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Abstract-A pilot stu& with amphotericin B incorporated in sonicated liposomes (ampholipo- 
somes) made of egg phosphatidylcholine, cholesterol and stearylamine in a molar ratio 4:3: 1 was 
performed in cancer patients with fungal infections. Fifteen patients received a total of 117 
intravenous infusions of ampholiposomes. The total dose of amphotericin B administered per 
patient ranged from 20 to 1004 mg (mean 472 mg). The number of infusions per patient 
varied from 1 to 20 (mean 8) and the duration of treatment from 1 to 29 days (mean 10 days). 
Infusion of doses up to 1.8 mg/kg war well tolerated. None of the common side-effects of 
Fungi~one@, the colloidal suspension of amphotericin B, occurred; it was noteworthy that patients 
had no renal fimction‘impairment. 

Serum amphotericin B concentrations given as ampholiposomes were much higher than those 
obtained with Fungizone@. With a da+ treatment schedule, peak and trough serum amphotericin 
B concentrations, as measured by HPLC, were 10 to 20 p,g/ml and 5 to 10 pg/ml respectively; 
while they did not exceed 2 p.g/ml and 1 pglml with Fungizone@. Amphotericin B given as 
ampholiposomes had a prolonged serum p halfltfe (25.3 + 16.0 h). Higher serum antifungal 
activity was observed with ampholiposomes as compared to Fungizone@. We concluded that 
ampholiposomes have a better therapeutic index than Fungizone.@ 

INTRODUCTION 
OPPORTUNISTIC fungal complications arc increas- 
ingly frequent in patients with neoplastic diseases 
and have become an important cause of death 
[ 11. Cundidu spp. and Aspergillus spp. are the most 
common pathogens. Invasive fungal infections arc 
often difficult to diagnose and the treatment which 
essentially consists of the parenteral administration 
of amphotericin B [2] is associated with a high rate 
of failure [ 3-51. 

Amphotericin B is a poorly water-soluble drug 
and for intravenous administrationit is supplied as 
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a colloidal suspension (Fungizom?) using sodium 
deoxycholatc as a dispersing agent [6]. This prcp- 
aration has many serious side-effects such as fever, 
chills, bronchospastic reactions or ncphrotoxicity 
[7]. Despite the dcvclopmcnt of new classes of 
antifungal agents, amphotcricin B remains the drug 
of choice for most offending pathogens. However, 
there is a need to invcstigatc the potential value of 
other galcnic preparations of this drug, with the aim 
of avoiding the side-cffccts as well as achieving 
bcttcr antifungal therapy. Amphotcricin B mcthyl- 
ester represents such an attempt. It has, however, 
been a failure due to the ncurotoxicity of the prcp- 
aration. Another alternative could bc the encapsul- 
ation of the drug in liposomcs. Liposomcs arc lipid 
vesicles that can bc used as carriers for the adminis- 
tration of hydrophilic, hydrophobic or amphiphilic 
compounds. We have used sonicatcd liposomcs 
made of egg yolk lecithin, cholesterol and stearyl- 
amine to administer to cancer patients a watcr- 
insoluble antimitotic compound, NSC-251635, by 



528 J.-P. Sculier et al. 

the intravenous route [8, 91. Tolerance by the pati- of AmB dissolved in methanol, the lipids were dried 
ents was excellent, even when large volumes of by evaporation under vacuum. One milliliter of 
liposomes were given. As amphotericin B, an amphi- 50 mM Tris buffer (pH 7.4) containing 150 mM 
philic drug, was successfully entrapped in this type NaCl was added for each 20 mg of dried lipids. The 
of liposomes, we performed a pilot (phase I) study mixture was shaken vigorously until suspension of 
in cancer patients with suspected fungal compli- the lipid film was complete and then the suspension 
cations in order to evaluate the toxicity and the was sonicated for 15 mm at 140 W, under an N2 
pharmacology of that preparation (ampholipo- atmosphere, with a Branson model B-30 sonifier 
somes) . (Branson Sonic Power Co, Danbury, CT). 

METHODS 

Patient selection 
Patients were eligible for the study if they had 

a microscopically proven solid or hematological 
malignancy and suspected or documented invasive 
fungal infection. 

The diagnosis of microbiologically documented 
fungal infections required the presence of clinical 
signs of infection plus positive cultures from the 
suspected site of a fungemia. In case of lung asp- 
gillosis, a radiological infiltrate and a positive cul- 
ture of the sputum, obtained by tracheal aspiration 
or bronchoalveolar lavage (BAL), were necessary. 
Fungemia had to be demonstrated by several posi- 
tive blood cultures. The disease was considered as 
a ‘suspected’ fungal infection in the case of an 
obvious site of a likely infection, clinically progress- 
ive and consistent with a mycotic disease, in spite 
of the lack of a microbiological proof of a fungal 
agent. 

