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Amphotericin B Lipid Complex for Invasive Fungal Infections: Analysis of
Safety and Efficacy in 556 Cases
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The safety and antifungal efficacy of amphotericin B lipid complex (ABLC) were evaluated in
556 cases of invasive fungal infection treated through an open-label, single-patient, emergency-use
study of patients who were refractory to or intolerant of conventional antifungal therapy. All 556
treatment episodes were evaluable for safety. During the course of ABLC therapy, serum creatinine
levels significantly decreased from baseline (P õ .02). Among 162 patients with serum creatinine
values §2.5 mg/dL at the start of ABLC therapy (baseline), the mean serum creatinine value
decreased significantly from the first week through the sixth week (P £ .0003). Among the 291
mycologically confirmed cases evaluable for therapeutic response, there was a complete or partial
response to ABLC in 167 (57%), including 42% (55) of 130 cases of aspergillosis, 67% (28) of 42
cases of disseminated candidiasis, 71% (17) of 24 cases of zygomycosis, and 82% (9) of 11 cases of
fusariosis. Response rates varied according to the pattern of invasive fungal infection, underlying
condition, and reason for enrollment (intolerance versus progressive infection). These findings sup-
port the use of ABLC in the treatment of invasive fungal infections in patients who are intolerant
of or refractory to conventional antifungal therapy.

Invasive fungal infections are important causes of morbidity (DMPC) and dimyristoylphosphatidylglycerol (DMPG), are
present in a 7:3 molar ratio. In the coupled state within theand mortality among immunocompromised patients. These in-

fections include disseminated candidiasis, pulmonary aspergil- lipid complex, amphotericin B in vitro binds preferentially to
fungal cell membranes while minimally affecting mammalianlosis, zygomycosis, and fusariosis. Amphotericin B is consid-

ered the treatment of choice for most of these infections [1– cellular membranes, possibly accounting for its reduced toxic-
ity in vivo [8–11].3]. The usefulness of amphotericin B is nevertheless limited

by potentially serious adverse effects, particularly dose-limiting ABLC was recently approved by the U.S. Food and Drug
Administration (FDA) for treatment of invasive fungal infec-nephrotoxicity [2–7]. Amphotericin B–induced renal impair-

ment may warrant premature or temporary cessation of treat- tions in patients who are refractory to or intolerant of conven-
tional amphotericin B therapy. The indications include invasivement or a reduction in dosage, resulting in worsening of the

infection or prolonged hospitalization [4]. aspergillosis, candidiasis, and other opportunistic mycoses.
However, there are few study reports in the literature describingAmphotericin B lipid complex (ABLC; ABELCET, The Li-

posome Co., Princeton, NJ) was developed to reduce the toxic- the safety and efficacy of ABLC in the treatment of proven
invasive fungal infections.ity and maximize the therapeutic utility of amphotericin B in

the treatment of invasive fungal infections. ABLC consists of Herein we report on the open-label, single-patient emergency
use of ABLC in treatment of patients with invasive mycosesamphotericin B complexed with two lipids in a 1:1 drug-to-

lipid molar ratio. These lipids, dimyristoylphosphatidylcholine whose infections failed to respond to previous systemic antifun-
gal therapy, who experienced severe nephrotoxicity due to am-
photericin B or other drugs, or who had preexisting renal im-
pairment. To our knowledge, this is the largest series of patients
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was fulfilled: (1) the failure of previous systemic antifungal from within the normal range to above normal (ú1.5 mg/dL)
or else a ú20% increase from the baseline value.treatment, including amphotericin B administered at a cumula-

tive dose of at least 500 mg; (2) the development during anti-
fungal therapy with amphotericin B or other drugs of nephro-

Assessment of Efficacy
toxicity (defined as a serum creatinine level of §2.5 mg/dL
[221 mmol/L] in adults or §1.5 mg/dL [133 mmol/L] in chil- The response of each patient enrolled in the study to antifun-

gal therapy was assessed by a panel of six infectious diseasedren); (3) severe acute toxicity; or (4) pretreatment renal in-
sufficiency (a serum creatinine level of §2.5 mg/dL [221 specialists with expertise in invasive fungal infections (T.W.,

J.H., G.H., J.S., M.D., and A.R.). The panel’s assessments weremmol/L] or a creatinine clearance rate of õ25 mL/min) that
precluded treatment with amphotericin B. based on the same set of rigorous criteria as those defined by

the Mycoses Study Group, hence providing a more consistentPatients were excluded from enrollment in the study if a
systemic antifungal or investigational drug was administered and objective set of evaluations. Patients were evaluable for

efficacy if (1) they received at least four full doses of ABLC,concurrently with ABLC, if they were pregnant or lactating,
or if they were hypersensitive to amphotericin B. Before ABLC (2) they received no concurrent systemic antifungal drugs, (3)

diagnosis of an invasive fungal infection was supported bytreatment was initiated, the investigator obtained approval from
the local institutional review board. Written informed consent clinical as well as microbiological and/or histologic findings,

and (4) the appropriate follow-up studies were performed towas obtained from all study participants or their parents.
permit an independent evaluation of therapeutic response. The
clinical response in all evaluable patients was assessed as de-

Drug Administration
fined below. There were no appreciable differences in efficacy
response rates between the evaluable and the intent-to-treatOn the basis of preclinical and phase II studies of ABLC,

patients were to be treated with a dosage of 5.0 mg/(kgrd). population; the largest difference was õ10%. Analysis of both
the evaluable and intent-to-treat populations is reported forInvestigators had the option of administering lower dosages of

