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The purpose of this study was to evaluate the pharmacokinetics of amphotericin B colloidal dispersion and
its effect on creatinine clearance in bone marrow transplant patients with systemic fungal infections. Seventy-
five patients (42 females and 33 males) with a median age of 34.5 years and a median weight of 70.0 kg were
enrolled in the study. Patients received 1 of 15 dose levels (range, 0.5 to 8.0 mg/kg of body weight) daily for a
mean duration of 28 days and a mean cumulative dose amount of 8 g. Plasma samples for amphotericin B
determination (median number, 4; range, 2 to 30) and daily serum creatinine values were obtained for each
patient. Iterative two-stage analysis, one of several approaches to population pharmacokinetic and pharma-
codynamic modelling, was employed for the pharmacokinetic analysis. The plasma data were available for 51
of 75 patients and were best described by a two-compartment model. Both plasma clearance and volume of
distribution increased with escalating doses; the overall average terminal elimination half-life was 29 h. Of the
covariates studied, only body weight and dose size were significant. Serum creatinine values over the duration
of therapy were available for 59 of 75 patients. Overall, there was no net change in renal function over the
duration of therapy; 12 patients had >30% increases in creatinine clearance, whereas 13 had >30% decreases.
No measure of amphotericin B colloidal dispersion exposure, demographic values, or concomitant treatment

with other medications was related to changes in the creatinine clearance.

Patients undergoing bone marrow transplant procedures re-
ceive a plethora of immunosuppressive agents. These patients
are vulnerable to infections with a number of opportunistic
organisms, including fungi. In a recent review of over 1,500
patients undergoing bone marrow transplants, the incidence of
invasive candidiasis was 11% and that of invasive aspergillosis
was 4.5%, with mortalities of 73 and 84%), respectively (22).

Amphotericin B (AmB), a polyene antibiotic that is avail-
able as a deoxycholate micellar dispersion (DAmB), has been
the mainstay of systemic antifungal therapy for almost 4 de-
cades. Its antifungal activity is due to its affinity for sterols
(ergosterols) found in the membranes of fungal cells. However,
its undesirable binding to host cell sterols is believed to ac-
count for its various toxicities, which include nausea, vomiting,
chills, fever, anemia, and thrombophlebitis (14, 21, 27). The
primary dose-limiting toxicity of AmB is nephrotoxicity, which
occurs in up to 80% of patients receiving cumulative doses of
4 to 5 g. Consequently, the cumulative amount of AmB that
can be administered to patients and the duration of treatment
are limited (12, 15). The potential for nephrotoxicity poses a
therapeutic challenge for bone marrow transplant recipients,
for whom long-term therapy with DAmB for the treatment of
systemic suspected or documented fungal disease is generally
required. Furthermore, many of these patients are receiving
other nephrotoxic drugs such as cyclosporine, FK-506, amino-
glycoside antibiotics, and vancomycin, some of which have
synergistic nephrotoxic effects when coadministered with
DAmB (28).
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Recently, lipid-based formulations of AmB have been de-
veloped in an attempt to attenuate the toxicities associated
with AmB, to potentially target active sites of infection, and to
improve the therapeutic ratio of the drug (18-20, 30). One
such product is a colloidal suspension of AmB, amphotericin B
colloidal dispersion for injection (ABCD). ABCD is a lipid
complex of a near 1:1 molar ratio of AmB and sodium cho-
lesteryl sulfate. The lipid complex suspension contains uniform
discs approximately 115 nm in diameter and 4 nm in thickness
(13).

In a phase I study, the single-dose (0.5 to 1.5 mg/kg of body
weight) pharmacokinetics of ABCD were studied in healthy
volunteers (26). There are no published data regarding the
multiple-dose pharmacokinetics of ABCD in patients. This
paper will describe the pharmacokinetics of ABCD adminis-
tered daily to patients undergoing bone marrow transplanta-
tion. In addition, factors associated with changes in creatinine
clearance (CLy) are explored.