Undispersed lipids, free AmB and titanium par- 
ticles were removed by centrifugation at 2000 g 
for 30 minutes. Liposomes were recovered in the 
supernatant. AmB concentration in liposomes was 
measured at 405 nm by optical density or by HPLC 
determination as a methanol extraction of the lipo- 
somes [lo]. For the other patients, empty liposomes 
of the same lipid composition were sonicated on 
powdered AmB (0.52 mM per ml of liposomal 
preparation) during 30 min at 140 W, under an 
Nz atmosphere. 

Poor tolerance to prior treatment of the infection 
with Fungizone@ was the main criterion for 
inclusion in this pilot study. 

Concentration of amphotericin B entrapped in 
liposomes ranged from 163 to 396 pg/ml of lipo- 
somes with a mean value of 297 Fg/ml. Hydrody- 
namic diameters of the liposomes were measured 
by dynamic laser light scattering (Nicomp Model 
370, Pacific Scientific, Silver Spring, MD); what- 
ever the type of preparation, the majority of the 
vesicles had a diameter of about 60 nm and there 
was a small proportion of larger size liposomes 
around 250 nm. The sterility of the preparations 
was verified by a culture on blood agar and Sabour- 
aud’s dextrose agar; the absence of endotoxin was 
confirmed by the Limulus assay [ 111. 

Adequate cardiac, renal (serum creatinine 
C3 mg/dl) and hepatic (serum bilirubin <3 mg/ 
dl) functions were required. Patients had to give 
informed consent prior to starting treatment with 
ampholiposomes. The investigation was conducted 
according to a protocol that had been accepted by 
the human research committee of the hospital. 

Administration of ampholiposomes 

Preparation of liposomes containing amphotericin B 
(ampholiposomes) 

Deoxycholate-free amphotericin B (AmB) was 
provided by Squibb Co. (U.S.A.). Egg phosphatidyl- 
choline (PC) was purchased from Sigma Chemical 
Co. (St Louis, MO); cholesterol (CH) from BDH 
Chemicals, Ltd (Poole, U.K.); stearylamine (SA) 
from Aldrich Europe (Beerse, Belgium) and Limu- 
lus amebocyte lysate, from M.A. Bioproducts 
(Walkersville, MD). All other chemicals were 
reagent grade. 

Initial work up consisted of clinical examination, 
blood tests (blood cell counts, serum glucose, elec- 
trolytes, magnesium, urea, creatininc, uric acid, 
bilirubin, hepatic and pancreatic enzymes, lipids, 
crcatine phosphokinase; blood coagulation tests 
including fibrinogen degradation products and anti- 
thrombin III), urine analysis, ECG, fungal serology 
and chest X-ray. Blood, urine and sputum cultures 
as well as nose, throat, rectal and vaginal swabs 
were performed before starting therapy. If clinically 
indicated, arterial blood gas and pH were moni- 
tored. Other usually investigations such as CT 
scan or echography were performed as clinically 
indicated. 

Liposomes were freshly and pyrogen-free pre- 
pared in a sterile fashion on the day of the exper- 
iment. For the first two patients, the following 
procedure was used: egg PC, CH and SA at molar 
ratio of 4:3:1 were dissolved in chloroform:me- 
than01 at 2:l (vohvol) and after mixing 0.52 mM 

Patients were hospitalized in the medical intcn- 
sive care unit; the ECG was monitored and if 
indicated, a central venous line was inserted. The 
initial dose of AmB given to the first patient was 
0.4 mg/kg. The subsequent daily doses and the 
intervals between two infusions of ampholipo- 
somes wcrc decided according to the lcvcl of AmB 
obtained in the serum of the patient. The liposomal 
preparation was administered intravenously by an 
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Isoflux perfusion system (Van Leer Medical, Isigny, 
France) at a rate of 100 drops per min (about 7 ml 
per min) . 

Blood tests, urine analysis, ECG were repeated 
daily during therapy. Chest X-rays and cultures 
were performed at least twice weekly. After the end 
of treatment, patients were periodically assessed 
for possible late side-effects and relapse of fungal 
disease. 

Treatment evaluation 
Although this was not the purpose of this phase I 

study, the response to therapy was assessed for a 
few patients whenever possible. Improvement was 
defined as fungal cultures became negative, fever 
disappeared as well as all clinical and radiological 
signs of active infection. Failure was defined as 
the persistence of infection or death from fungal 
infection. Patients were classified as not evaluable 
when they died during liposomal therapy, from 
complications unreiated to the fungal infection and 
its treatment. Side-effects were related to the liposo- 
ma1 treatment if there was no other clear expla- 
nation to their cause. 

Phannacokinetic studies 
Serum concentrations of phospholipids and 

amphotericin B were determined in all patients, 
except for the first one, at least just before (trough) 
and at the end (peak) of the ampholiposomc 
infusion. In the majority of the patients blood was 
obtained at various intervals during the 24-48 h 
following the start of the infusion. Time 0 was 
defined as the time when the infusion started. Half- 
lifes were graphically mcasurcd; other pharmaco- 
kinetic parameters, i.e. the area under the plasma 
concentration-time curve from zero to infinity 
(AUC;), the total body clearance and the distri- 
bution volume, were calculated by standard 
methods [ 121. 

