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be effective in models where amphotericin B was ineffective at its 
maximum tolerated dose. Pharmacokinetic studies in animals also showed 
that the concentration of Abelcet@ in blood is similar or reduced 
compared to levels seen with conventional amphotericin B, with 
accumulation in the liver, lungs and spleen. Phase I clinical trials 
determined the optimum tolerated dose of Abelcet@ to be 5 mg/kg d-'. 

, Data are now available for 228 cases (including 51 paediatric cases) of 
invasive fungal infection treated with Abelcet@ in an open-label 
emergency-release protocol. All patients had to have failed on previous 
amphotericin B or other conventional antifungals, or to have unacceptable 
toxicity on amphotericin B, or underlying renal disease, or nephrotoxicity 
due to other drugs. Abelcet@ was administered at a dose of 5 mg/kg d-' 
for 4 wk. Approximately one-third of patients had candidiasis, one-third 
aspergillosis and one-third other infections, including fusariosis. Of 183 
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Introduction 

Despite prophylactic strategies, invasive and poten- 
tially life-threatening fungal infections remain a 
persistent problem in patients experiencing pro- 
longed periods of neutropenia as a result of intensive 
chemotherapy or acquired immune deficiency syn- 
drome (AIDS) ( 1).  Amphotericin B desoxycholate 
is currently the treatment of choice, even though 
long-term therapy is often limited by nephrotoxicity, 
necessitating dose reduction and a potential com- 
promise in efficacy (2). In an effort to overcome 
these drawbacks of amphotericin B, a number of 
lipid-based forms have been developed (3). 
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Abelcet@, or Amphotericin B Lipid Complex, is 
a unique formulation, comprising an equimolar 
mixture of amphotericin B complexed with a 7:  3 
molar ratio of 2 lipids (dimyristoyl-phosphatidyl- 
choline and dimyristoyl-phosphatidylglycerol). 
Unlike liposomal amphotericin B, Abelcet@ does not 
have a spherical structure. In fact, freeze-fracture 
electron micrographs have shown Abelcet@ to 
possess a ribbon-like structure, resulting in a 
higher molar ratio of amphotericin B in the product 
compared with liposomal or colloidal dispersion 
preparations (4-6). Despite the high concentration 
of amphotericin B in the product, there is little 
spontaneous release of amphotericin B into the 
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circulation after infusion. Pharmocokinetic studies 
suggest that there is deposition in the reticulo- 
endothelial system (7). Release of this "depot" 
form at local sites of infection would be through 
the action of lipase. This lipase might originate at 
least partially from the infecting yeasts themselves, 
as well as from inflammatory cells present at the 
site (8). The combined effects of reticulo-endo- 
thelial organ deposition, localized release and high 
concentrations of amphotericin B within the com- 
plex might explain its apparent enhanced efficacy 
compared with conventional amphotericin B formu- 
lations (9-10). 

Preclinical studies 

Toxicity 

Animal studies have clearly demonstrated that 
Abelcet@ is less toxic than amphotericin B desoxy- 
cholate. Single-dose studies in rodents revealed that 
the lethal dose (LD)50 of Abelcet@ was about 10-15 
times higher than that of conventional 
amphotericin B in mice and around 25 times higher 
in the rat (Table I ) .  In repeated-dose studies in 
dogs, Abelcet@ was shown to be around 8-10 times 
less toxic than amphotericin B in terms of renal 
cortical tubular damage (Table I )  (10-16). 

amphotericin B desoxycholate. Importantly, 
Abelcet@ was also shown to be effective in models 
where conventional amphotericin B was ineffective 
at its maximum tolerated dose of 0.8mg/kg d-' 
(Table 2) (10-16). 