MATERIALS AND METHODS

Patient selection. This was an open-label, single-center, dose escalation study
designed to assess the safety and pharmacokinetics of ABCD for patients who
were undergoing autologous or allogenic bone marrow transplantation and who
had a variety of fungal infections, including documented candidiasis and aspergil-
losis and infections with Torulopsis glabrata or other molds. Apart from ABCD
no systemic antifungal agents, other than prior therapy with DAmB, were per-
mitted. In addition, patients who received other medications associated with
bone marrow transplant protocols (e.g., cyclosporine, colony-stimulating factors,
gentamicin, acyclovir) were included in the study. Patients with known sensitiv-
ities to DAmB, oncologic relapses, estimated creatinine clearances of <25 ml/
min, liver enzymes at or above six times the normal level, or severe veno-
occlusive disease were excluded.

Dose administration. Cohorts of three to seven patients were given daily
ABCD doses that were escalated, between cohorts, by 0.5 mg/kg/day. The doses
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TABLE 1. Summary of doses, durations, and samples obtained
for 51 patients included in the pharmacokinetic analysis

Daily dose No. of Median duration of Median no. of
(mg/kg) patients therapy (days) samples
0.5 3 57 5
1.0 6 22 5
1.5 5 24 4
2.0 1 13 3
2.5 1 108 27
3.0 3 31 9
4.0 3 45 9
4.5 5 29 5
5.0 6 37 6
55 2 29 4
6.0 2 42 2
6.5 1 42 4
7.0 3 42 2
7.5 9 39 3
8.0 1 43 4

ranged from 0.5 to 8.0 mg/kg/day, and the daily dose amount for each patient was
constant throughout the duration of therapy. Patients each received a 1.0-mg test
dose of ABCD prior to initiation of their therapeutic doses. All subsequent doses
were administered once daily by an intravenous zero-order infusion, at a rate of
1.0 mg/kg/h.

ABCD was supplied by SEQUUS Pharmaceuticals, Inc., in glass vials contain-
ing a sterile, nonpyrogenic, lyophilized cake of 100 mg of AmB. The lyophilized
drug was reconstituted with 20.0 ml of sterile water for injection (USP) and
diluted for injection with 5% dextrose to a final concentration of 0.625 mg of
AmB per ml. Depending on the dose, the infusion volume ranged from approx-
imately 50 to 800 ml.

Plasma sampling and analytical assay. Blood samples were generally obtained
just prior to and at the end of an infusion of ABCD after one or more doses,
while some patients had additional samples obtained at either 2 and 7 h or 1, 2,
6, 8, and 24 h. A median of 4 blood samples per patient (range, 2 to 30) was
obtained.

The blood samples were collected into EDTA-containing tubes and centri-
fuged at 1,000 X g for 10 min, and the plasma fraction was removed and stored
at —20°C for later determination of AmB concentrations. Total AmB concen-
trations in plasma were quantitated by a sensitive and specific high-performance
liquid chromatography assay with UV detection by Bio-Research Laboratories
LTD (Montreal, Canada). Solid-phase extraction was employed for sample prep-
aration and extraction of AmB. The sensitivity of the assay was 10.0 ng/liter, and
the linear range was 10.0 to 2,000 pg/liter. At 30 wg/liter, the precision was 8.1%
and the accuracy was within 6% of the nominal value, whereas at 2,000 wg/liter,
the values were 2.1 and 0.5%, respectively.

Pharmacometric methods of analyses. Patients were excluded from pharma-
cokinetic analyses if they had received prior doses of DAmB (within one week of
ABCD therapy) and had plasma samples obtained only within the first 2 weeks
of ABCD therapy. This restriction was applied to ensure that any contributions
of prior DAmB to the concentrations in plasma would have decreased to neg-
ligible values, thus minimizing their effects upon the multiple-dose pharmacoki-
netics of ABCD.