Amphotericin B concentration was determined 
by high-performance liquid chromatography at 
405 nm after precipitation of the serum proteins 
with methanol. Serum phospholipids were mcas- 
ured as inorganic phosphorus by the method of 
Fiske and Subbarow [ 131, after extraction of the 
blood samples in chloroform:methanol and sub- 
sequent mineralization. 

Microbiological investigations 
Serum amphotcricin B concentration was also 

measured by a bioassay using Paecilomyces variotti 
[ 141. Serum fungicidal activity was determined as 
previously described [15] against three test organ- 
isms: Candida albicans (ATCC 285 16), Torulopsis 
glabrata (clinical isolate from patient 4) and Aspergil- 
lus fumigatus (clinical isolate from patient 7). Iso- 
lations and identification of fungi in patients were 

performed according to standard routine laboratory 
methods. 

Statistical methods 
Association between antifungal activities and 

HPLC serum level ofamphotericin B was pcrformcd 
by one way ANOVA ( our purpose is to test main 
effects and not to take into account any interaction). 
The assumptions of the ANOVA (homogeneity of 
variance and normality of data) were successively 
tested with Bartlett’s test and chi-square goodness 
of fit tests. If homogeneity of variance could not be 
met, a Box-Cox transformation of data was done 
(square roots of data in our case). For analysis of 
the ampholiposomc fungistatic activities against 
Candida albicans, a Box-Cox or other transformation 
could not approach the equal variance assumption. 
Thus for this particular set of data the assumptions 
of ANOVA could not reasonably bc met and a 
Kruskal-Wallis non-parametric test was used. A 
posteriori tests were performed on the main effect by 
using the cxtcndcd Tukey test (Duncan’s test gave 
the same results in our case): Table 6 displays where 
significance was not present. The methodology of 
this analysis was based on Godfrey [ 161 and Sokal 
and Rolhf [ 171. 

RESULTS 

Patient characteristics 
Fifteen patients were included in the present 

phase I pilot study. All had malignant disease: 
acute leukemia (9), lymphoma (1) or solid tumors 
(5). Sex, age, weight, body surface, antincoplastic 
treatment, other associated therapies, granulocytes 
count and serum creatinine lcvcl on day 1 of ampho- 
liposome therapy are described in Table 1. Six 
patients wcrc severely ncutropcnic (<500 granulo- 
cytcs/mm”) and four prcsentcd with modcratc renal 
failure (serum creatininc between 1.6 and 2 mg/ 
100 ml). 

Documented fungal diseases (Table 2) were lung 
aspcrgillosis (7) and fungemia (5), of which four 
were rclatcd to a central venous catheter. Three 
patients had suspcctcd fungal diseases; two were 
considered to be caused by Candida albicans. Patient 
8 prcscntcd with a relapsing brain abscess that 
was previously shown at surgery to bc caused by 
Aspergillus spp. Twclvc of the patients had received, 
prior to ampholiposomcs, Fungizonc@‘, all with 
scvcre side-effects such as fcvcr, chills and/or dysp- 
nea which precluded further administration of this 
antifungal therapy. 

Ampholiposomes treatment: description, tolerance and out- 
come 

The first patient to whom ampholiposomcs wcrc 
administered had a disseminated candidiasis, scvcrc 
ncutropenia and respiratory failure requiring arti- 
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Table 1. Patient characteristics at start of ampholiposomes 

B&Y Granulocyte Serum 
Patient Age Weight surface Neoplastic Antineoplastic Associated count creatinine 
NO. Sex (years) (kg) (m’) disease treatment treatment (cells/m”?) (mg/lOOml) 

I 

2 

3 

9 

10 

II 

12 

13 

14 

15 

F 28 

F 30 

F 25 

F 71 

F 57 

M 52 

M 50 

F 23 

M 66 

F 75 

M 39 

F 32 

M 62 

F 25 

M 60 

50 1.6 Ara C 

55 1.66 Ara C 

65 I .84 

CML in blastic 
crisis, furosemide, 
AV 

Hodgkin’s 
disease 

AML 

54 I .67 Ovary cancer 

55 I.71 AML 

53 I .60 Larynx cancer 

65 I .86 AML 

61 1.72 ALL 

AraC+CPA+ 
autologous BM1 

Carboplatin 

Ara C + DNR + VCR 

irradiation 

AMSA + Ara C 

Ara C + CPA + TBI 
+ allogeneic Bhil‘ 

55 1.67 

56 I .55 

65 1.78 

53 1.52 

Head and neck 
cancer 

Cervix cancer 

ChlL in blastic 
crisis 

AhlL allogeneic 
Bhll 

- 

- 

Ara C + CPA + TBI 
+ autologous BMT 

Ara C + CPA 
+ TBI 

36 1.48 NSCLC 6-aminochrysene 

67 1.78 AhlL Ara C + CPA Cotrimoxazole, metronidazole, 
+ TBI + alloge”eic methylprednisolone, ranitidine 
BMT dig&x, timentin 

