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Summary 

The unilamellar liposomal formulation of amphotericin B, AmBisome, is composed of 
hydrogenated soy phosphatidylcholine, distearoyl phosphatidylglycerol and chol- 
esterol. Early studies of its efficacy in an open design showed that remissions could be 
induced in candidosis and aspergillosis and that doses of up to 5 mg/kg could be used. 
Adverse events were infrequent, with the main abnormality seen being hypokalaemia 
in about I8% of patients. Subsequent developments have extended this work. 
AmBisome has been used in two open studies of patients with invasive aspergillosis; 
in one of these remission was achieved in 77 % of I7 patients with confirmed infection 
who had failed to respond to conventional amphotericin B. In AIDS patients with 
cryptococcosis AmBisome given for 6 weeks at 3 mg/kg daily produced mycological 
remission of meningitis in 67 %. Other infections treated with the drug include 
zygomycete (mucormycosis) and Fusarium infections. AmBisome has also been used 
as preventative therapy in bone marrow transplant recipients and was found to reduce 
fungal colonisation rates. There were fewer systemic fungal infections in the treated 
versus placebo groups although this did not achieve statistical significance. Lack of 
renal and liver toxicity or anaemia has been confirmed in subsequent studies. In 
addition febrile reactions to the AmBisome are rare. The drug has also been used 
effectively in children, including infants, with systemic fungal infections. In visceral 
leishmaniasis patients, including HIV positive individuals, remissions have been 
obtained using drug regimens of I-2 mg/kg of 2.I days and 3 mg/kg for Io days. 

Introduction 

The  treatment  of choice for a significant number  of systemic fungal infections 
including systemic candidosis, aspergillosis and mucormycosis  is intravenous 
amphotericin B. 1 It  is also used for the t reatment  of cryptococcal meningitis in 
n o n A I D S  patients in combination with flucytosine ~ and as initial therapy in 
A I D S  patients with cryptococcosis. Amphoter ic in  B has a broad spectrum of 
activity against the main fungal pathogens,  wider than tlle alternatives. 3 I t  has 
also been used for considerably longer. In  addition to these advantages it can 
be given parenterally to the severely sick and comatose patient. There  have 
been few objective comparative studies with alternative drugs and therefore 
much  of the information on dosages and adverse reactions are based on open 
studies and clinical experience. 3 

T h e  major disadvantage of  amphoter ic in  B is the high incidence of  adverse 
reactions f rom hyperpyrexia,  severe malaise, hypotension,  thrombophlebi t is ,  
azotemia, renal tubular  damage, and hypokalaemia to anaemia and hepa- 
titis. 3'4'5 A second problem has been the poor results of  t rea tment  of  the 
patient  with cont inuing neutropenia,  an outcome seen with both candidosis 
and aspergillosis. 6, 7 Various reasons have been proposed for these observations 
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including reduced bioavailability of drug at the site of infection 8 and increased 
drug resistance. 9 

For these reasons considerable effort has been expended in finding analogues 
of the drug such as the methyl  esters 1° or different formulations with reduced 
toxicity. Reconsideration of the early studies of amphotericin B suggested that 
the conventional formulation of the compound  in deoxycholate had increased 
the likelihood of adverse events while improving on efficacy. ~1 Means of 
overcoming this di lemma have largely focused on the use of lipid combinations 
of the drug such as colloidal dispersions in lipid. The  liposomal amphotericin 
B formulations 1%13 are examples of  such developmental work where an 
alternative to the conventional form of amphotericin B (AMB) has been 
produced within a true lipid vesicle, the object being to enhance delivery while 
reducing toxicityJ ~ This  article is concerned with one of these new 
formulations, a unilamellar liposomal form of amphotericin B, AmBisome. 

A m B i s o m e  

AmBisome is a l iposome encapsulated formulation of amphotericin B. 15 The  
product  is based on unilamellar liposomes containing phosphatidylcholine,  
cholesterol, distearoylphosphatidyl-glycerol and amphotericin B in a molar 
ratio of  2: I :o'8:o'4. The  mean size of the lipid vesicles is less than I OO n m  and 
amphotericin B is bound  across the lipid bilayer. AmBisome is supplied in 
lyophilised form which has to be reconsti tuted with cool sterile water and 
allowed to equilibrate at 65 °C for ten minutes  before infusion in 5 % dextrose; 
a modified reconstitution process involving equilibration at room temperature 
has been developed recently. Like the conventional formulation of ampho-  
tericin it is not  compatible with saline based infusions. A filter is incorporated 
into the giving set to ensure that aggregates of lipid droplets are not  
administered. 

