisome®, while Amphocil®
reaches a Cmax equivalent to 3.73% of that of AmBi-
some®.

Since the 90% confidence interval for AUC, and
the Cmax for the three lipid formulations are both out-
side the range 80-125% (59), the formulations cannot
be considered bioequivalent.

Finally, the three different lipid formulations of
amphotericin B (AmBisome®, Abelcet® and Am-
phocil®) cannot be considered therapeutically equiva-
lent because:

1. They are not bioequivalent.
2. There is no complete picture of controlled
clinical research designed to compare the ef-
fectiveness of three lipid formulations of am-
photericin B and clinical trials available in the
literature often document similar efficacies be-
tween the different lipid formulations of am-
photericin B, and between lipid formulations
and Fungizone®; only a few studies highlight
greater activity of liposomal amphotericin B.
On the other hand, all of the clinical studies
analyzed report clear differences in toxicity be-
tween the various formulations of ampho-
tericin B. AmBisome® appears to be clearly
less toxic than the other two formulations,
again in terms of nephrotoxicity and of inci-
dence of infusion-related adverse events.

3. The therapeutic non-equivalence of the three
lipid formulations of amphotericin B is further
supported by the fact that in their recommen-
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dations Conferences and Scientific Societies
have awarded different grading to the three
lipid formulations of amphotericin B.

References

1. Ostrosky-Zeichner L, Marr KA, Rex JH. Amphotericin B:
time for a new “gold standard”. Clin Inf Dis 2003; 37: 415-
25.

2. Bellmann R. Efficacy and pharmacokinetics of lipid-based
Amphotericin B formulations.Clinical Advances in Hematol-
ogy and Oncology 2009; 7 (suppl 10): 2-4.

3. Pea F. Caratteristiche farmacocinetiche delle formulazioni
lipidiche dell’amfotericina B: quali differenze e quali van-
taggi? Nuove Prospettive in Terapia 2005; Anno XV 3.

4. Scaglione F. Evoluzione dei farmaci antimicotici. Elsevier,
2009.

5. Adler-Moore JP, Proffitt RT. Development, characteriza-
tion, efficacy and mode of action of ambisome, a unilamel-
lar liposomal formulation of amphotericin B. J Liposome Res
1993; 3: 429-450.

6. Lopez-Berestein G, Mehta R, Hopfer R, Mehta K, Hersh
EM, Juliano R. Effects of sterols on the therapeutic efficacy
of liposomal amphotericin B in murine candidiasis. Cancer
Drug Deliv 1983; 1: 37-42.

7. Guo LSS, Fielding RM, Lasic DD. Novel antifungal drug
delivery: stable amphotericin B-cholesteryl sulphate discs.
Intl J Pharm 1991; 75: 45.

8. de Marie S, Janknegt R, Bakker-Woundenberg IA. Clinical
use of liposomal and lipid complexed amphotericin B. J An-
timicrob Chemother 1994; 33: 907-16.

9. Proffitt RT, Satorius A, Chiang S.M, Sullivan L, Adler-
Moore JP. Pharmacology and toxicology of a liposomal for-
mulation of amphotericin B (AmBisome) in rodents. J An-
timicrob Chemother 1991; 28 (Suppl B): 49-61.

10. Mehta J. Do variations in molecular structure affect the clin-
ical efficcay and safety of lipid-based Amphotericin B
preparations? Leukemia Research 1997; 21: 183-6.

11. Dupont B. Overview of the lipid formulations of ampho-
tericin B. J Antimicrob Chemother 2002; 49 (Suppl 1): 31-6.

12. Boswell GW, Buell D, Bekersky I. AmBisome (liposomal
amphotericin B): a comparative review. J Clin Pharmacol
1998; 38: 583-92.

13. Bellmann R. Clinical pharmacokinetics of systemically ad-
ministered antimycotics. Curr Clin Pharmacol 2007; 2: 37-
58.

14. Bekersky I, Fielding RM, Dressler DE, et al. Pharmacoki-
netics, excretion, and mass balance of liposomal ampho-
tericin B (AmBisome) and amphotericin B deoxycholate in
humans. Antimicrob Agents Chemother 2002; 46: 828-33.

15. Bekersky I, Fielding RM, Dressler DE, Lee JW, Buell DN,
Walsh TJ. Plasma protein binding of amphotericin B and
pharmacokinetics of bound versus unbound amphotericin B
after administration of intravenous liposomal amphotericin

B (AmBisome) and amphotericin B deoxycholate. Antimi-
crob Agents Chemother 2002b; 46: 834-40.

16. Fielding RM, Smith PC, Wang LH, Porter J, Guo LS.
Comparative pharmacokinetics of amphotericin B after ad-
ministration of a novel colloidal delivery system, ABCD,
and a conventional formulation to rats. Antimicrob Agents
Chemother 1991; 35: 1208-13.

17. Olsen SJ, Swerdel MR, Blue B, Clark JM, Bonner DP. Tis-
sue distribution of amphotericin B lipid complex in labora-
tory animals. J Pharm Pharmacol 1991; 43: 831-5.