75 1.82 AhlL Am C + DNR Ceftazidime, vancomycin, 
+ VCR cimetidine 

Vancomycin, ewthromycin 
ceftuidime, cot~imoxazole 

Cotrimoxazole, dopamine, 
methylprednisolone, AV 

5600 1.7 

Ceftazidimc, amikacin <IO0 1.2 

Cimetidine 

- 

Heparin, ceftazidimc 

hlethylprednisolone, isoniazid, 
cyclosporine A 

Theophyllin 

Tcicoplanin, A\ 

Ceftazidime, amikacin 

hleth~lprednisolo~~e, furosemidr, 
timrntin, ceftazidime, acyclovir, 
ranitidinr, cyclosporine .2, A\ 

Ceftazidimc. cotrimoxazole, 
rifampicin, isoniuide, 
ranitidinr, AL 

<IOU 0.9 

5000 1.8 

56,000 0.9 

10,lOU 1.0 

350 0.9 

2700 2.0 

15,000 

20,000 

ilo0 

700 

30,000 

<100 

200 

I.5 

1.5 

1.1 

I .o 

I .Y 

1.5 

I.5 

F = female; M = male; TBI = total body irradiation; NSCLC = “on small cell lung cancrr; Chll. = chronic my&id leukemia; AML = acute myelo- 
blastic leukemia; ALL = acute lymphoblastic leukemia; CPA = cyclophosphamide; BMT = bone marrow transplantation; DSR = daunorubicin: VCR 
= vincristine; AV = artiticial ventilation. 

ficial ventilation. She had a severe intolerance to 
Fungizone@ and accepted to receive a dose of 
0.4 mg/kg (20 mg) of amphotcricin B incorporated 
in sonicated liposomes. No side-effects were 
observed; the patient died 5 days later from bacter- 
emia. In the following patients the serum level of 
amphotericin B was monitored and the dosage 
as well as the interval between two consecutive 
administrations were decided according to the clini- 
cal tolerance and the serum concentration ofampho- 
tericin B. As described in Table 3, the total dose 
of ampholiposomes ranged from 20 to 1004 mg 
(mean: 472 mg). The number of infusions per pati- 
ent ranged from 1 to 20 (mean: 8) and the duration 
of treatment from 1 to 29 days (mean: 10 days). A 
total of 117 infusions were given. The daily volume 
of liposomes administered ranged from 90 to 260 ml 
according to the dose of amphotcricin B prcscribcd. 
Figures la, b and c show the profile of amphotericin 
B serum concentration in patients 5, 10, 12. In the 
last patients, a serum concentration between 5 and 
20 pg/ml could be maintained by a daily dose of 

0.5-l .8 mg/kg of ampholiposomes. 
Tolerance to ampholiposomes was cxccllent. 

Patients who had presented scverc side-effects with 
Fungizone@ did not develop any with ampholipo- 
somcs. The most common complaint of the patients 
was a slight somnolence lasting a few hours after 
the end of the infusion. Hypcrkalcmia ( 1 case), mild 
hypokalemia (2)) nausea and vomiting (3) and 
arthralgia (1) were obscrvcd after some infusions 
(Table 4) but there were always several other poss- 
ible explanations for these manifestations since all 
these patients had an advanced neoplastic disease 
and multiple concurrent therapies. In patient 5 who 
received 60 mg of ampholiposomcs over 10 min, 
acute lumbar pain with concomitant elevation of 
serum amylase and lipasc lcvcls was obscrvcd; 
spontaneous resolution occurred within 48 h. No 
sign of hcmolysis was seen in the patients. WC did 
not observe hypomagncsemia or renal insufficiency 
due to ampholiposomes; a rapid correction of an 
clevatcd serum crcatininc or hypokalcmia, which 
was the conscqucncc of prior treatment with Fungi- 
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Fig. 1. Patterns of serum amphotericin B (measured by HPLC) and phospholipid concentrations during ampholiposomes therapy 
(--- phosphotipids; - amphotericin B). (a) Data obtained in patient 5, who received the following total doses of ampholiposomes: 
80 mg (days 1 and 2), 40 (days mg 7 and 9), 50 (days 11, 14, 17 and 20), 25 (day 22). The lower near the mg mg cuwe, 
basal leuel, represents the blood level obtained roith 1.2 mglkg of Iktgirone@ prior to onset of ampholiposomes. (b) Data in 
patient 10, who received the following total doses of ampholiposomes: 60 mg (days 1, 2, 3 and 5), 100 mg (dqr 6) and 60 mg 

(day 8). (c) Data in patient 12, who received a da+ dose of 60 mg of ampholiposomes from day 1 to day 15 except on dq 7. 
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Table 2. Type of infections and clinical outcome 

Silr of Response 
Patient Type of Pathogen positive of fungal Suniral Cause of 
NO. 