Studies using fluorescent tagged liposomes containing AMB (AmBisome) 
compared to identical control liposomes show that contact of lipid particles 
with yeasts such as C. albicans or C. glabrata leads to early transfer of AMB 
to the fungal cell membranes.  This  is followed in 5-6 hours by transfer of 
fluorescence to the fungal cytoplasm. A similar sequence of events occurs in 
yeast cells within macrophages. These  findings suggest that there is direct 
fusion of the liposome with the fungus leading to disruption of the vehicle and 
uptake of  drug by the fungus. 16 This  is borne out by in vitro studies of 
m i n i m u m  inhibitory concentrations (MICs) which indicate that there is little 
difference between the MICs  of AmBisome and AMB with the former leading 
to growth inhibition, if anything at lower concentrations. 17 This  again suggests 
that transfer of drug to fungal cell occurs efficiently. 

Clinical  p h a r m a c o l o g y  o f  A m B i s o m e  

Data on the pharmacokinetics of  AmBisome indicate that peak serum levels 
range from IO--35 m c g / m l  after doses of 3 mg /kg  to 25-6o m c g / m l  after 
5 m g / k g  doses. These  levels are considerably higher than those seen with 
AMB where max imum serum values after the usual max imum dose of I m g / k g  
rarely exceed 5 m c g / m l  and are usually lower. 18 However,  there is considerable 
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patient variation with both forms of the drug and for instance with AmBisome 
levels vary between I7"z-35"4 mcg/ml  after a 4 m g / k g  dose. It has been 
suggested that amongst B M T  patients there may be two sub-populations who 
differ in mean peak levels. ~9 

Peak levels are achieved I-3 hours after infusion of AmBisome. Although 
they rise with the second dose they appear to plateau out after this. Trough 
levels are also higher than those seen with AMB. One striking difference is the 
reduction of the distribution volume compared to AMB. This is a potential 
advantage if the serum levels reflect the bioavailability of the drug. Animal 
studies indicate that the tissue distribution of AmBisome also differs from 
AMB with tissue levels listed in order of magnitude being liver > spleen > 
lung > kidney > brain. 2° Renal amphotericin B levels after AmBisome are 
notably low. 

C l i n i c a l  a s s e s s m e n t  o f  A m B i s o m e  

To date there have been a number of published studies involving the clinical 
use of AmBisome. The  first, a large multicentre open assessment of the drug, 
contained data on I26 patients. 21 It also entailed a detailed safety assessment 
published separately. 22 Other smaller studies have now been completed. These 
include specific trials in aspergillosis, cryptococcosis, fungal infections in 
children and in different transplant groups. In addition there are a number of 
anecdotal case reports which add some further evidence on rare infections such 
as mucormycosis and disseminated infections due to Fusarium. Virtually all 
these trials have been carried out as open studies; comparisons have usually 
been retrospective. While this limits the interpretation of the data there is now 
sufficient information on AmBisome to form a perspective of its potential and 
the future directions for clinical research on the drug. Data on toxicity are not 
constrained by these factors. 

The  large open study involved I26 patients with Candida and Aspergillus 
infections; a smaller number  had cryptococcosis or other infections. ~1 The  
study involved I37 episodes of presumed fungal infection. Criteria for 
selection included treatment failure, usually after AMB, renal failure or 
amphotericin B related drug toxicity. Most of these patients were seriously ill 
and many were on ventilators. The  highest number of patients were those 
receiving treatment for malignancy (72), particularly leukaemia; others 
included organ transplant recipients, patients with other forms of immuno- 
deficiency, including AIDS and bone marrow aplasia, and a miscellaneous 
group with disorders such as diabetes. The  diagnosis was established by a 
variety of different criteria from positive blood cultures, histology or a 
combination of positive sputum for Aspergillus, a lung lesion compatible with 
aspergillosis and concurrent neutropenia. With some patients more con- 
tentious methods of establishing diagnosis were used such as serology for 
Candida antigen. The  results indicated that 76 % of those with candidosis 
recovered compared with 32 % of those with aspergillosis. The  figures for 
mycological recovery were 83 % for candidosis and 4I % for aspergillosis. 2~ 
Responses appeared to be better amongst organ transplant recipients than 
leukaemia patients. There  was no difference in the mean cumulative doses of 
AmBisome in responders (3"2 g) vs. non-responders (3"3 g). Other infections 
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including cryptococcosis (seven), coccidioidomycosis (one), mucormycosis 
(one) and trichosporosis (one) were assessed as responding to therapy. 