ABLC. ABLC was initially infused intravenously at a dosage completeness.
of 2.5 mg/(kgrh) daily (2-hour infusions). Following the initial
infusion, both the rate of infusion and duration of treatment

Classification of Fungal Infections
could be adjusted as clinically warranted. The daily dosage
could also be reduced in the event of nephrotoxicity (an in- Aspergillosis. The following definitions were used for di-

agnoses of aspergillosis: (1) pulmonary aspergillosis: recoverycrease in serum creatinine level of §0.5 mg/dL [44 mmol/L]
above baseline). of microbiologically or histologically confirmed Aspergillus

species organisms from tissue or respiratory secretions fromAccording to protocol guidelines, ABLC was to be adminis-
tered for 4 weeks, but therapy could extend beyond this if an immunocompromised patient with fever and pulmonary in-

filtrates; (2) disseminated aspergillosis: infection due to Asper-clinically indicated. For all patients, including those who had
a complete or partial response, the completion of therapy was gillus species involving two or more noncontiguous tissue sites;

(3) sinus aspergillosis: clinical evidence of sinusitis and recov-a clinical judgment made by each treating physician (investi-
gator). ery of Aspergillus species organisms from biopsy or aspiration

specimen of sinus tissue; and (4) single-organ extrapulmonary
aspergillosis: microbiologically or histologically confirmed in-

Safety Monitoring
fection due to Aspergillus species in a single organ, other than
sinuses and lungs.Renal function was assessed during treatment by measure-

ment of serum creatinine, blood urea nitrogen (BUN), and Similar definitions of pulmonary, sinus, disseminated, and sin-
gle-organ extrapulmonary infections were applied to mycosesserum potassium levels. Hepatic and hematologic parameters

were assessed at least weekly. Within 24 hours of the conclu- due to other filamentous fungi, including Zygomycetes, Fusarium
species, dematiaceous molds (causing phaeohyphomycosis), andsion of treatment, as well as 1 and 4 weeks after the last dose,

diagnostic, mycological, and all laboratory evaluations were nonfusarial hyaline molds (causing hyalohyphomycosis).
Candidiasis. Candidemia was diagnosed if one or morerepeated.

Renal function, as measured by the serum creatinine level, blood cultures were positive for Candida species. Disseminated
candidiasis was defined as histologically proven invasive candi-was assessed daily during therapy. A patient was considered

to have stable renal function if the serum creatinine value diasis in two or more noncontiguous tissues or fungemia with
histologically proven invasive candidiasis in one tissue site.remained within the normal range (£1.5 mg/dL) or the change

from baseline was õ20%. Improvement in renal function was Single-organ candidiasis was tissue-proven invasive candidia-
sis in a single organ.defined as a decrease in serum creatinine level from a baseline

value of §1.5 mg/dL to within the normal range or else a Cryptococcosis. CNS cryptococcosis was defined by the
presence of Cryptococcus neoformans in CSF or brain tissue.ú20% decrease from the baseline value. Deterioration in renal

function was defined as an increase in serum creatinine level Non-CNS cryptococcosis was defined by the presence of
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C. neoformans in normally sterile body fluids other than CSF Among the 556 cases, 292 (52.5%) were enrolled because
of failure of previous systemic antifungal therapy (48.5%, con-or in tissue other than the CNS. If CNS and non-CNS crypto-

coccosis were present, the condition was classified as CNS ventional amphotericin B; 4%, other antifungal agents). Other
causes for enrollment included nephrotoxicity due to amphoter-cryptococcosis.

Mycoses due to dimorphic fungi. These mycoses comprised icin B in 181 cases (32.6%), nonrenal toxicities due to ampho-
tericin B in 30 (5%), toxicity due to other antifungal drugs inculture- or histologically proven infections due to Histoplasma

capsulatum var. capsulatum, Coccidioides immitis, Blasto- 3 (õ1%), and preexisting renal disease in 50 (9%).
One hundred thirty-four (24%) of the 556 cases involvedmyces dermatitidis, or Sporothrix schenckii.

neutropenia (õ500 neutrophils/mm3) at the time of initiation
of ABLC therapy. Corticosteroids and cytotoxic agents were

Definitions of Response administered within 2 weeks of receipt of ABLC in 337 (61%)
and 103 cases (19%), respectively. Nephrotoxic agents, includ-Resolution of all attributable pretreatment signs and symp-
ing aminoglycosides, cyclosporin, tacrolimus, and foscarnet,toms of invasive mycosis by the end of therapy was consid-
were also administered in 433 cases (78%).ered a complete response. Substantial reduction of attributable

Among the 556 cases, 291 fulfilled criteria for evaluabilitypretreatment signs and symptoms of invasive mycosis by the
of efficacy. The underlying conditions in this population andend of therapy was considered a partial response. A stable
their relationship to specific infections are summarized in tableresponse was defined as minimal or no change in such signs
1. The most common underlying condition was hematologicand symptoms by the end of therapy, and failure was defined
malignancy, which was present in 78 cases (27%), and includedas worsening of the pretreatment signs and symptoms of inva-
acute myelocytic leukemia (36 cases) and acute lymphoblasticsive mycosis.
leukemia (23 cases). Among the 29 cases of immunodeficien-
cies, there were 25 cases of AIDS. Solid tumors constituted

Statistical Analysis the primary condition in 14 cases (5%) and organ transplant
(heart, heart/lung, kidney, liver, or lung) in 54 (19%). AmongThe significance of differences in proportions was deter-
the other underlying conditions (n Å 61), diabetes mellitus andmined by x2 or Fisher’s exact test as appropriate. Means of
aplastic anemia were the most common subgroups.laboratory results were compared by Wilcoxon’s rank-sum test.