18. Olson JA, Adler-Moore JP,Marr KA, Rex JH. Comparative
efficacies, toxicities, and tissue concentrations of Ampho-
tericin B lipid formulations in a murine pulmonary as-
pergillosis model. Antimicrobial Agents and Chemotherapy
2006; 50: 2122-31.

19. Taylor R, Williams DM, Craven PC, Graybill JR, Drutz
DJ,MageeWE.Amphotericin B in liposomes: a novel ther-
apy for histoplasmosis. Am Rev Respir Dis 1982; 125: 610-1.

20. Fielding RM, Singer AW, Wang LH, Babbar S, Guo LS.
Relationship of pharmacokinetics and drug distribution in
tissue to increased safety of amphotericin B colloidal disper-
sion in dogs.Antimicrob Agents Chemother 1992; 36: 299-307.

21. Vogelsinger H, Weiler S, Djanani A, et al. Amphotericin B
tissue distribution in autopsy material after treatment with
liposomal amphotericin B and amphotericin B colloidal dis-
persion. J Antimicrobiol Chemother 2006; 57: 1153-60.

22. Andes D, Stamsted T, Conklin R. Pharmacodynamics of
amphotericin in neutropenic mouse disseminated-candidia-
sis model. Antimicrob Agents Chemother 2001; 45: 922-6.

23. Andes D. Antifungal pharmacokinetics and pharmacody-
namics: understanding the implications for antifungal drug
resistance.Drug Resist Update 2004; 7: 185-94.

24. Barker KS, Rogers PD. Recent insights into the mecha-
nisms of antifungal resistance. Curr Infect Dis Resp 2006; 8:
449-56.

25. Adler-Moore J, Proffitt RT. AmBisome: liposomal formula-
tion, structure, mechanism of action and pre-clinical experi-
ence. J Antimicrob Chemother 2002; 49 (Suppl 1): 21-30.

26. Adler-Moore J, Olson JA, Proffitt RT. Alternative dosing
regimens of liposomal amphotericin B (Ambisome) effective
in treating murine systemic candidiasis. J Antimicrob
Chemother 2004; 54: 311-7.

27. Perkins WR,Minchey SR, Boni LT, et al. Amphotericin B-
phospholipid interactions responsible for reduced mam-
malian cell toxicity. Biochim Biophys Acta 1992; 1107: 271-
82.

28. Mehta RT, McQueen TJ, Keyhani A, López-Berestein G.
Phagocyte transport as mechanism for enhanced therapeu-
tic activity of liposomal amphotericin B.Chemotherapy 1994;
40: 256-64.

29. Legrand P, Vertut-Doi A, Bolard J. Comparative internal-
ization and recycling of different amphotericin B formula-
tions by a macrophage-like cell line. J Antimicrob Chemother
1996; 37: 519-33.

30. Vyas SP, Gupta S. Optimizing efficacy of amphotericin B
through nanomodification. Int J Nanomedicine 2006; 1: 417-
32.

13-cifani:13-cifani 26-10-2012 12:56 Pagina 162



163Lipid formulations of amphotericin B

31. Anaissie E, Paetznick V, Proffitt R, Adler-Moore J, Bodey
GP. Comparison of the in vitro antifungal activity of free
and liposome-encapsulated amphotericin B. Eur J Clin Mi-
crobiol Infect Dis 1991; 10: 665-8.

32. Johnson EM,Ojwang JO, Szekely A,Wallace TL,Warnock
DW. Comparison of in vitro antifungal activities of free and
liposome-encapsulated nystatin with those of four ampho-
tericin B formulations. Antimicrob Agents Chemother 1998;
42: 1412-6.

33. Yardley V, Croft SL. A comparison of the activities of three
amphotericin B lipid formulations against experimental vis-
ceral and cutaneous leishmaniasis. Int J Antimicrob Agents
2000; 13: 243-8.

34. Walsh TJ, Finberg RW, Arndt C, et al. Liposomal ampho-
tericin B for empirical therapy in patients with persistent
fever and neutropenia. National Institute of Allergy and In-
fectious diseases Mycoses Study Group.N Engl J Med 1999;
340: 764-71.

35. Adedoyin A, Swenson CE, Bolcsak L.E, et al. A pharmaco-
kinetic study of amphotericin B lipid complex injection
(Abelcet) in patients with definite or probable systemic fungal
infections. Antimicrob Agents Chemother 2000; 44: 2900-2.

36. Linden PK. Amphotericin B lipid complex for the treat-
ment of invasive fungal infections Expert Opin Pharmacother
2003; 4: 2099-110.

37. Denning DW. Therapeutic outcome in invasive aspergillo-
sis. Clin Infect Dis 1996; 23: 608-15.

38. Linder N, Klinger G, Shalit I.Treatment of candida-emia in
premature infants: comparison of three amphotericin B
preaparations. J Antimicrob Chemother 2003; 52: 663-7.