Overall toxicity was very low. 22 Of those entering the trial medication with 
raised creatinine levels (5o) 34 % reverted to normal levels. Eleven patients 
had increases of urea or creatinine levels while on therapy. Pyrexia and 
malaise, so often a feature of intravenous AMB, were not seen. There  was only 
one case of anaemia and I9 patients had increases in SGOT levels but no 
symptomatic evidence of hepatic dysfunction. Twenty-four  patients had at 
least one episode of hypokalemia during therapy. The maximum dose used in 
this study was 5 mg/kg daily. The  doses were increased in o'3 mg/kg stages 
and maximum total dose was x6.8 g. The  contribution of AmBisome to many 
of these changes is difficult to assess as by the nature of the study most patients 
were already seriously ill. 

This study, while admittedly difficult to analyse, indicates that the drug had 
significantly reduced toxicity while appearing to have comparable or enhanced 
efficacy to AMB. However of practical value it was observed that patients were 
able to receive infusions of AmBisome over 3o-6o minutes without discomfort. 
In subsequent work dose escalation of AmBisome was increased to I mg/kg 
daily. 

Aspergillosis 

There have now been two further studies of AmBisome in invasive aspergillosis 
in neutropenic or bone marrow transplant (BMT) patients. The  first of these 
studies by Chopra and coworkers 23 was an assessment of the results of 
treatment of B M T  patients with presumed or proven pulmonary aspergillosis. 
The  presumed cases were all individuals with X-ray appearances suggestive of 
the diagnosis but without positive cultures, the proven cases had positive 
cultures usually taken with BAL. Of the 13 cases of suspected aspergillosis six 
showed remission of pulmonary signs and symptoms on AmBisome. Of the 
five proven cases three recovered. The  mean dosage used in the latter group 
was 763 mg vs. 58o mg in the two patients who died with progressive infection. 

A second study by Mills and coworkers 24 showed similar results. Suspected 
fungal infections were treated in a total of I33 neutropenic episodes. The  
diagnosis was established by stringent criteria in 2I of these cases by BAL, 
histology or culture of sputum. All patients had compatible X-ray findings. 
Sixteen of these patients had received AMB and were transferred to AmBisome 
either because of increasing renal impairment or progression of the pulmonary 
infection. The  median duration of treatment was 22 days (range 5-96) and the 
median dose I7IO mg AmBisome (range 52o--429o). The  patients either had 
acute leukaemia or non-Hodgkin's lymphoma. Five had received recent bone 
marrow transplants. The  rest were neutropenic after induction or con- 
solidation therapy. 

A total of I3 (62 ~ )  of the 2I aspergillosis patients diagnosed antemortem 
showed either complete or almost complete clinical and mycological recovery. 
Eight of I7 (47 %) patients in whom data are available achieved complete 
mycological or clinical remission while the neutrophil count was below I x io ~. 
In three counts were persistently below o'5 ?< Io 3 for the first two weeks of 
therapy. The  mean duration of treatment in responders was 32 days compared 
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to 8 days in non-responders. Adverse effects included hyponatremia and 
pyrexia. The  latter occurred in 5 % of cases. 

These results provide encouragement as well as evidence that AmBisome 
can produce remissions in significant numbers of proven cases of aspergillosis. 
The  use of rescue therapy as the means of assessing the drug is not ideal as one 
cannot exclude the possibility that those responding to the drug might have 
responded anyway if amphotericin B were continued. It is of interest though 
that the mean duration of treatment in responders was significantly longer 
than in the non-responding group. This may be interpreted that the non- 
responders had more advanced infections or that a minimum duration of 
therapy is necessary to produce recovery with AmBisome. 

Cryptococcosis 
While penetration into the brain in animals does not appear to occur at high 
levels from the preliminary studies of AmBisome a few patients with 
cryptococcosis, including meningitis appeared to respond. Subsequently a 
multicentre European study was set up. The  protocol involved treatment with 
AmBisome for at least 6 weeks and remission was achieved when patients had 
had two negative cultures two weeks apart. 35 A total of 26 patients were 
enrolled of whom it has been possible to analyse 23 . The  initial dose was 
I mg/kg on the first day escalating to 3 mg/kg by the third day. This remained 
the maximum dose. The  mean cumulative dose was 4"4 g. The  results showed 
a good remission rate with I2 of ~ 8 of  those with culture positive cryptococcal 
meningitis (67 %) achieving mycological remission. The  study did not examine 
for relapse post therapy. Again changes in liver enzyme levels were observed 
in patients; I7 % had elevations of AST.  Serum creatinine increased from 
normal to a mean of 34 % above baseline in 24 % of patients. 