Pharrnacokinetics 

Single-dose pharmacokinetic studies of I4C-labelled 
amphotericin B, incorporated in Abelcet@ and 
amphotericin B, demonstrated a reduced peak 
serum concentration and area under the curve for 
Abelcet@ (Table 3). At 24 h after administration, 
there was a preferential accumulation of Abelcet@ 
in the liver and spleen, often sites of invasive fungal 
infection. The concentration of Abelcet@ in the 
lungs was higher than amphotericin B at 1 and 3 h 
after administration, but rapidly diminished to com- 
parable levels with amphotericin B by 12 h after 
administration. Levels in the kidney did not vary 
appreciably between the 2 formulations. Repeated- 
dose studies in dogs, measuring I4C-labelled 
amphotericin B 24 h after the 30th dose of Abelcet@, 
at 5 mg/kg d- l ,  and amphotericin B at 0.5 mg/kg 
d-l ,  revealed preferential accumulation in the liver, 

Table 3. Ratios of mean concentrations of amphotericin B equivalents in  mouse 
tissues ('4C-Abelcet@/'4C-arnphotericin 8) after a single dose intravenously 
(Abelcet@ 5 mg/kg, arnphotericin B 1 mg/kg) (7) 

Efficacy 

In both immunosuppressed and immunocompetent 
murine models of fungal infection with aspergillus, 
cryptococcus and blastomycosis, the effective dose 
for survival of 50% of infected animals was 1-5 
times higher for Abelcet@, compared with 

Table 1. Comparison of Abelcet@ and amphotericin B in  preclinical studies: single- 
dose studies assessing toxicity in rodents and repeated-dose studies assessing 
renal coflical tubular damage in  dogs (12, 17) 

Abelcet@ less toxic than 
Model Abe lceP  Amph. B ArnB by 

Mouse" 45-54 3-5 10-15 x 
Rat" 51 -65 2-3 23-25 x 
Dog (2 wk)b 5 0.625 8 x  
Dog (4 wkIb 5 0 5  10 x 

Time 
(h) Blood Brain Kidney Liver Lungs Spleen 

1 0 4  3 5  1 4  21  5 7  1 6  
3 0 5  3 0  1 1  2 7  5 5  1 4  

12 0 6  0 6  0 6  3 7  1 2  5 4  
24 0 7  ND" 0 8  5 1  0 6  7 7  

* Concentrations after administration of Abe lceP  were below the limit of detection. 

Table 4. Mean concentrations (wg/g) of amphotericin B at necropsy in tissues of 
dogs given Abelcet@ (5 mg/kg) or conventional arnphotericin B (0.5 mg/kg) daily for 
1 month (7, 18) (concentrations measured by HPLC 24 h after 30th dose) 

Group Blood Brain Kidney Liver Lungs Spleen 

Abelcet@ 2.8 ND 44.1 1475 77.1 3008 
Amph. B 2.1 ND 33.1 144 6.8 156 
Abelcet@/Amph.B 1.3 - 1.3 10.2 11.3 19.3 

a LD,, (mgikg): equivalent toxic dose (mg/kg). AmB. conventional amphotericin B. ND. not detectable 

Table 2. ED,, of Abe lceP  in rodent models where conventional amphotericin B was ineffective at its maximum tolerated dose (12. 13, 15, 16) 

ED50 

Infection Model Parameter (mg/kg d-'1 

Aspergillosis Immunosuppressed Survival 4.1 
Kidney clearance 8.8 

Blastornycosis Normal pneumonia Survival 12.8 
Cryptococcosls Immunosuppressed meningitis Survival 9 4  
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Table 5. Arnphotericin B concentrations (pg/g) found on autopsy in 1 heart transplant 
patient after receiving AbelceP at a dose of 5.3 rng/kg dK’ for 3 d (8) 

Lymph 
Heart nade Brain Kidney Liver Lungs Spleen 

49 7 6  1 6  69 1960 2220 2900 

spleen and lungs with Abelcet@ (Table 4). The lung 
accumulation was seen only in the repeated-dose 
studies. Blood, brain and kidney levels were com- 
parable between the 2 formulations. An autopsy 
study of 1 patient who had received 3 d of Abelcet@ 
showed a 25 times higher concentration in the liver, 
lungs and spleen as compared to the kidney, heart, 
lymph node and brain (Table 5). Repeated adminis- 
tration of Abelcet@ suggests a “depot” effect in the 
liver, lungs and spleen, organs that are often 
involved in systemic fungal infection. This raises 
interesting considerations for the prophylactic use 
of Abelcet@ (7). 