The plasma AmB concentration data were characterized by fitting pharmaco-
kinetic models to the data by iterative two-stage (IT2S) analysis (10, 11, 24, 25,
31), one of several approaches to mixed-effect modelling (also called population
modelling) (25, 29, 31). The population pharmacokinetic values were determined
by IT2S, a program which was developed with modules from the program pack-
age ADAPTII (5, 6). Briefly, the IT2S approach fits each of the individuals’ data
by a maximum a posteriori probability Bayesian estimator. The IT2S program
combines the results of all the individual patients into a refined estimate of the
pharmacokinetic parameters of the population model. These refined estimates
are then used to update the maximum a posteriori probability estimator and then
another fit (iteration) of the individual data sets is performed. This process
continues until convergence is achieved. The initial estimates of the pharmaco-
kinetic parameters were obtained from a single-dose study with human volun-
teers (26). Convergence of the IT2S analysis is considered to have occurred when
the average maximum likelihood is stable (shows no net change in the fourth
significant digit) for at least 10 iterations.

In this analysis, candidate structural population models and a model for the
residual variance of the observations (i.e., the concentrations in plasma) were
fitted to the experimental data. In addition, individual estimates for each subject
(pharmacokinetic parameter point estimates and asymptotic covariance matri-
ces) were generated during the process. Model discrimination was accomplished
by the rule of parsimony (16) and Akaikes’s information criterion (AIC) (1).

After the structural model was identified, both multiple linear regression with
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backward stepping and examination of scatter plots of the individual fitted
pharmacokinetic parameters versus selected variables were utilized to identify
potential covariates. Covariates, which either were significantly related by mul-
tiple linear regression (o <0.05) or appeared related to the pharmacokinetic
parameters by observation of the scatter plots, were tested in the population
model for improvement in AIC. The following covariates were evaluated: age,
weight, height, body surface area, gender, baseline CLg, and bone marrow
transplant type.

The empiric variance model for plasma AmB concentrations assumed that the
residual (error) standard deviations (o) of the observations were linearly related
to the true values (Y) by the equation ¢ = v, + Y + v,, in which v, and v, are the
variance parameters. The initial estimates for the variance parameters were
chosen on the basis of the performance specifications for the analytical assay;
later in the process, the values for the variance parameters were fitted (deter-
mined from the data).

The maximum AmB concentrations after the first dose and at steady state were
obtained by simulations of the fitted pharmacokinetic parameters and dosage
regimens for each patient. The 24-h area under the curve at steady state (AUC,,)
was calculated for each patient by dividing the daily dose by the fitted clearance.

Summary statistics are reported as the means and variances for the fitted
population parameters. The derived pharmacokinetic values—volume of distri-
bution at steady state (Vg the sum of the volumes of the central [V;] and
peripheral [V,] compartments), AUC,,, and the half-lives (¢;,,) of the initial [A;]
and terminal [\,] phases—for the population are reported as the means, medi-
ans, minimum and maximum values, and coefficients of determination.

Assessment of renal function. To allow the manifestation of potential renal
changes, patients were included in the renal-function analysis only if their dura-
tions of ABCD therapy were greater than 1 week. Daily serum creatinine values
were obtained throughout the duration of ABCD treatment for each patient. The
normalized (to 70 kg) CLgs were predicted daily by an equation that allowed
for changing serum creatinine (4, 36). The median weekly CLgs during the first
(CL¢R,) and last (CLcg,) weeks of ABCD therapy were determined and com-
pared statistically by the Wilcoxon signed rank test. Specific covariates such as
dose, cumulative amount of ABCD, duration of therapy, and agents (e.g., cyclo-
sporine, gentamicin, prior amphotericin B use) known to influence renal function
were studied for their influences upon the percent change in CLcy (percent
change = 100 (CLcrs — CLcRr;)/CLcg;) by multiple linear regression with
backward stepping. All statistical tests were considered significant at an « of 0.05,
and changes in CLcg of >30% were considered clinically significant. The com-
puter package Systat for Windows, version 5.0, was used for all statistical com-
putations (33).