Ambisome in children 

A number  of studies have concentrated on the use of the drug in children. This 
has involved firstly a study of children with systemic mycoses who had failed 
to respond or could not tolerate AMB. 26 Eleven children receiving AMB (six) 
or AmBisome (five) were followed. Most  of  these were leukaemia patients and 
seven had received bone marrow transplants. The maximal daily dose of 
AmBisome used in this group was 6 m g / k g ;  cumulative doses of i22-  
311 mg/kg  were given. None of those on AmBisome died of fungal infection, 
none showed chills or fever and in four of five patients abnormal renal function 
tests reverted to normal during AmBisome therapy. 

Secondly there has been a report of  the use of the drug in two neonates. ~7 
They have tolerated doses of  up to 6 mg/kg daily very well. One of these cases 
had neonatal septicaemia due to C. albicans, the other disseminated 
aspergillosis. In both cases the patient recovered without sequelae. 

Miscellaneous mycoses 

A number  of different systemic fungal infections have been treated with 
AmBisome. These have included infections due to zygomycete fungi, Fusarium 
and Trichosporon species. In one case of Fusarium infection due to 
F. verticilloides treated with AmBisome for 2o days complete remission was 
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obtained even when the patient's underlying ALL relapsed 45 days later 
requiring additional chemotherapy followed by neutropenia)  s The  published 
cases of zygomycete infections treated with AmBisome all responded to the 
d rug)  :'~9'a° In most of the cases AmBisome was combined with surgical 
removal of as much necrotic material as possible. While it is difficult to 
comment objectively on these results, it is clear that the responses are good for 
an infection with such a high mortality. 

In addition to these cases there have been three patients with eumycetomas 
who have received AmBisome (Hay and Bryceson, unpublished data). These 
patients who were infected with Madurella grisea (one) or an unidentified 
dematiaceous mould fungus (two) achieved remission with drying and healing 
of sinuses, reduction of swelling and loss of pain. The drug as administered for 
at least 2o days at 3-4 mg/kg daily. However, this response was not sustained 
and all relapsed within 6 months of stopping drug. 

Use of Ambisome prophylaxis 
One study has followed the use of AmBisome in 36 patients to prevent 
systemic fungal infections in B M T  recipients, compared to placebo (4o 
patients)):  AmBisome or placebo were given during periods of neutropenia of 
less than o'5 x Iog/L and were continued until the white cell count had 
recovered for at least ~. days. In both groups treatment duration was a mean of 
19 (placebo) and 2o days (AmBisome) in those receiving at least 7 days of 
prophylaxis. Candida colonization in mouth, urine or stool was considerably 
less in the AmBisome treated group compared to placebo (33 % vs. 62 %). 
Suspected systemic fungal infections occurred in five AmBisome treated 
patients versus seven on placebo. Three  patients on placebo had proven fungal 
infection (C. guilliermondii two, C. albicans one) compared to one on 
AmBisome ( C. guilliermondii). 

Leishmaniasis 
A number of studies have focused on the use of AmBisome in visceral 
leishmaniasis)2.33 For instance it has been shown that two different regimens 
of AmBisome, 1-2 mg/kg daily for 21 days and 3 mg/kg daily for IO days, 
were both successful in inducing remission in :7 patients with kala-azar. 
These included three HIV positive patients and four who had relapsed after 
conventional therapy. At present there are no published studies of the use of 
the drug in severe mucocutaneous leishmaniasis. 

Drug related toxicity and AmBisome 

Adverse events associated with AmBisome in humans have been closely 
studied. 22 The results of monitoring renal function show a number of trends. 
Few patients develop increased levels of creatinine during therapy and 
frequently abnormal renal function tests at the start of therapy normalise 
during AmBisome administration. Changes in potassium levels, particularly 
hypokalaemia, have been reported but appear to bear little relation to changes 
in creatinine and urea. There  is little evidence to suggest renal toxicity. 
Changes in liver function also occur during therapy, but these are difficult to 
interpret. No consistent changes in haematological parameters were seen in 
these patients. Generally there was a low level of adverse reactions reported 
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with AmBisome. Further  there were no acute side effects such as hyperpyrexia 
or nausea and it appears that a slow build up of drug doses or the use of 
premedication, the current practice with AMB, is not necessary with this 
compound. 

These findings accord with observations in rodents receiving AmBisome ~° 
where the main changes are limited to hepatotoxicity seen at very high doses, 
50 and 75 mg/kg/day.  At 25 mg/kg /day  SGOT and SGPT levels showed 
elevations during the course of treatment. However, insignificant changes in 
creatinine levels were seen unless doses exceeded 5o mg/kg/day.  Even here 
the effect was transitory. 