Clinical trials 

Phase 1 / 1 1  

Complete phase I clinical trials demonstrated an 
optimum Abelcet@ dose of 5 mg/kg d- l .  A random- 
ized open-label phase I1 study that compared 
Abelcet@ with amphotericin B enrolled 160 patients 
with cryptococcal meningitis (n = 60), coccidioido- 
mycosis (n = 50) and leishmaniasis (n = 50) ( 3 ) .  In 
patients with normal creatinine values at the onset 
of therapy, 10% receiving Abelcet@ experienced 
an elevation of serum creatinine 3 2  mg/dl 
( 177 pmol/l), whereas 38% receiving ampho- 
tericin B did. This was a significant reduction in 
nephrotoxicity (p<O.Ol) (17). 

Open-label emergency-release protocol 

More than 800 patients have now been treated with 
Abelcet@ in an open-label, multicentre, non- 
comparative emergency-release protocol. Data have 
been analysed for the first 225 patients - 175 adults 
and 50 children - 3 of whom received repeated 
courses, bringing the total number of treatments to 
228 (18, 19). One hundred and seventy-three differ- 
ent centres in the United States have taken part in 
this study, including both university and community 
hospitals. 

Eligibility criteria 

In order to be eligible for the Abelcet@ emergency- 
release protocol, patients had to have a positive 
culture or strong clinically presumptive evidence of 

invasive fungal infection. In addition, they had to 
fulfil 1 or more of the following criteria: 

a. 

b. 

C. 

d. 

e. 

failure of previous treatment with ampho- 
tericin B, after a cumulative dose of 3 1000 mg; 
failure on other systemic antifungals, including 
fluconazole and itraconazole; 
nephrotoxicity (serum creatinine 3 2.5 mg/dl 
[222 pmol/l] in adults or 3 1.5 mg/dl [133 
pmol/l] in children) or severe acute toxicity (e.g. 
pulmonary syndrome) with amphotericin B; 
underlying renal disease (creatinine 3 3 mg/dl 
[266 pmol/l] or creatinine clearance 625  
ml/min) precluding amphotericin B treatment; 
nephrotoxicity due to other drugs (e.g. cyclo- 
sporin). 

Treatment protocol 

Abelcet@ was administered by intravenous infusion 
at a dose of 5 mg/kg d-’ over approximately 2 h 
every d for 4 wk. The same dose was given regardless 
of the type of infection but therapy could be 
extended beyond 4 wk if the investigator considered 
further therapy to be clinically indicated. 

Definition of response 

Clinical criteria for response to Abelcet@ were 
defined as follows: 

a. cure: complete resolution of all pretreatment 
signs and symptoms of fungal infection; 

b. improvement: diminished but persisting signs 
and symptoms; 

c. failure: pretreatment signs and symptoms of 
fungal infection unchanged or worsened. 

Patients who had either a cure or improvement 
were designated as clinical responders. Mycological 
response to Abelcet@ was defined simply as eradi- 
cation (pretherapy positive culture specimens 
becoming negative) or persistence (culture speci- 
mens remaining or becoming positive). 

Results 

Patients. Of the 225 patients for whom data have 
been analysed, 155 were male and 70 female. The 
mean age of patients for the 228 courses of treat- 
ment was 37.9yr (range 0.1-92.7). Among the 51 
paediatric cases, the mean age was 10.3yr (range 
0.1-17.8). Approximately one-third of patients had 
candidiasis, one-third had aspergillosis and the 
remainder had other infections (Table 6). The most 
common underlying immunosuppressive condition 
was that brought on by induction therapy for 
leukaemias, but patients with solid tumours, organ 
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Table 6. Frequency of infection by organism and underlying immunosuppressive 
conditions in the first 225 patients (228 treatments) in the Abelcet@ open-label 
emergency-release protocol 

No. of treatments (%) 

Fungal infection 
Candidiasis 
Aspergillosis 
Other" 

Underlying immunosuppressive conditions 
Leukaemias 
AIDS and other immunological disorders 
Solid tumours 
Organ transplant 

67 (29) 
72 (32) 
89 (39) 

85 (37) 
40 (18) 
32 (14) 
26 (11) 

a Other infections included cases of cryptococcosis, zygomycosis. fusariosis and 
unidentified infections. 

transplantations, AIDS or other immune disorders 
were also included in the study (Table 6). Half of 
all cases were enrolled in the study because of 
failure of previous amphotericin B therapy and 
another one-third because of amphotericin B tox- 
icity (Table 7). 