Aul0ps! 
infection isolated culture diseases death data 

I Fungemia 

2 Suspected 
candidiasis 

3 

4 

Lung 
aspergillosis 

Fungemia* 

5 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

1.5 

Lung 
aspergillosis 

Fungemia* 

Lung 
aspergillosis 

Suspected CNS 
aspergittosis 

Fungemia’ 

Lung 
aspergitlosis 

Suspected 
esophagitis 

Lung 
aspergittosis 

Lung 
aspergiltosis 

Fungemia’ 

Lung Aspcrgilh 
aspergittosis fumigate 

Candida olbicalrr Sputum 

Aspergilius 
fumigatus 

- 

Candida olbitans BIood(t7)t 

Aspergillus 
fumigotur 

BAL 

Candida olbicms hlouth, stool 

Aspergiilus 
fumigotuc 

Aspergillus 
fumigotus 

Candida albitnns 

Blood (5)t 

BAL 

Blood (4)t 

Sputum 

Blood (6)t 

Spulum post 
BAL 

- 

BAL 

Sputum 

Blood (13)t 

BAI. 

Failure 

Not evatuabte 

E’ailure 

ImproVemenr 

Improvemenl 

Improvcmm~ 

Improvement 

I lllp~0VWll~nt 

Not evaluablr 

sol evaluable 

Improvement 

InlplQVenXnl 

Failurr 

Failure 

Failure 

5 days Infection 

IO days Lung tumw 

It days Infection 

4 weeks Unknown 

IO months: - 

Disseminalcd 
candid&is 

No fungal discasr 

CNS and lung 
aspcrgillosis 

NA 

- 

2 months: - - 

5 months Leukemia 90 fungat discasr 

4f mowhs Leukemia 9;~ 

3 days Cardiac 
ar!Ihmias 

IS days ARtIS 

21 months Leukemia 

So fungat diseasr 

No fungat disease 

Lung aspergittosis 

2 months Leukemia x.1 

3 days 

9 days 

8 days 

Respiraror) 
failure 

CSS bleeding 

Septic shock 

Lung aspcrgittosis 

Disscminawd 
candid&is and lung 
aspcrgiltosis 

Lung aspcrgittosis 

CNS: central nervous system; BAL: bronchoatveotar tavaae; ARM: adult respiratory distress syndrome; X.\: no autops! 
‘Central catheter related. 
tNumberofpositive blood culture. 
$%I1 alive. 

zone@, was seen as soon as ampholiposomcs were 
started in two and four patients respectively. No 
cardiac, lung or CNS toxicity was documented 
during treatment and in the post-treatment follow- 

up* 
Table 2 shows the response of fungal discascs to 

ampholiposomes and the outcome of the patients; 
three patients were not cvaluablc for response 
because of early death due to non-infectious causes. 
In the group of seven cvaluablc patients with lung 
aspergillosis, three improved; the patient with a 
suspected Aspergillus spp. brain abscess improved 
as well as another with fungcmia. There were five 
failures: two fungemia and three lung aspcrgillosis. 
Autopsy was obtained in 10 patients. No fungal 
disease was seen in the three incvaluable cases and 
in patient 7, who died 5 months after treatment from 
a lung aspergillosis. One patient had disseminated 
candidiasis, four had aspcrgillosis, and the last one 
had both infections. 

Pharmacokinetic analysis 
All patients but one (patient 1) had, at least, a 

dctcrmination of peak and trough lcvcls of ampho- 
tcricin B in the serum. In some patients the assay 
was also performed after the administration of Fun- 
pizone@ and prior to the outset of ampholiposomcs 
therapy. As shown in Fig. 1, the strum peak lcvcl 
of amphotcricin B after Fungizonc@ never cxcccdcd 
2.5 kg/ml and trough lcvcls wcrc lower than 1 kg/ 
ml. On the other hand, with ampholiposomes, a 
peak concentration of more than 5 kg/ml was uni- 
formly obtained; after a few infusions it was higher 
than 10 pg/ml. A single dose of ampholiposomcs 
between 0.5 and 1.5 mg/kg was able to maintain 
serum lcvcls of amphotcricin B higher than 2 pg/ 
ml during 3-4 days. There was a concomitant 
incrcasc in blood phospholipid lcvcls. 

Figure 2 shows the semi-logarithmic profile of 
serum amphotcricin B concentration after a single 
dose of ampholiposomcs (1.2 mg/kg on day 1 in 
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Patient 
No. 