No drug interactions have been noted with AmBisome but it is possible that 
there may be drug interaction with some of the drugs, corticosteroids, 
antineoplastic drugs, digitalis and muscle relaxants which interfere with AMB. 

C o s t  b e n e f i t  

A cost benefit study of AmBisome in Sweden analysed the treatment of 58 
solid organ or bone marrow transplant patients)  4 It showed that the cost per 
life year gained, which was based, in this case, on the mean survival rate figures 
for the hospital concerned, was £I2,4oo , slightly higher in the liver transplant 
group. In this analysis it was shown that there was an increased life expectancy 
in patients who had received AmBisome compared to a matched group. This 
analysis, while putting a long term cost to treatment, does not really provide a 
comparison with AMB. For instance it should be possible to assess cost 
efficiency in terms of reduction of length of stay in a high dependency unit. 

C o n c l u s i o n  

AmBisome is a new formulation of a drug which has been available for many 
years. In the introduction some of the problems of using AMB (conventional 
amphotericin B) were discussed. In summary these are toxicity, which occurs 
in the majority of those receiving the drug as well as lack of response in the 
severely ill immunocompromised patient. The  advantages of amphotericin B 
are that it has the broadest spectrum of activity of the available antifungals 
against the fungi which cause opportunistic infections and, despite the 
reservations expressed above, is generally thought to be the most effective 
treatment for many of the systemic fungal infections in the most severely ill 
patients)  5 The  development of AmBisome is intended to circumvent the 
toxicity while enhancing efficacy by allowing the administration of higher 
doses of drug, in many cases over 6 mg/kg daily. While fungal infections are 
seen less frequently in the immunocompromised patient than bacterial 
septicaemias, they do constitute a major problem which is familiar to many 
physicians particularly those caring for patients with cancer or leukaemia, 
organ transplants, intensive care and AIDS. The  results of the studies 
described in this review are encouraging in that they provide evidence that this 
formulation of liposome encapsulated amphotericin B is capable of eradicating 
serious fungal disease, as well as leishmaniasis, in the severely ill patient. The  
diseases covered have included some of the most refractory of all mycoses such 
as mucormycosis. Remissions have been achieved in the absence of major 
toxicity. The  main benefits in this respect are a lack of immediate toxicity and 
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a low level o f  rena l  adve r se  events ,  b o t h  well  r ecogn i sed  compl i ca t ions  o f  A M B  
the rapy .  S o m e  changes  in l iver  f u n c t i o n  have  been  n o t e d  b u t  these  are t h o u g h t  
to have  been  associa ted  wi th  the  u n d e r l y i n g  disease.  

T h e  i n t e r p r e t a t i o n  o f  some o p e n  s tudies  o f  an t i funga ls  is difficult ,  
pa r t i cu la r ly  w h e r e  they  have  invo lved  t r e a t m e n t  o f  pa t ien t s  w h o  have  fai led to 
r e s p o n d  to A m p h o t e r i c i n  B t h e r a p y  or  who  have  d e v e l o p e d  m a j o r  adverse  
events  on  this  and  o the r  an t i funga l  drugs .  In  the  case o f  t r e a t m e n t  fa i lure  it is 
no t  poss ib le  to  p r e d i c t  w h e t h e r ,  i f  the  or ig inal  t h e r a p y  had  been  c o n t i n u e d ,  the  
resul ts  w o u l d  have  been  similar .  H o w e v e r  the  work  de sc r i bed  in this  r ev iew 
conta ins  suff icient  data  to sugges t  tha t  A m B i s o m e  shou ld  be  c o n s i d e r e d  in the  
role  o f  p r i m a r y  t h e r a p y  for  ce r ta in  m y c o s e s  such  as c ryp tococcos i s  ( i nduc t i on  
phase)  and  m u c o r m y c o s i s ,  poss ib ly  invas ive  aspergi l losis ,  or  even  as 
p r o p h y l a c t i c  t he rapy .  I t  also suggests  tha t  as A m B i s o m e  is s ignif icant ly  less 
toxic  t han  conven t i ona l  a m p h o t e r i c i n  B it is a useful  a l t e rna t ive  for  those  
pa t ien t s  w h o  canno t  rece ive  A M B .  F ina l ly  e n o u g h  is n o w  k n o w n  a b o u t  the  
b e h a v i o u r  o f  A m B i s o m e  and  the  m o s t  a p p r o p r i a t e  doses  fo r  d i f fe ren t  s i tua t ions  
to jus t i fy  c o m p a r a t i v e  s tudies  against  a l te rna t ives .  
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