Filamentous fungal infections were more likely to occur inAll P values were two-sided, and a value of P £ .05 was
patients with hematologic malignancies and bone marrowconsidered significant. Response rates were analyzed as func-
transplants than in those patients with solid tumors, solid organtions of primary underlying illness, reason for enrollment, type
transplants, AIDS, and other diseases (89 of 137 [66%] vs. 81of fungal pathogen, pattern of infection (i.e., localized vs. dis-
of 154 [53%]; P Å .03). By comparison, all cases of mycosesseminated infection), and recovery from neutropenia. All data
due to dimorphic fungi were associated with a solid organprocessing and statistical analyses were performed with use of
transplant, solid tumors, AIDS, or other disease statesthe SAS System, version 6.09 (SAS Institute, Cary, NC), on a
(P õ .0001). Candidiasis occurred with similar frequency inUNIX-based Solaris operating system (Sun Microsystems, Palo
the group of patients with hematologic malignancies and boneAlto, CA).
marrow transplants (31%) and in the group of patients withABLC was administered in 556 courses of therapy, including
solid organ transplants, solid tumors, AIDS, and other diseases433 for microbiologically confirmed infection and 123 for sus-
(28%) (P Å .53).pected infection. All 556 cases were evaluable for safety.

As demonstrated in table 2, more patients with filamentousAmong the 433 microbiologically confirmed cases, 291 were
fungal infections had received a high cumulative dose of con-evaluable for antifungal efficacy. Four hundred eighty-three
ventional amphotericin B (ú15 mg/kg) than had those with(87%) of the 556 patients began treatment with a dosage of 5
yeast infections (71 of 170 [42%] vs. 26 of 105 [25%]). Tablemg/(kgrd); 73 patients (13%) began treatment with dosages
3 reveals that more patients enrolled for progressive infectionof£3 mg/(kgrd). There was no significant difference in safety
had received a high cumulative dose of conventional amphoter-and efficacy as a function of initial dosages used; therefore, all
icin B than had those enrolled for intolerance to amphotericinpatients’ data are analyzed together.
B (80 of 151 [53%] vs. 23 of 140 [16%]).

Results
Analysis of Safety

Demographic Characteristics of Patients
Examination of the change in mean serum creatinine level

during ABLC treatment for all patients and for those with aA total of 556 cases were enrolled between December 1990
and October 1995. The study population consisted of 551 pa- elevated serum creatinine level (§2.5 mg/dL [§221 mmol/L])

at baseline demonstrated gradual reductions over the course oftients (356 males and 195 females; mean age, 37.2 years [range,
21 days to 93 years]), 5 of whom received two courses of therapy. Serum creatinine levels declined during ABLC therapy

for the entire population, reaching statistical significance inABLC that were independently evaluated.

/ 9c4e$$ju27 05-19-98 12:52:52 cidal UC: CID



1386 Walsh et al. CID 1998;26 (June)

Table 1. Underlying condition(s) as related to specific infections in all evaluable cases of invasive fungal infection.

No. (%) of infections associated with underlying condition

Hematologic Bone marrow Solid organ Solid
Fungal pathogens, infection n malignancy transplant transplant tumor AIDS Other*

Filamentous fungi
Aspergillosis 130 39 (30) 34 (26) 27 (21) 5 (4) 9 (7) 16 (12)
Zygomycosis 24 4 (17) 2 (8) 6 (25) 0 0 12 (50)
Fusariosis 11 4 (36) 3 (27) 1 (9) 2 (18) 0 1 (9)
Phaeohyphomycosis and

hyalohyphomycosis† 5 1 (20) 2 (40) 2 (40) 0 0 0
Yeasts

Candidiasis 91 27 (30) 16 (18) 11 (12) 6 (7) 6 (7) 25 (27)
Cryptococcosis 11 1 (9) 1 (9) 3 (27) 0 5 (45) 1 (9)
Other‡ 3 2 (67) 0 0 0 0 1 (33)

Dimorphic fungi
Histoplasmosis 8 0 0 3 (38) 0 4 (50) 1 (13)
Coccidioidomycosis 4 0 0 0 1 (25) 1 (25) 2 (50)
Blastomycosis 2 0 0 1 (50) 0 0 1 (50)
Sporotrichosis 1 0 0 0 0 0 1 (100)

Aspergillosis and candidiasis 1 0 1 (100) 0 0 0 0
Total 291 78 (27) 59 (20) 54 (19) 14 (5) 25 (9) 61 (21)

* Other conditions included aplastic anema (15), diabetes mellitus (10), non-AIDS-related immunodeficiencies (4), and a diverse group of general medical
conditions (32).

† Includes infection due to the dematiaceous molds Pseudallescheria boydii (2), Bipolaris hawaiiensis (1), and Dactylaria gallopava (1) and the hyaline mold
Trichoderma species (1).

‡ Other infections include those due to Trichosporon species, Saccharomyces cerevisiae, and Prototheca wickerhamii.

Table 2. Prior cumulative amphotericin B dose ranges as related to specific fungal infections.