RESULTS

Final pharmacokinetic model for ABCD. The 75 marrow
transplant patients (42 females and 33 males) enrolled in the
study had a median age of 34.5 (range, 3 to 58) years and a
median weight of 70.0 (14 to 116) kg. The majority of the
patients underwent transplantation for hematological malig-
nancies. Of the patients, 62 received allogenic transplants and
13 received autologous transplants.

A total of 51 patients (29 females and 22 males) with a
median age of 32.0 (range, 3 to 52) years and a median weight
of 69.5 (13.7 to 116) kg were included in the pharmacokinetic
analyses. Of these, 10 patients had not received prior conven-
tional AmB therapy. The 24 patients excluded from the anal-
yses had received prior treatment with conventional AmB and
did not have plasma samples drawn beyond 2 weeks of ABCD
therapy. A description of the number of patients included in
the pharmacokinetic analyses by dose group, duration of ther-
apy, and number of plasma samples obtained is shown in Ta-
ble 1.

Plasma AmB concentrations were best fit by an open, two-

X(1) CLd XQ)
R(1) P Ve DN Vp
CLt

FIG. 1. Structural pharmacokinetic model. V., V;. See text for definitions of
other abbreviations.
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FIG. 2. Plot of individual values for V,, versus dose.

compartment structural model, with the intravenous infusion
described by a zero-order process, R(1). The fitted pharmaco-
kinetic model parameters included volumes of the central (V)
and peripheral (V,) compartments and distributional (CL,)
and total (CL,) clearances. A scatter plot of the initial results
of the individual fitted pharmacokinetic values indicated that
the likelihood distribution for CL, was right-skewed. Conse-
quently, this parameter was modelled as a log normal distri-
bution. Both CL, and CL, were modelled as linear processes.
This model and its output (plasma concentrations) may be
defined by the following ordinary differential and model output
equations: (i) XP(1) = R(1) — CL,[X(1)/V, — X2)/V,] —

0.23 .

0.20

CLt (L//ke)
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TABLE 2. Fitted population pharmacokinetic parameter values
for ABCD (see text for definitions)

Parameter (unit) Mean Variance
V, (liters/kg) 0.0894 0.00461
Voo (liters/kg) 1.69 1.51
V pmax (liters/kg) 4.81 6.67
K, (dosefl) 0.334 0.0525
CL, (liters/h/kg) 0.943 0.666
CL,, (liters/h/kg) 0.0661 0.00262
CL,max (liters/h/kg) 0.134 0.00351
K, (dose™") 0.278 0.0621

X)WV, - CL, (i) XP(2) = CL,[X(1)/V, — X(2)/V,], and (iii)
Y(1) = X(1)/V;, where XP(1) and XP(2) represent the central
and peripheral compartments, respectively, X(1) and X(2) are
the amounts of drug in the central and peripheral compart-
ments, respectively, and Y(1) is the fitted plasma concentra-
tion. Figure 1 depicts the structural pharmacokinetic model.

Of the covariates tested, only dose (in milligrams per kilo-
gram) and body weight were identified by multiple linear re-
gression and observation of the scatter plots to be related to
both V,, (in liters per kilogram) and CL, (in liters per hour per
kilogram). Including these covariates in the model significantly
decreased the AIC value from 3,200 (simple model) to 2,712
(model including weight and dose). Figures 2 and 3 display the
individual estimates for V), and CL,, respectively, versus doses.
The smooth lines through the individual points are the popu-
lation mean values fitted by the following functions: (i) V, =
Voo * Vomax = Vpo)[1 — exp ®9] and (ii) CL, = CL,, +
(CLyax — CL)[1 — expRd"dos)] The asymptotic minima
(Vo and CL,,,) and maxima (V,ax and CL,,,,,,) for 1, and CL,
and the coefficients of change (K, and K_) for volume of
distribution and clearance were fit for both V/, and CL, (Table
2). The \, t,,, and \, ¢,,, phases were derived from the fitted
parameters and are summarized for the population in Table 3.
No change in the \, t,,, was seen with increasing doses.