39. Leenders AC, Reiss P, Portegies P, et al. Liposomal ampho-
tericin B (AmBisome) compared with amphotericin B both
followed by oral fluconazole in the treatment of AIDS-as-
sociated cryptococcal meningitis. AIDS 1997; 11: 1463-71.

40. Sharkey PK,Graybill JR, Johnson ES, et al. Amphotericin B
lipid complex compared with amphotericin B in the treat-
ment of cryptococcal meningitis in patients with AIDS.Clin
Infect Dis 1996; 22: 315-21.

41. Sundar S, Rai M. Advances in the treatment of leishmania-
sis. Curr. 19. Opin Infect Dis 2002; 15: 593-8.

42. Croft SL, Barrett MP, Urbina JA. Chemotherapy of try-
panosomiases and leishmaniasis. Trends Parasitol 2005; 21:
508-12.

43. Martino R. Efficacy, safety and cost-effectiveness of Am-
photericin B Lipid Complex (ABLC): a review of the liter-
ature. Curr Med Res Opin 2004; 20: 485-504.

44. Goldsmith DR, Perry CM. Amphotericin B lipid complex:
in visceral leishmaniasis.Drugs 2004; 64: 1905-11.

45. Wingard JR. Lipid formulations of amphotericins: are you a
lamper or a splitter? Clin Infect Dis 2002; 35: 891-5.

46. Lanternier F, Lortholary O. Liposomal amphotericin B:
what is its role in 2008? Clin Microbiol Infect 2008; 14 (Sup-
pl. 4): 71-83.

47. Moen MD, Lyseng-Williamson KA, Scott LJ. Liposomal
amphotericin B: a review of its use as empirical therapy in
febrile neutropenia and in the treatment of invasive fungal
infections.Drugs 2009; 69: 361-92.

48. Barrett JP, Vardulaki KA, Conlon C, et al. Amphotericin B
Systematic Review Study Group: A systematic review of the
antifungal effectiveness and tolerability of Amphotericin B
formulations. Clin Ther 2003; 25: 1295-320.

49. Ellis D. Amphotericin B: spectrum and resistance . J. An-
timicrob. Chemother 2003; 49 (Suppl. 1): 7-10.

50. Sterba, J. Safety of Aphotericin B formulations. Clinical Ad-
vances in Hematology and Oncology 2009; 7 (suppl. 10): 5-6.

51. Turtinen LW, Bremer LA, Prall DN, Schwartzhoff J, Hart-
sel SC. Distinct cytokine release profiles from human en-
dothelial and THP-1 macrophage-like cells exposed to dif-
ferent amphotericin B formulations. Immunopharmacol Im-
munotoxicol 2005; 27: 85-93.

52. Simitsopoulou M, Roilides E, Dotis J. Differential expres-
sion of cytokines and chemokines in human monocytes in-
duced by lipid-formulations of amphotericin B. Antimicrob
Agents Chemoter 2005; 49: 1397-403.

53. Amph/ABLC Collaborative Study Group. A randomized,
double-blind comparative trial evaluating the safety of lipo-
somal amphotericin B versus amphotericin B lipid complex
in the empirical treatment of febrile neutropenia. L
Amph/ABLC Collaborative Study Group. Clin Infect Dis
31: 1155-63.

54. Ullmann AJ, Sanz MA, Tramarin A, et al. Longitudinal
Evaluation of Antifungal Drugs (LEAD I) Investigators.
Prospective Study of Amphotericin B Formulations in Im-
munocompromised Patients in 4 European Countries.Clin-
ical Infectious Diseases 2006; 43: 29-38.

55. Walsh TJ, Goodman JL, Pappas, P, et al. Safety, tolerance,
and pharmacokinetics of high-dose liposomal amphotericin
B (AmBisome) in patients infected with Aspergillus species
and other filamentous fungi: maximum tolerated dose study.
Antimicrob. Agents Chemother 2001; 45: 3487-96.

56. Ringdén O, Andström E, Remberger M, Svahn BM,Tolle-
mar J. Safety of liposomal amphotericin B (AmBisome) in
187 transplant recipients treated with cyclosporin. Bone
Marrow Transplant 1994; 14 (Suppl 5): S10-4.

57. Girois SB, Chapuis F, Decullier,E, Revol BG. Adverse ef-
fects of antifungal therapies in invasive fungal infections: re-
view and meta-analysis.Eur J Clin Microbiol Infect Dis 2005;
24: 119-30.

58. Walsh TJ, Anaissie EJ, Denning DW, et al. Treatment of
Aspergillosis: Clinical Practice Guidelines of the Infectious
Diseases Society of America. Clinical Infectious Diseases
2008; 46: 327-60.

59. EMEA CPMP, july 2001. Note for Guidance on the Inves-
tigation of Bioavailability and Bioequivalence.

Accepted: 5th July 2012
Correspondence: Liberato Berrino, MD
Department of Experimental Medicine
Pharmacology Division,
Second University of Naples
Via Costantinopoli 16, 80138 Naples, Italy
E-mail: liberato.berrino@unina2.it

13-cifani:13-cifani 26-10-2012 12:56 Pagina 163