No. (%) of cases with indicated dose range (mg/kg)

Fungal pathogens, infection n õ5 5 to õ7.5 7.5–15 ú15 Unknown amount None

Filamentous fungi 170 29 (17) 17 (10) 44 (26) 71 (42)* 7 (4) 2 (1)
Aspergillosis 130 21 (16) 9 (7) 38 (29) 58 (45) 2 (2) 2 (2)
Zygomycosis 24 6 (25) 5 (21) 3 (13) 8 (33) 2 (8) . . .
Fusariosis 11 2 (18) 1 (9) 2 (18) 5 (45) 1 (9) . . .
Phaeohyphomycosis and

hyalohyphomycosis† 5 . . . 2 (40) 1 (20) . . . 2 (40) . . .
Yeasts 105 30 (29) 12 (11) 17 (16) 26 (25)* 20 (19) . . .

Candidiasis 91 28 (31) 10 (11) 13 (14) 24 (26) 16 (18) . . .
Cryptococcosis 11 2 (18) 2 (18) 3 (27) 2 (18) 2 (18) . . .
Other‡ 3 . . . . . . 1 (33) . . . 2 (67) . . .

Dimorphic fungi 15 4 (27) 1 (7) 4 (27) 4 (27) 2 (13) . . .
Histoplasmosis 8 2 (25) 1 (13) 2 (25) 1 (13) 2 (25) . . .
Coccidioidomycosis 4 . . . . . . 1 (25) 3 (75) . . . . . .
Blastomycosis 2 1 (50) . . . 1 (50) . . . . . . . . .
Sporotrichosis 1 1 (100) . . . . . . . . . . . . . . .

Aspergillosis and candidiasis 1 . . . . . . . . . 1 (100) . . . . . .
Total 291 63 (22) 30 (10) 65 (22) 102 (35) 29 (10) 2 (1)

* Proportions of patients who received ú15 mg/kg of amphotericin B in prior therapy: 42% (filamentous fungi) vs. 25% (yeasts); P Å .004 (Fisher’s exact
test).

† Includes infection due to the dematiaceous molds Pseudallescheria boydii (2), Bipolaris hawaiiensis (1), and Dactylaria gallopava (1) and the hyaline mold
Trichoderma species (1).

‡ Other infections include those due to Trichosporon species, Saccharomyces cerevisiae, and Prototheca wickerhamii.
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Table 3. Prior cumulative amphotericin B dose ranges as related to reason for enrollment of cases in a study of ABLC for invasive fungal
infections.

No. (%) of cases with indicated dose range (mg/kg)

Reason for enrollment n õ5 5 to õ7.5 7.5–15 ú15 Unknown amount None

Intolerance* 140 52 (37) 23 (16) 24 (17) 23 (16)† 16 (11) 2 (1)
Progressive infection‡ 151 11 (7) 7 (5) 40 (26) 80 (53)† 13 (9) . . .

NOTE. ABLC Å amphotericin B lipid complex.
* Defined as toxicity related to previous antifungal therapy or preexisting renal insufficiency (serum creatinine level, §2.5 mg/dL).
† Proportions of patients who received ú15 mg/kg of amphotericin B in prior therapy: 16% (intolerance) vs. 53% (progressive infection); P õ .001 (Fisher’s

exact test).
‡ Defined as failure of therapy with conventional amphotericin B or other antifungal medication(s).

comparison with baseline levels by the third week and continu- apy, the mean serum creatinine values decreased significantly
from the first week through the sixth week (P £ .0003) (figureing through the sixth week (P õ .02) (figure 1).

As patients stop treatment for one reason or another, the 3). The linear regression line plotting serum creatinine values
at the beginning and end of therapy with 95% confidence inter-numbers available for comparison of changes in levels of serum

creatinine from baseline to any given time point change. There- vals for this population fell below the 45-degree line of identity,
demonstrating significant improvement in renal function for thefore, at all time points, the baseline and mean weekly serum

creatinine values are presented in the figures only for the cohort patient population receiving ABLC therapy who had previous
amphotericin B-induced nephrotoxicity or who had preexistingat that time point, that is, comparing each patient’s serum

creatinine value at each week against their own baseline value. renal impairment (figure 4). These patterns of improving renal
function during therapy with ABLC were similar for all patientThis allows a valid estimate of the change in mean serum

creatinine over time and ensures that the observed improvement risk groups.
Three hundred ninety-six (71%) of patients had either stablein renal function is not due to the withdrawal of patients with

rising serum creatinine levels. (51%) or improved (21%) serum creatinine levels by the end of
therapy. One hundred thirty-two patients (24%) developed anThe trend of improving renal function is confirmed by a

scatter plot of serum creatinine values at baseline and at the increase in serum creatinine level from baseline to the end of
therapy; for 63 patients the serum creatinine level increased fromend of therapy for all patients (figure 2). This scatter plot shows

a linear regression line with 95% confidence intervals that fall a normal value (£1.5 mg/dL) to a high value (ú1.5 mg/dL), and
for 69 patients the level increased ú20% from a baseline valuebelow the line of identity and indicate a significant decline in

serum creatinine values and improvement in renal function for ofú1.5 mg/dL. Twenty-eight patients (5%) did not have sufficient
serum creatinine values recorded by which to evaluate trends.patients receiving ABLC therapy.