Fungizone therapy prior 
to ampholiposomes 

Total dose (mg) 

Total 
dose 

(mg) 

Ampholiposomc treatment 

Number of Duration of 
infusions treatment 

(days) 

Dose per infusion 
(numbcrofinfusions) 

350 

- 

20 

350 

I 

6 

1 

8 

20 mg (1) 

20 mg (I), 40 mg (l), 
~6omg(lL70mg(l), 

80 ma 12) 

80 mg (7), 100 mg (1) 

60 mg (5), 80 mg (1) 

415 

120 

330 

95 

660 

380 

465 

480 9 

8 

7 

22 

12 

25 mg mg (I), 40 (2), 
50 mg mg (4), 80 (2) 

35 mg mg (3), 50 (2), 
60 mg mg (I), 70 (2), 

75 (1) mg 

25 mg mg (l), 40 (l), 
50 mg mg (3), 60 (3), 

80 (2) mg 

24 mg mg (l), 30 (l), 
40 mg mg (3), 50 (8), 
60 mg mg (6), 70 (1) 

66mg(l), 8Omg(2) 

60 mg mg (5), 80 (I), 
100 (1) mg 

88 (7) mg 

60 (14) mg 

40 (2) mg 

40 mg mg (5), 50 (2), 
80 (1) mg 

60 mg mg (3), 90 (4) 

6 

7 1080 555 10 12 

8 1135 1004 20 29 

231 226 

- 480 

3 

7 

3 

8 

9 

10 

11 

12 

13 

14 

15 

88 

40 

280 

616 7 7 

840 14 15 

80 2 2 

380 8 8 

150 540 7 8 

Table 4. Side-effects of ampholiposomes 

Type of side-effects 
Number of 
patients Comments 

Slight somnolence 6 

Hyperkalemia 1 

Hypokalemia 2 

Nausea and vomiting 3 

Arthralgia 1 

Lumbar pain (pancreatitis) 1 

Patients 3, 4, 5, 6, 7, 15 

Patient 2 on days 1 and 2 

Patients 12 and 15 during all the treatment 
(serum K did not fall below 2.5 mmobl) 

Patients 2, 5 and 12, respectively during 
3, 2, and 1 days 

Patient 5 arter inrusions 1, 2 and 4 

Patient 4 during infusion 1 
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Table 5. Pharmacokineticparameters calculatedfor theJirst infusion of ampholiposomes 

Patient 
No. 

Amphotericin 
dose given 
(m&z) 

AUC; 
(kg./h/ml) 

Total Distribution 
clearance volume 
(ml/h/kg) (ml/kg) 

4 1.1 34 0.02 160 6.9 345 
5 1.45 67 0.01 1120 1.3 130 
6 1.3 11.5 0.06 150 8.6 144 
7 1.2 20.5 0.033 307 3.9 130 
8 1.2 23.5 0.03 287 4.2 140 
9 1.2 15 0.046 126 9.5 207 
10 1.1 19 0.036 153 7.2 200 
11 1.4 24.5 0.028 182 7.6 272 
15 1.2 13.5 0.05 186 6.5 126 

Mean ? u 1.2 + 0.1 25.3 f 16 0.044 + 0.022 297 ” 296 6.2 + 2.4 188 f 73 

100.0 r 
50.0 

t 

‘O.O L. P 
TE 

3.0 ‘ON. \ 
B 
E 1 ‘\ \ . 

1.0 \ 
‘\ 

0.5 

I 
I I I I I I I I 

0 6 12 I6 24 30 36 42 46 
Hours 

Fig. 2. Semi-logarithmic plot of the blood amphotericin B concentration 
after a single dose of ampholiposomes (90 mg on day 1 in patient 15). 

patient 15); it has a bi-exponential pattern: the first 
phase (o) has a short half-life (42 min) while the 
second (p) has a much longer half-life (810 min). 
Calculated AUC;S, total clearance and distribution 
volume were respectively 186 p,g, h/ml, 6.5 ml/h/kg 
and 126 ml/kg body wt. In practice the first phase 
is negligible. WC have been able to calculate the 
pharmacokinetic parameters for the first infusion of 
ampholiposomcs in nine patients (Table 5). For a 
mean given dose of amphotcricin B of 1.2 mg/kg of 
body wt, the mean l3 half-life was 25.3 h, the 
calculated AUC,” 217 pg. h/ml, the mean total 
clearance 6.2 ml/h/kg and the mean distribution 
volume 188 ml/kg. In patient 12 (Fig. lc), a third 
half-life (y) of 15 days was observed after treatment 
completion and followed a l3 half-life of 32 h 
obtained with the last infusion of ampholiposomcs. 

Microbiological investigation-s 
Serum amphotericin B concentration was meas- 

ured in eight patients by a bioassay using Paecilo- 
myces variotti. As shown in Fig. 3 for patient 8 
(177 samples), there was a good linear relationship 
between the values obtained with the HPLC method 
and those obtained with the bioassay as shown by 
linear regression (72 = 0.897). 

Serum fungicidal and fungistatic activities were 
determined on 77 1 samples against three test organ- 
isms (Table 6). Increased antifungal activity was 
observed when the serum level of amphotericin B 
measured by HPLC was high. This observation was 
statistically significant as cvaluatcd by ANOVA or 
the Kruskal-Wallis non-parametric test and con- 
firmed by the Scheffe, least square diffcrcncc modi- 

Bioassay (mcg/ml) 

Fig. 3. Relationship between the Serum concentrations of amphotm’cin B 
as measured by HPLC and those obtained by a bioassay in patient 8. 