Dose. Abelcet@ was administered at a mean maxi- 
mum daily dose of 4.9 mg/kg for a median of 39 d 
(range 1-510). The mean cumulative dose of 
Abelcet@ was 140 mg/kg (range 23-56, 617). 

Response. Among the patients evaluable for 
response, the overall clinical response rate was 69% 
( 126/183). This was mycologically confirmed in 
55% (61/110 tested). The results in the paediatric 
patients alone were similar or better, with a 76% 
clinical response rate (31/41) and a 68% mycological 
response rate (15/22). When clinical response to 
treatment was analysed according to the type of 
infecting organism the results were similar for each, 
including zygomycosis and fusariosis, although the 
candidiasis patients responded slightly better than 

Table 7. Reason for enrolment in Abelcet@ open-label emergency-release protocol 

Reason for enrolment No. of cases (%) 

Failure of previous antifungal therapy 
Amphotericin B 
Fluconazole 
ltraconazole 
5-flucytosine +amphotericin B 
5-flucytosine + itraconazole 

Toxicity of amphotericin B 
Nephrotoxicity 
Acute toxicity 

Nephrotoxicity of other drugs 
Cyclosporin 
Cyclosporin + tobramycin 

Renal disease 

114 (50) 
6 (3) 

10 (4) 
1 (0.5) 
1 (0.5) 

77 (34) 
8 (3 5) 

2 (1) 
1 (0.5) 

8 (3.5) 

Table 8 Response to Abelcet@ according to type of infection in the open-label 
emergency-release protocol 

Clinical resposne Mycological response 
Type of infection n/N" (%) n/Nh (%) 

Candidiasis 
Disseminated 28/36 (78) 13/18 (72) 

Other 22/29 (76) 11/17 (65) 
Total 52/67 (78) 26/37 (70) 

Fungaemia 212 (100) 212 (100) 

Aspergillosis 
Pulmonary 19/33 (58) 9/18 (50) 
Sinus 10/12 (83) 719 (78) 
CNS 012 (01 012 (0) 
Disseminated 5/13 (38) 117 114) 

Total 43/72 (60) 20143 (47) 
Other 9/12 (75) 317 (43) 

Other infections 
Cvptococcosis 6/10 (60) 4/10 (40) 
Zygomycosis 7/11 (64) 315 (60) 
Fusariosis 718 (88) 314 (75) 
Other 11/15 (73) 5/11 (45) 
Total 31/44 (70) 15/30 (50) 

a Patients evaluable for clinical response (total = 183); 
logically (total = 110) 

patients tested myco- 

those with aspergillosis (Table 8). The mycological 
response rate largely mirrored the clinical response 
rate (Table 8) and the responses in paediatric 
patients were similar to those seen in the patient 
group as a whole. 

There was a trend towards a higher response rate 
in sinus infection due to aspergillosis, compared 
with other infected sites. No response was achieved 
in either of the 2 cases of CNS infection. 

Results in the 8 fusariosis patients (5 who had 
failed therapy with amphotericin B and 3 with 
serum creatinine levels 32.5 mg/dl) were particu- 
larly promising, with a cure reported in 3 (37.5%) 
and improvement in a further 4 patients (50%). 
Three of 4 patients tested also had complete eradica- 
tion of their fusariosis mycologically. 

When patients were analysed according to degree 
of neutropenia, the response rates for all types of 
infection mirrored those seen overall. In total, 11 
of 19 (58Y0) evaluable patients with severe neutro- 
penia (absolute neutrophil count [ANCI- 
< 100/mm3) had a clinical response, as did 13 of 
21 ( 62Y0) patients with an ANC < 500/mm3. 