Among 162 patients with elevated baseline serum creatinine Renal tubular toxicity was assessed by serial serum potas-
sium and magnesium levels. Hypokalemia (serum potassiumvalues (§2.5 mg/dL [221 mmol/L]) at the start of ABLC ther-

Figure 1. Changes in mean se-
rum creatinine levels during treat-
ment with amphotericin B lipid
complex (ABLC) in 555 cases of
invasive fungal infection; in 540,
treatment was for at least 1 week.
The figure depicts mean serum cre-
atinine values ({SEM [vertical
bars]) for all patients over time,
from baseline to week 6. In com-
parison with baseline values, the
mean serum creatinine values were
significantly reduced (P £ .018)
during weeks 3, 4, 5, and 6.
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in 142 (33%), including 34 (8%) with initially normal values.
The mean serum bilirubin value increased overall from a base-
line of 4.66 { 0.41 mg/dL to 6.59 { 0.53 mg/dL at the end
of therapy (P Å .0001) (table 4). Levels of alanine aminotrans-
ferase remained stable or declined in 75% (261) of 348 evalu-
able cases and increased by the end of treatment in 87 (25%),
including 55 cases (16%) with initially normal values. The
mean serum alanine aminotransferase level was not signifi-
cantly changed at the end of therapy (table 4).

Analysis of Antifungal Efficacy

Overall response rates. The overall response rate, includ-
ing complete and partial responses, for all 291 evaluable fungal
infections was 57.4% (95% CI, 51%–63%; 25% complete re-
sponses and 32% partial responses). Table 5 describes the effi-
cacy of ABLC in different types of invasive fungal infections.
The response rate for infections caused by filamentous fungi
was 48% (82 of 170; 95% CI, 41%–56%). Complete or partial
responses were achieved in 42% of the cases of aspergillosis
(55 of 130), 71% of zygomycosis (17 of 24), and 82% of
fusariosis (9 of 11).Figure 2. Scatter plot showing changes in serum creatinine levels

The overall response rate for patients with yeast infectionsfrom initiation (baseline) to conclusion of ABLC therapy in all pa-
tients (n Å 540). Each point represents baseline (x axis) and end-of- was 70% (74 of 105; 95% CI, 61%–79%), including 65 (71%)
treatment (y axis) serum creatinine values for a single patient. The line of 91 cases of candidiasis and 7 (64%) of 11 cases of cryptococ-
of identity represents the same beginning and ending serum creatinine

cosis; the three remaining cases were infections due to Tri-values. The scatter plot includes a linear regression line with 95%
chosporon species, Saccharomyces cerevisiae, and Protothecaconfidence intervals (dashed lines), which fall below the line of iden-
wickerhamii. This response rate was similar to the 73% overalltity and indicate the tendency for serum creatinine values to decline

and kidney function to improve in patients receiving ABLC therapy. response rate observed among 15 cases of mycoses due to
dimorphic fungi. However, the overall response rate for myco-
ses due to yeasts was significantly greater than for those due
to filamentous fungi (70% [74 of 105] vs. 48% [82 of 170];concentration of õ3 mEq/L) developed in 4.6% (24 of 518).

Hypomagnesemia (serum magnesium concentration of õ1.5 P Å .0004). The overall response rate among mycoses due to
dimorphic fungi also demonstrated a trend toward a greatermEq/L or õ0.75 mmol/L) developed in 18% (65 of 369).

Among 426 evaluable cases, serum bilirubin levels were response in comparison with that for mycoses due to filamen-
tous fungi (73% [11 of 15] vs. 48% [82 of 170]; P Å .104).stable or declined in 284 (67%) and rose during ABLC therapy

Figure 3. Changes in mean se-
rum creatinine levels during treat-
ment with ABLC in patients with
preexisting renal impairment
(baseline serum creatinine value of
§2.5 mg/dL [221 mmol/L]). The
figure depicts mean serum creati-
nine values ({SEM [vertical
bars]) for patients over time, from
baseline to week 6 (n Å 162, of
whom 155 were treated for at least
1 week). In comparison with base-
line values, the mean serum creati-
nine values were significantly re-
duced from week 1 (P õ .0001)
through week 6 (P Å .0002) of
ABLC therapy.
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cases of phaeohyphomycosis due to Pseudallescheria boydii
(2), Bipolaris hawaiiensis (1), or Dactylaria gallopava (1) and
1 case of hyalohyphomycosis due to Trichoderma species were
treated with ABLC. The infection due to B. hawaiiensis re-
sponded completely, while those due to P. boydii, D. gallopava,
and Trichoderma species failed to respond.

Infections due to Candida species, Cryptococcus neo-
formans, and other yeasts. The response rate for patients with
candidiasis (n Å 91) was 71% (table 7). Responses were
achieved in 67% of cases of disseminated candidiasis
(n Å 42), 75% of fungemia (n Å 20), and 76% of single organ
candidiasis (n Å 29). No differences in therapeutic response
were observed in cases of candidiasis as a function of different
species of Candida. Among the 11 cases of cryptococcosis, of
which 6 were CNS and 5 were non-CNS infections, the re-
sponse rates in each group were 50% and 80%, respectively.

Efficacy and underlying condition. The overall response
rate in this study varied in relation to the primary underlying
condition. Table 8 summarizes response rates according to un-
derlying conditions. Among the highest response rates were
those observed among patients with hematologic malignancies
(62%; 48 of 78) and those with solid tumors (64%; 9 of 14);

Figure 4. Scatter plot showing changes in serum creatinine levels
these response rates differed significantly from those for pa-from initiation (baseline) to conclusion of ABLC therapy in the 162
tients with bone marrow transplants (41%; 24 of 59) and AIDSpatients with preexisting renal disease (baseline serum creatinine

value of §2.5 mg/dL [221 mmol/L]). Each point represents baseline (28%; 7 of 25) (P Å .0015). These latter two subgroups had
(x axis) and end-of-treatment (y axis) serum creatinine values for a the lowest overall response rates.
single patient. The line of identity represents the same beginning and Efficacy and reason for enrollment. Antifungal efficacy
ending serum creatinine values. The scatter plot includes a linear

also was analyzed as a function of the reason for enrollmentregression line with 95% confidence intervals (dashed lines), which
(table 9). A response was observed in 64% (89) of 140 casesfall below the line of identity and indicate the tendency for serum

creatinine values to decline and kidney function to improve in patients enrolled because of toxicity related to previous antifungal or
receiving ABLC therapy whose baseline serum creatinine values were other therapy or because of extant renal insufficiency contrain-
§2.5 mg/dL.