(0) Ampholiposomes; 0 Fungizone@). 
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Table 6. Relation between amphotericin B serum level and serum fungicidal andfungistatic activities 

Sample 
NO. 

Fungizone@ P 
WlUe 

<l/2 112 l/4 l/8 (ANOVA) 

Fungistatic activity 
Candida albicans 

Torulopsis glabrata 

Aspergillus fumigatus 

Fungicidal activity 
Candida albicans 

Torulopsis glabrata 

Aspergillus fumigatus 

X?U 
n 

XtU 
n 

X&U 
n 

XkU 
n 

x-+ u 
n 

XkU 
n 

53 0.51 2 0.63 0.41 2 0.14 
16 4 

51 0.59 2 0.45 1.24 f 0.34 
30 10 

52 0.65 k 0.51 1.44 2 0.53 
32 13 

53 <l/2 
0.90 + 0.62 

47 

52 1.02 f. 0.69 
52 

52 1.02 2 0.69 
52 

1.16 -+ 0.45 1.88 f 0.48 <0.0001 
25 8 

1.90 * 0.43 <0.0001 
12 

1.90 * 0.41 <0.0001 

1.94 5 0.51 <0.0001 
6 

NA 

NA 

Sample 
No. <l/2 l/2 

Ampholiposomes P’ value 
(Kruskal- 

\Vallis test) 
114 l/8 l/l6 1 I32 l/64 

Fungistatic activity XkU 463 1.84 + 2.45 0.81 ? 0.62 3.27 2 2.22 4.76 ? 2.54 7.94 + 3.03 11.09 2 3.33 18.43 C 5.76 <O.OOOl 
Cm&da albicarrr n 25 I6 70 I I4 138 95 5 

Torulopsis glabralo XZCr 462 2.93 + 3.29 2.27 + 1.58 5.11 + 3.30 7.63 23.13 10.83 + 3.46 15.45 2 3.38 <0.0001 
n 69 33 121 139 93 7 

Aspngilhs fumigalus X+0 464 2.55 + 2.72 4.06 f 3.19 5.93 f 3.54 9.04 ? 3.32 12.42 I? 3.18 18.72 2 2.91 <O.OOOl 
n 66 70 155 131 40 2 

Fungicidal activity X?l? 459 Sl/2 6.79 t 3.62 9.24 2 3.03 12.86 t 3.31 20.78 <o.ooo I 
Candida albicanr n 4.41 + 4.04 I31 108 19 1 

200 

Tom&is glabrala X+0 458 5.34 + 4.09 9.44 rt 3.24 14.24 2 3.26 <O.OOOl 
n 325 125 8 

Aspngilhjiiigalus X?Cr 459 6.31 2 4.34 9.89 + 2.91 12.91 ‘- 6.95 <o.OOo 1 
n 422 34 3 

n = number of samples; X? D = mean serum concentration + standard deviation (pg/ml); NA = not applicable because all 
tested samples had a fimgicidal activity <1. 

lied or Wilcoxon tests. Only P values obtained with 
ANOVA (Fungizone@) or the Kruskal-Wallis test 
(ampholiposomes) are shown in Table 6. By increas- 
ing the serum level of amphotericin B, ampho- 
liposome administration resulted in higher serum 
antifungal activities. 

DI!XXJSION 
Previous attempts to decrease the toxicity of 

Fungizone@, the colloidal preparation of ampho- 
tericin B, have been unsuccessful. The clinical 
investigation of a semi-synthetic amphotericin B 
methylester, with promising antifungal activity, had 
to be stopped, because of the delayed occurrence in 
some treated patients of a lethal leukoencephal- 

opathy [18]. In the present report, intravenous 
administration ofamphotericin B entrapped in son- 
icated liposomes made of egg phosphatidylcholine, 
cholesterol and stearylamine in a molar ratio 4:3: 1 
was found to be outstandingly well tolerated by 
otherwise severely ill and often neutropenic patients. 
Although many ofthe patients had developed severe 
side-effects with Fungizone@, none ofthose reactions 
such as fever, chills or renal function impairment 
[2, 61 were observed during ampholiposomcs treat- 
ment. No limiting toxicity was reached with the 
dosages used in this study. 