The model fit the observed data very well. This is evident in
Figure 4, which shows the observed (Y) and fitted (X) plasma
AmB concentrations for the 51 patients. The line of best fit
through these data (Y = 0.992-X + 0.951-10"*%) did not
differ from the line of identity (reflecting a lack of bias), and
the coefficient of determination was 0.954 (reflecting good
precision). Linear regression of weighted residual (Y) versus
fitted plasma concentrations [X(1)] and versus time [X(2)]
likewise showed no bias. Neither slope (P > 0.334) nor inter-
cept (P > 0.223) for either plot differed from zero [Y =
(3.5-107°)X(1) — 0.0876; Y = (9.4 - 10~°)X(2) — 0.106]. The

TABLE 3. Summary statistics for derived ABCD
pharmacokinetic parameters®

Value for parameter

- * *
0.05 . e
0.03 | B
| 1 | |
0.00
0.00 2.00 4.00 6.00 8.00 10.00
Dose (mg/kg/day)

FIG. 3. Plot of individual values for CL, versus dose. The smooth line is the

fitted population mean.

Statistical
index At Ayt AUC Vs
(min) (h) (png/ml - h) (liters/kg)

Minimum 0.213 10.8 4.12 1.02
Maximum 25.8 49.5 25.3 6.81
Median 3.78 28.4 9.69 345
Mean 6.6 29.0 10.5 3.61
CV (%) 103 31.3 40.7 39.7

“n = 51. AUC is normalized to a 1-mg/kg/day dose of ABCD. CV, coefficient
of variation, calculated as standard deviation/mean X 100.
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FIG. 4. Plot of observed versus fitted values for plasma AmB concentrations
(51 patients, 300 plasma samples, r* = 0.954). The diagonal line is the line of
identity.

fitted variance model (v; = 0.1541 and v, = 10.0 pg/liter) is
also reflective of good precision.

A patient receiving 4.0 mg of ABCD per kg would have the
following a priori pharmacokinetic values: 7}, 0.0894 liter/kg;
V,,3.99 liters/kg; Vg, 4.08 liters/kg (Vs = V.. + V,,); CL,, 0.597
liter/h/kg; CL,, 0.112 liter/h/kg; \, t,,5, 5.16 min; A, ¢,,,, 29.8 h;
maximum plasma drug concentration at steady-state, 2,800 pg/
liter. Figure 5 depicts the predicted concentration-versus-time
profile of AmB following a 4.0-mg/kg dose of ABCD admin-
istered daily for 10 days and infused over 4 h.

Five children less than 13 years of age were enrolled in this
study in the 7.0- and 7.5-mg/kg/day dose levels. Although the
number of children was limited, the comparison of estimates of
pharmacokinetic parameters for children and adults in the
same dose level groups suggests that ABCD has similar phar-
macokinetics in children and adults (Table 4).

Of the 75 patients, 59 received at least eight days of ABCD
therapy and were evaluated for changing renal function. Of
these, the number of patients receiving other potentially neph-
rotoxic drugs were as follows: 9 received only prior DAmB, 3
received only cyclosporine, 29 received DAmB plus cyclospo-
rine, 3 received DAmB plus gentamicin, 2 received cyclospo-
rine plus gentamicin, and 13 received DAmB plus cyclosporine
plus gentamicin. Of the 59 patients studied, 46 were also in-
cluded in the pharmacokinetic analyses. The median values for
duration of therapy and cumulative amount of ABCD received
were 34 days (range, 8 to 108) and 8.44 g (range, 0.815 to 34.2),
respectively. Overall, there was no significant change in CLg
between the first (X) and last (Y) week of ABCD therapy (P =
0.169) (Fig. 6). The overall mean percent change in CLy for
the 59 patients was —0.176% (range, —71.6 to 94.3%). Twelve
patients had an increase in CLy of greater than 30%, whereas
13 had a decrease greater than 30%. None of the following
variables were related to the percent change in CLg over the
duration of therapy: ABCD daily dose (in milligrams per kilo-
gram), cumulative amount of ABCD administered, number of
days of therapy, bone marrow transplant type, sex, age, and
administration or cumulative amounts of prior DAmB, cyclo-
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sporine, or gentamicin. Further, for the 46 patients included in
the pharmacokinetic analyses, no measure of ABCD exposure
(e.g., AUC or average or maximum concentration) correlated
with percent change in CL.g. There was also no mean net
change from baseline values in any hepatic function test (ala-
nine aminotransferase, aspartate aminotransferase, alkaline
phosphatase, or bilirubin) over the duration of ABCD therapy.