dicating the use of amphotericin B; in comparison, the rate

Infections due to filamentous fungi. The responses to dif-
ferent patterns of invasive aspergillosis are summarized in table Table 4. Comparison of mean laboratory values at initiation (base-

line) and end of therapy with ABLC for invasive fungal infection.6. Complete or partial responses were achieved in 42% of
aspergillosis cases (n Å 130). Among the different patterns of

Mean ({SEM) valueinvasive aspergillosis, the response rate was greatest for single-
organ extrapulmonary aspergillosis (67%) and for sinus asper- Laboratory test Baseline End of therapy P value*
gillosis (64%), followed by pulmonary aspergillosis (38%), and

Serum creatinine (mg/dL) 2.11 (0.06) 2.10 (0.06) .8791disseminated aspergillosis (30%). The response rate in cases of
Urea nitrogen (mg/dL) 54.8 (1.92) 60.1 (2.07) .0010single-organ extrapulmonary aspergillosis showed a significant
Potassium (mEq/L) 4.03 (0.04) 4.13 (0.04) .0401trend toward a more favorable response than in cases of dissem-
Magnesium (mEq/L) 1.62 (0.02) 1.68 (0.02) .0306

inated aspergillosis (10 of 15 cases [67%] vs. 8 of 27 [30%]; Total bilirubin (mg/dL) 4.66 (0.41) 6.59 (0.53) .0001
P Å .027). There also was a tendency toward a more favorable Aspartate aminotransferase

(IU/L) 67.8 (11.8) 147 (70.8) .2673response in cases of sinus aspergillosis (64%) than in cases of
Alanine aminotransferasepulmonary aspergillosis (38%).

(IU/L) 73.8 (9.34) 76.2 (11.7) .8681The response in 17 (71%) of 24 cases of zygomycosis evalu-
Alkaline phosphatase (IU/L) 273 (12.8) 320 (16.8) .0015

able for antifungal efficacy of ABLC was found to be complete Absolute neutrophil count
or partial. The responses of sinus, pulmonary, and disseminated (/mm3)† 5,666 (353.7) 5,257 (309.8) .1912

Hemoglobin (g/dL) 9.68 (0.08) 9.65 (0.07) .7506zygomycosis were similar.
Among the 11 cases of fusariosis, including those with dis-

* Paired t-test.
seminated, sinus, pulmonary, and single organ involvement, † Of 556 patients, 134 (24%) were neutropenic (absolute neutrophil count

of õ500/mm3) at baseline.nine (82%) had a complete or partial response to ABLC. Four
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Table 5. Relationship between efficacy of ABLC and type of invasive fungal infection.

Classification of response*

Fungal pathogens, infection n Complete or partial Complete Partial Stable Failure

Filamentous fungi 170 82 (48) [45] 37 (22) 45 (26) 16 (9) 72 (42)
Aspergillosis 130 55 (42) [40] 22 (17) 33 (25) 16 (12) 59 (45)
Zygomycosis 24 17 (71) [70] 9 (38) 8 (33) 0 7 (29)
Fusariosis 11 9 (82) [82] 5 (45) 4 (36) 0 2 (18)
Phaeohyphomycosis and hyalohyphomycosis† 5 1 (20) [20] 1 (20) 0 0 4 (80)

Yeasts 105 74 (70) [64] 36 (34) 38 (36) 4 (4) 27 (26)
Candidasis 91 65 (71) [65] 33 (36) 32 (35) 4 (4) 22 (24)
Cryptococcosis 11 7 (64) [56] 3 (27) 4 (36) 0 4 (36)
Other‡ 3 2 (67) [67] 0 2 (67) 0 1 (33)

Dimorphic fungi 15 11 (73) [74] 1 (7) 10 (67) 0 4 (27)
Histoplasmosis 8 4 (50) [58] 1 (13) 3 (38) 0 4 (50)
Coccidioidomycosis 4 4 (100) [100] 0 4 (100) 0 0
Blastomycosis 2 2 (100) [100] 0 2 (100) 0 0
Sporotrichosis 1 1 (100) [100] 0 1 (100) 0 0

Aspergillosis and candidiasis 1 0 0 0 0 1 (100)
Total 291 167 (57) [54] 74 (25) 93 (32) 20 (7) 104 (36)

* Data shown are numbers (%) of infections; efficacy response rates for the intent-to-treat population (n Å 433) are indicated in the brackets.
† Includes infection due to the dematiaceous molds Pseudallescheria boydii (2), Bipolaris hawaiiensis (1), and Dactylaria gallopava (1) and the hyaline mold

Trichoderma species (1).
‡ Other infections include those due to Trichosporon species, Saccharomyces cerevisiae, and Prototheca wickerhamii.

was 52% (78 of 151) for cases enrolled because of progressive 22 days (range, 1–510 days; mean, 33 days). The median
cumulative dose was 89 mg/kg, with cumulative doses ranginginfections (P Å .044).