The most frcqucnt side-effect was transient and 
slight somnolence; this might have been related 
to the liposomes because WC have also observed 
dizziness when WC administered an hydrophobic 
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cytostatic agent incorporated in liposomcs of the 
same composition [8, 91. No late neurological tox- 
icity was observed and thcrc was no delayed impair- 
ment of renal function. One patient, who rcccivcd a 
very rapid infusion, had symptoms and transient 
activity of strum cnzymcs consistent with an acute 
pancrcatitis. However in each patient, amphotcricin 
B given as ampholiposomes could be given much 
more rapidly than when administered as Fungi- 
zone@ (30 min to 1 h compared to 4-6 h). We 
observed one case of hyperkalemia, a complication 
reported with Fungizone@ given as a rapid infusion 
[ 191. Other possible side-effects were difficult to 
interpret because our patients had many medical 
problems and were receiving multiple drugs. Lopez- 
Berestein et al. [20], using the intravenous admin- 
istration of amphotericin B incorporated in multi- 
lamellar liposomes made of dimyristoylphosphat- 
idylcholine and dimyristoylphosphatidylglycerol 
in a 7:Y molar ratio, also reported a good tolerance to 
their treatments. In a study on peritoneal transport 
performed in rabbits, it has been shown that ampho- 
tericin B tended to raise ultrafiltration while deoxy- 
cholate induced peritoneal irritation and raised 
clearances of urea, potassium, phosphate and dex- 
trose without affecting ultrafiltration [21]. These 
observations suggest that some of the effects of 
Fungizone@ might not be due to amphotericin B 
itself but rather to the galenic preparation. It should 
be emphasized here that the type ofliposomal vector 
could have a critical impact on the properties of the 
drug. Chemical composition, charge, structure and 
mode of preparation are all variables that can 
modify the physico-chemical, biological and phar- 
macological properties of the liposomes and thus 
of the carried drug [22, 231. Administration of 
amphotericin B entrapped in liposomes of another 
composition might therefore result in values of 
pharmacokinetic and tissue distribution parameters 
different from those obtained in the present study. 

Although difficult to assess in some patients, 
significant clinical improvement was observed in 
several patients, particularly those with asper- 
gillosis; moreover all fungemias were eradicated by 
the ampholiposomes. However, these observations 
do not prove that ampholiposomes are superior 
therapeutically to Fungizone@, at least, they suggest 
clinical effectiveness. Other types of uni- or multi- 
lamellar liposomes incorporating amphotericin B 
[24-291 have been shown to be superior to Fungi- 
zone @ in experimental models of cryptococcosis, 
histoplasmosis or candidiasis in non-neutropenic or 
neutropenic mice. A preliminary clinical study with 
multilamellar liposomes by Lopez-Berestein et al. 
has also suggested superior antifungal activity [20]. 

Compared to Fungizone@, the ampholiposomes 
used in this study are characterized by pharmaco- 
kinetic properties suggesting a higher therapeutic 

activity in some clinical conditions. Their admin- 
istration resulted in prolonged and higher ampho- 
tericin B serum level; the peak and trough concen- 
trations, obtained with daily ampholiposomes 
infusions (1 J-1.5 mg/kg of amphotcricin B), were 
rcspcctively 10-20 kg/ml and 5-10 pg/ml while 
with Fungizone@ (0.6 mglkglday or 1.2 mglkgl 
2 day) strum peak lcvcls of amphotcricin B did not 
cxcccd 2 kg/ml and trough lcvcls were lower than 
lkg/ml [ 141. It is difficult to cxtcnsivcly compare 
the pharmacokinetic paramctcrs of amphotcricin B 
given as ampholiposomes to those of Fungizonc@ 
because information about the pharmacokinetics of 
Fungizon? has not been so far cxtcnsivcly studied. 
In the best available study where two patients have 
been investigated after receiving their last dose of 
Fungizonc@ [30], the distribution of the drug was 
described by a three-compartment model. Elimin- 
ation half-life of amphotcricin B for both patients 
were 14 and 16.5 days. This value is similar to the 
half-life obscrvcd for patient 12 with ampholipo- 
somcs (15 days). This observation suggests that the 
elimination of amphotericin B could occur at a 
similar rate for both types of preparation. 

The potential biological value of the high ampho- 
tcricin B lcvcls obtained after the administration of 
ampholiposomcs is suggested by the good linear 
regression between the HPLC determination and 
the bioassay dosage. It is also supported by the 
demonstration of a mcasurablc strum antifungal 
activity after the administration of ampholiposomes 
and in relationship with the elevated levels of 
amphotericin B. However, it remains to be shown 
whether the latter test [15] has a clinically signifi- 
cant predictive value for the response to a treatment 
with antifungal agents, as it is the case for the 
bactericidal serum titration [3 11. 

In conclusion, ampholiposomcs have been shown 
to have a better thcrapcutic index than Fungizone@, 
because of their better tolerance and possibly 
increased antifungal activity which seems to be 
related to higher serum concentrations. However, 
the clinical effectiveness of ampholiposomcs in the 
management of fungal diseases remains to bc estab- 
lished in controlled studies. As no limiting toxicity 
has yet been demonstrated, increasing the daily 
dose ofthis type ofampholiposomcs and/or reducing 
interval between the courses should also be further 
investigated. The role of ampholiposomcs in the 
treatment of other conditions such as macrophage 
disorders [32], parasitic diseases [33] or cancer [34] 
remains also to be investigated. 
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