Clinical responses in evaluable patients with 
either haematological malignancy and positive cul- 
tures or undergoing allogeneic or autologous BMT 
were comparable with those seen overall, even when 
broken down according to type of infection 
(Table 9). 

Toxicity. All patients who received at least 1 dose 
of Abelcet@ were assessed for nephrotoxicity and 
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4.5 7 

Mean "$ 3 + 

creatinine 2.5 
(mg/dl) 2.0 

1.5 

w k l  ' w k 2  I wk3 ' wk4 w k 5  ' wk6 ' 
Treatment duration (wk) 

n= 61 41 30 26 19 14 
Cohort baseline mean: 3.80 3.76 3.81 3.98 4.25 3.69 

Weekly mean: 3.51 3.19 2.86 2.69 2.65 2.06 
pmlue: 0.0166 0.0110 0.0021 <O.O001 0.0015 <O.oOol 

(Change fm baseline) 

Fig. 1. Mean serum creatinine values in patients with baseline levels >2.5 mg/dl (n=61). 

Table 9. Clinical response to Abelceta in evaluable patients wi th  underlying- 
hamatological malignancy and patients undergoing BMT in the open-label emer- 
gency-release protocol 

Underlying haernatological 
malignancy BMT 

Type of infection n/N (%) n/N (%) 

Candidiasis 
Aspergillosis 
Cryptococcosis 
Zygornycosis 
Fusariosis 
Unidentified 

Total 

15/20 (75) 416 (67) 
5/11 (45) 519 (56) 

214 (50) 011 (0) 
415 (80) - 
213 (67) 

- 111 (100) 

- 

28/43 (65) 10117 (59) 

Table 10. Clinical adverse events experienced in  22% of patients, and considered 
related or possibly related to Abelceta treatment, in  the open-label emergency- 
release protocol 

Adverse event No. (% of cases) 

Chills 
Fever 
Nausea 
Vomiting 
Headache 
Dyspnoea 

36 (15.8) 
20 (8.8) 
15 (6.6) 
9 (3 9) 
7 (3.1) 
5 (2.2) 

other chronic side effects (n = 228). Overall, 
Abelcet@ was very well tolerated. Clinical adverse 
effects that occurred in 3 2 %  of cases and were 
considered related or possibly related to treatment 
are shown in Table 10. The most common of these 
were chills, fever and nausea, all of which are well 
recognized side effects of amphotericin B. In total, 
adverse events were experienced in 71 of the 228 
series of therapy given. Treatment was discontinued 
because of adverse effects in 17 (8%) cases. 

One of the most important findings was a fall in 
serum creatinine levels during treatment with 
Abelcet@. This occurred in the 228 cases taken as 
a whole group, but reached statistical significance 
by wk 3 of treatment in the 61 patients with baseline 
serum creatinine values 32 .5  mg/dl (Fig. 1). This 

demonstrates very clearly the reduced nephrotox- 
icity of Abelcet@ compared with conventional 
amphotericin B. 

Conclusions 

In conclusion, Abelcet@ has been shown to be 
effective in patients with invasive mycoses who were 
unresponsive to or intolerant of conventional anti- 
fungal therapy. Furthermore, the response rates 
were very consistent from group to group when 
comparisons were made according to type of infec- 
tion, underlying disease/immunosuppressive dis- 
order, and degree of neutropenia. The results in the 
paediatric patients were generally similar to or 
better than those seen in the patient group as a 
whole. Treatment with Abelcet@ was well tolerated 
and only had to be discontinued in 8% of cases due 
to toxicity normally seen with amphotericin B. Most 
importantly, there was no dose-limiting toxicity and 
mean serum creatinine values actually declined sig- 
nificantly during therapy, particularly in patients 
with pre-existing renal dysfunction. 

References 

1. WALSH TJ, LEE J, LECCIONES J, et al. Empiric therapy with 
amphotericin B in febrile granulocytopenic patients. Rev 
Infect Dis 1991: 13: 496-503. 