Duration of therapy. Duration of therapy was analyzed for from 18 mg to 62,100 mg (1 mg/kg to 1,089 mg/kg). ABLC
was administered at a median daily dose of 4.91 mg/kg.the entire population. Therapy with ABLC lasted a median of

Table 6. Relationship between efficacy of ABLC and patterns of infection due to filamentous fungi.

No. (%) of infections with indicated response

Fungal infection n Complete or partial Complete Partial Stable Failure

Aspergillosis
Pulmonary 74 28 (38) 7 (9) 21 (28) 12 (16) 34 (46)
Disseminated 27 8 (30) 4 (15) 4 (15) 3 (11) 16 (59)
Sinus 14 9 (64)* 5 (36) 4 (29) 1 (7) 4 (29)
Single-organ extrapulmonary 15 10 (67)* 6 (40) 4 (27) 0 5 (33)

Zygomycosis
Pulmonary 14 10 (71) 4 (29) 6 (43) 0 4 (29)
Disseminated 1 1 (100) 1 (100) 0 0 0
Sinus 6 4 (67)* 3 (50) 1 (17) 0 2 (33)
Single-organ extrapulmonary 3 2 (67)* 1 (33) 1 (33) 0 1 (33)

Fusariosis
Pulmonary 2 1 (50) 0 1 (50) 0 1 (50)
Disseminated 5 4 (80) 3 (60) 1 (20) 0 1 (20)
Sinus 2 2 (100)* 1 (50) 1 (50) 0 0
Single-organ extrapulmonary 2 2 (100)* 1 (50) 1 (50) 0 0

Phaeohyphomycosis or hyalohyphomycosis†

Pulmonary 2 0 0 0 0 2 (100)
Disseminated 3 1 (33) 1 (33) 0 0 2 (67)

Total 170 82 (48) 37 (22) 45 (26) 16 (9) 72 (42)

* Some patients in the identified subsets had surgical debridement: aspergillosis (sinus, n Å 5; single-organ extrapulmonary, n Å 1) and zygomycosis (sinus,
n Å 2; single-organ extrapulmonary, n Å 1).

† Includes infection due to the dematiaceous molds Pseudallescheria boydii (2), Bipolaris hawaiiensis (1), and Dactylaria gallopava (1) and the hyaline mold
Trichoderma species (1).
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Table 7. Relationship between efficacy of ABLC and patterns of invasive candidiasis and cryptococcosis.

No. (%) of infections with indicated response

Fungal infection n Complete or partial Complete Partial Stable Failure

Candidiasis
Disseminated 42 28 (67) 14 (33) 14 (33) 3 (7) 11 (26)
Single organ 29 22 (76) 8 (28) 14 (48) 1 (3) 6 (21)
Fungemia 20 15 (75) 11 (55) 4 (20) 0 5 (25)

Cryptococcosis
CNS cryptococcosis 6 3 (50) 1 (17) 2 (33) 0 3 (50)
Non-CNS cryptococcosis* 5 4 (80) 2 (40) 2 (40) 0 1 (20)

* Includes disseminated cryptococcosis (one patient each, complete and partial response) and pulmonary cryptococcosis (one patient each, complete, partial,
and failed response).

The most common reason for discontinuation of therapy was tion for understanding the safety and efficacy of ABLC in the
treatment of patients who are intolerant of or refractory tocompletion of treatment (187 of 556 cases; 34%) (table 10).

The patient’s death ended therapy in 175 cases (31%). The conventional antifungal therapy.
most common causes of death among these 175 patients were Preclinical studies demonstrated that ABLC was as effective
progression of fungal infection in 47% (n Å 83) and progres- as (or more effective) and less toxic than conventional amphoteri-
sion of underlying diseases in 30% (n Å 53). Treatment was cin B in animal models of candidiasis, aspergillosis, cryptococco-
terminated because of adverse events attributable or possibly sis, histoplasmosis, and blastomycosis [12–17]. These results
attributable to ABLC in 49 (9%) of all 556 cases. formed the experimental foundation for initiation of human clini-

cal trials, which included an open-label study for the treatment
of patients with invasive fungal infections who were intolerant of

Discussion or refractory to conventional antifungal therapy. The use of ABLC
in this setting served an important role in many patients for whomThis large clinical trial demonstrated a significant improve-
the continuation of amphotericin B therapy would have resultedment in renal function following the initiation of therapy with
in further progressive renal deterioration or in whom standardABLC, particularly in patients with amphotericin B–induced
antifungal chemotherapy appeared to be failing.nephrotoxicity or primary renal dysfunction. Among patients

As most patients were receiving amphotericin B, suitablewith mycologically confirmed infection, responses were ob-
alternatives for treatment of aggressive invasive mycoses, par-served in those with aspergillosis, zygomycosis, fusariosis,
ticularly filamentous fungal infections, were not available. Thephaeohyphomycosis, hyalohyphomycosis, disseminated candi-
lack of significant antimicrobial activity of fluconazole againstdiasis, cryptococcosis, and infections due to dimorphic fungi.
many filamentous fungal infections and the lack of reliable oralResponse rates varied as a function of the type of infection,
bioavailability of itraconazole precluded their use for thesethe underlying host condition, the pattern of infection, and the
critically ill patients requiring parenteral antifungal therapy.reason for enrollment (intolerance vs. progressive infection).
Thus, ABLC was utilized in such settings where there wereThese findings are from the largest series of cases treated with

ABLC described in the current literature and provide a founda- few or no other therapeutic alternatives.

Table 8. Relationship between efficacy of ABLC and primary underlying condition.