DISCUSSION

ABCD at 0.5 to 8.0 mg/kg/day displayed pharmacokinetics
best described by an open, two-compartment structural model,
with an initial decline reflecting distribution to rapidly equili-
brating tissues followed by a prolonged terminal phase. Body
weight and dose group accounted for a substantial portion of
the variability of the pharmacokinetic estimates between pa-
tients. The increases in both V, and CL, with increasing doses
suggest a possible saturable binding site within the central
volume compartment.

The trend towards an increase in V), with escalating doses of
ABCD has also been reported in a single-dose pharmacoki-
netic study, in which ABCD was administered to healthy vol-
unteers at doses of 0.25 to 1.5 mg/kg at an infusion rate of 0.5
mg/kg/h (26). The increase in plasma clearance with escalating
doses is characteristic of drugs which display a restrictive clear-
ance, that is, a clearance dependent on the amount of unbound
drug. As the doses increase, binding sites within the central
compartment may become saturated, resulting in a larger
amount of drug becoming available for elimination from the
plasma. However, in the single-dose escalation study (dose
range, 0.5 to 1.5 mg/kg), the plasma clearance remained con-
stant at a value of approximately 0.025 liter/h/kg, with a ter-
minal t,,, of approximately 10 days (26). Since the highest dose
of ABCD administered was 1.5 mg/kg, it is uncertain whether
higher doses would have resulted in a similar increase in clear-
ance. Curiously, at equivalent doses clearance was threefold
larger after multiple dosing compared with the clearance from
the single-dose study. This could be explained by study popu-
lation differences, although there is preclinical evidence that
the pharmacokinetics of ABCD may differ after multiple dos-
ing. In a study of ABCD with dogs, a clearance that was larger
than expected was also observed after multiple dosing (8).
Since liposomal and colloidal particles are believed to be taken
up by the reticuloendothelial system (34), the larger clearance
observed with multiple dosing may be related to either an
increase in phagocytosis by macrophages within the reticuloen-
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FIG. 5. Simulation of total plasma AmB concentrations following daily doses
of 4.0 mg/kg of ABCD infused over 4 h.
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TABLE 4. Summary statistics for ABCD pharmacokinetic parameter estimates

Value for statistical index for group”

Parameter

(unit) Children (<13 yr; n = 5)

Adults (13-64 yr; n = 7)

Median (range)

Mean (CV [%])

Median (range) Mean (CV [%])

V., (liters/kg) 4.81 (1.99-6.47) 457 (36.3) 4.0 (2.35-6.81) 421 (32.9)
CL, (liters/h/kg) 0.144 (0.114-0.167) 0.144 (15.4) 0.105 (0.0694-0.163) 0.111 (26.5)
st (h) 31.0 (14.8-45.0) 31.5 (40.3) 30.9 (23.1-41.6) 32.1(17.4)
AUC,, (pg/ml-h) 6.94 (5.96-8.80) 7.10 (16.2) 9.52 (6.15-14.4) 9.60 (27.0)

“ Values for children and adults receiving either 7.0- or 7.5-mg/kg doses of ABCD. CV, coefficient of variation, calculated as (standard deviation/mean) X 100. AUC

is normalized to a 1-mg/kg/day dose of ABCD.

dothelial system or some other inducible eliminative process
(32).