2. SABRA R, BRANCH RA. Amphotericin B nephrotoxicity. 
Drug Safety 1990: 5: 94-108. 

3. MEUNIER F. Alternative modalities of administering 
amphotericin B: current issues. J Infect 1994: 28: 51-56. 

4. JANOFF AS, BONI LT, POPESCU MC, et al. Unusual lipid 
structures selectively reduce the toxicity of amphotericin B. 
Proc Natl Acad Sci USA 1988: 85: 6122-6126. 

5. MADDEN TD, JANOFF AS, CULLIS PR. Incorporation of 
amphotericin B into large unilamellar vesicles composed of 
phophatidylcholine and phosphatidylglycerol. Chem Phys 
Lipids 1990: 52: 189-198. 

6. MILHAUD J, HARTMANN MA, BOLARD J. Interaction of the 
polyene antibiotic amphotericin B with model membranes: 
differences between small and large unilamellar vesicles. 
Biochimie 1989; 71: 49-56. 

7. OLSEN SJ, SWERDEL MR, BLUE B, CLARK JM, BONNER DP. 

22 



Tissue distribution of amphotericin B lipid complex in 
laboratory animals. J Pharm Pharmacol 1991: 43: 831-835. 

8. JANOFF AS, PERKINS WR, SALETAN SL, SWENSON CE. 
Amphotericin B Lipid Complex (ABLC@): a molecular 
rationale for the attenuation of amphotericin B related 
toxicities. J Liposome Res 1993: 3: 451-472. 

9. GATES C, PINNEY RJ. Amphotericin B and its delivery by 
liposomal and lipid formulations. J Clin Pharm Ther 1993: 

10. GRANT CW, HAMILTON KS, HAMILTON KD, BARBER KR. 
Physical biochemistry of a liposomal amphotericin B mix- 
ture used for patient treatment. Biochim Biophys Acta 

11. ALLENDOERFER R, YATES RR, SUN SH, GRAYBILL JR. 
Comparison of amphotericin B lipid complex with 
amphotericin B and SCH 39304 in the treatment of murine 
coccidioidal meningitis. J Med Vet Mycol 1992: 30: 377-384. 

12. CLARK JM, WHITNEY RR, OLSEN SJ, et al. Amphotericin B 
lipid complex therapy of experimental fungal infections in 
mice. Antimicrob Agents Chemother 1991: 35: 615-620. 

13. CLEMONS KV, STEVENS DA. Comparative efficacies of 
amphotericin B lipid complex and amphotericin B deoxy- 

18: 147-153. 

1989: 984: 11-20. 

Abelcet@ in invasive mycoses: North American experience 

cholate suspension against murine blastomycosis. 
Antimicrob Agents Chemother 1991: 35: 2144-2146. 

14. CLEMONS KV, STEVENS DA. Efficacies of amphotericin B 
lipid complex and conventional amphotericin B suspension 
against murine coccidioidomycosis. Antimicrob Agents 
Chemother 1992: 30: 353-363. 

15. MITSUTAKE K, KOHNO S, MIYAZAKI Y, et al. In vitvo and in 
vivo antifungal activities of liposomal amphotericin B, and 
amphotericin B lipid complex. Mycopathologia 1994: 128: 

16. PERFECT JR, WRIGHT KA. Amphotericin B lipid complex 
in the treatment of experimental cryptococcal meningitis 
and disseminated candidosis. J Antimicrob Chemother 1994: 
33: 73-81. 

13-17. 

17. The Liposome Company. Data on file, 1993. 
18. LISTER J. Amphotericin B lipid complex in the management 

of serious systemic mycoses in patients intolerant to 
amphotericin B therapy. Blood 1994: 84: 306a. 

19. HIEMENZ JW, SEIBEL T, WALSH T. Safety and efficacy of 
amphotericin B lipid complex (ABLC@) in neutropenic 
patients with life-threatening mycoses. Ann Oncol 1994: 
5(suppl 8): 202, abst P1017. 

23 