It is difficult to directly compare the pharmacokinetics of
ABCD and DAmB because of the paucity of studies of the
pharmacokinetics of AmB administered as DAmB. Further-
more, the available studies have utilized different patient pop-
ulations and study designs, different assays (e.g., bioassays and
high-performance liquid chromatography), and different ap-
proaches to pharmacokinetic data analysis. In addition, the
curves for plasma drug concentration versus time have been
characterized by both two- and three-compartment linear
structural models. Nevertheless, the reported ranges of values
for the volume of distribution, plasma clearance, and terminal
t,,, of AmB are 0.5 to 4.0 liters/kg, 0.01 to 0.026 liter/h/kg, and
1 to 15 days, respectively. DAmB doses of 0.10 to 1.0 mg/kg,
infused at a rate of 0.25 mg/kg/h, resulted in maximum plasma
drug concentrations of 551 to 2,000 pg/liter (2, 9, 17, 23). The
maximum achievable concentrations in plasma following a 1.0-
mg/kg/h infusion rate for ABCD in this study ranged from 658
to 6,210 pg/liter at doses of 0.50 and 8.00 mg/kg, respectively.

The renal function-sparing effects of ABCD are evident
from this study. There was no net change in renal function over
the duration of ABCD treatment for the study population. In
addition, there was no association between any pharmacoki-
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FIG. 6. Plot of values for CL~g during the first versus last weeks of ABCD
therapy.

netic exposure measure (i.e., AUC, or maximum or average
concentration) of ABCD or other covariates (i.e., cyclosporine
or gentamicin) and the percent change in CL~g. Thus, it can
be stated that ABCD (at these doses) does not alter renal
function when administered alone or in combination with po-
tentially nephrotoxic drugs to patients receiving bone marrow
transplants.

ABCD’s lack of renal toxicity is most likely associated with
an alteration in the distribution characteristics of AmB. This
hypothesis is supported by preclinical studies, in which it has
been shown that renal toxicity is positively correlated with the
amount of AmB in the kidney. For rats, the concentration of
AmB in the kidneys of ABCD-treated animals was approxi-
mately sevenfold lower than that in DAmB-treated animals
(7), which correlated with reduced renal toxicity. Further, dogs
tolerated eightfold higher doses of ABCD before exhibiting
any renal toxicity of the same severity as that produced by
DAmB (8). The fact that less AmB is recovered from the
kidney following ABCD administration than following DAmB
administration may be related to the lipoprotein-binding char-
acteristics of each formulation. It has been postulated that
AmB bound to low-density lipoproteins may be responsible for
the nephrotoxicity observed in vivo and that the disruption or
decreased formation of this AmB-low-density lipoprotein
complex could decrease the renal toxicity (3). Recently, it has
been determined that changes in temperature and lipid com-
position of AmB do affect the binding characteristics of AmB
to serum lipoproteins (35). In fact, after incubation of DAmB
in serum at 37°C, the distribution of AmB was found to be
similar for high- and low-density lipoproteins. However, up-
wards of 90% of AmB was associated with the high-density
lipoprotein fraction following incubation of the lipid-based
formulations. A similar finding was observed for ABCD fol-
lowing incubation in human plasma (13). There were 14- and
8-fold decreases in binding to the low- and high-density li-
poprotein fractions, respectively, compared with that for the
DAmB formulation. This greater affinity of the lipid-based
AmB formulations for serum high-density lipoproteins may
explain the lower amount of AmB recovered in the kidney.

This study suggests that ABCD can be administered safely as
an antifungal agent to patients receiving bone marrow trans-
plants. The lack of renal toxicity associated with ABCD will
allow clinicians more flexibility in both the amount of drug
administered and the duration of therapy. The usefulness of
the pharmacokinetic parameter values derived from this study
population will remain unclear until a relationship between the
pharmacokinetics and pharmacodynamics of AmB is identi-
fied.
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