No. (%) of cases with indicated response

Primary underlying condition n Complete or partial Complete Partial Stable Failure

Hematologic malignancy 78 48 (62) 14 (18) 34 (44) 7 (9) 23 (29)
Bone marrow transplant 59 24 (41) 14 (24) 10 (17) 4 (7) 31 (53)

Allogeneic 46 16 (35) 8 (17) 8 (17) 4 (9) 26 (57)
Autologous 13 8 (62) 6 (46) 2 (15) 0 5 (38)

Organ transplant 54 31 (57) 16 (30) 15 (28) 7 (13) 16 (30)
AIDS 25 7 (28) 1 (4) 6 (24) 1 (4) 17 (68)
Solid tumor 14 9 (64) 4 (29) 5 (36) 0 5 (36)
Other 61 48 (79) 25 (41) 23 (38) 1 (2) 12 (20)

Total 291 167 (57) 74 (25) 93 (32) 20 (7) 104 (36)
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Table 9. Relationship between antifungal efficacy and reason for enrollment.

No. (%) of cases with indicated response

Reason for enrollment n Complete or partial Complete Partial Stable Failure

Intolerance* 140 89 (64)† 41 (29) 48 (34) 9 (6) 42 (30)
Progressive infection‡ 151 78 (52)† 33 (22) 45 (30) 11 (7) 62 (41)

* Defined as toxicity related to previous antifungal therapy or preexisting renal insufficiency (serum creatinine level, §2.5 mg/dL).
† P Å .044 (intolerance vs. progressive infection).
‡ Defined as failure of conventional amphotericin B or other antifungal medications.

The specific types of invasive fungal infections in this study infections, the majority of cases of cryptococcosis occurred in
patients with AIDS and those with solid organ transplants, indeveloped predictably along lines of underlying deficits of host

defenses. For example, filamentous fungal infections, espe- whom impairment of cell-mediated immunity would be ex-
pected to be greatest.cially aspergillosis and fusariosis, tended to predominate in

patients with quantitative or qualitative defects in phagocytic Approximately one-half of the patients were enrolled be-
cause of renal insufficiency related to amphotericin B or be-cells, hematologic malignancies, or bone marrow transplants

[18–21]. By comparison, the endemic mycoses, such as histo- cause of primary renal impairment. Initiation or continuation
of the administration of conventional amphotericin B to suchplasmosis and coccidioidomycosis, tended to predominate in

patients undergoing solid organ transplantation, those with patients would be expected to result in sustained or progressive
azotemia during the course of therapy [3]. However, renalsolid tumors, and those with AIDS, in which impairment of

cell-mediated immunity is the major immunodeficiency. function in the overall population receiving ABLC continued
to significantly improve and then stabilized over the course ofNotably, candidiasis tended to be equally distributed among

those patients with phagocytic disorders (e.g., neutropenia) and 6 weeks, as illustrated in figure 1.
That the linear regression line with narrow 95% confidencethose with impaired cellular immunity. This finding is consis-

intervals of figure 2 falls below the line of identity also reflectstent with the multifactorial conditions under which candidiasis
the improvement of renal function during the course of ABLC inmay develop in both neutropenic and nonneutropenic patients
the overall study population. The individual points depicted in[22–24]. In a pattern similar to that of the dimorphic fungal
the graph of figure 2 overlap extensively, giving the appearance
of fewer points contributing to the curve than the total of 556
actually represented in the data. Moreover, the curve also indicatesTable 10. Reasons for discontinuation of therapy with ABLC.
that while renal function improved in the majority of the popula-
tion during therapy, points that are above the line of identityNo. (%) of cases

indicate that clearly some patients had further renal deterioration.
Reason for discontinuation Total (n Å 556) Evaluable (n Å 291) Whether this renal deterioration was due to ABLC, administration

of concomitant nephrotoxic agents, or other factors such as septic
Treatment complete 187 (34) 115 (40)

shock cannot be construed from these data.Patient died 175 (31) 84 (29)
Several additional features of this curve bear note. First, theAdverse event 49 (9) 29 (10)

Fungal infection progressed 30 (5) 17 (6) intersection of the linear regression line and the line of identity
Patient’s decision 26 (5) 9 (3) occurs at a serum creatinine baseline value of Ç2 mg/dL and
Investigator’s decision 17 (3) 8 (3) an end-of-treatment value of 2.0 mg/dL. This intersection sug-
Administrative reason 12 (2) 6 (2)

gests that patients who benefit most from ABLC have someNo fungal infection 10 (2) 3 (1)
element of preexisting renal insufficiency, i.e., the serum creati-Patient required other antifungal 4 (1) 1 (õ1)

Other 46 (8) 19 (7) nine value will likely improve (from baseline) by the end of
Poor prognosis 17 (3) 7 (2) therapy if the serum creatinine is ú2.0 mg/dL at initiation of
Toxicity* 11 (2) 3 (1) ABLC therapy. By comparison, the linear regression line at
Switch to another antifungal 5 (1) 2 (1) õ2.0 mg/dL suggests that patients with a serum creatinine
Request of family 4 (1) 3 (1)

level of õ2.0 mg/dL may have a slight net increase in serumPatient discharged or
creatinine level; however, the magnitude of this increase ap-transferred 4 (1) 1 (õ1)

Development of an infection 3 (1) 1 (õ1) pears to be only Ç0.1 mg/dL.
Neutrophil count recovering 1 (õ1) 1 (õ1) Improvement of renal function in patients with preexisting
Requirement for antiviral

renal insufficiency during administration of ABLC is demon-
therapy 1 (õ1) 1 (õ1)

strated in figures 3 and 4. Following administration of ABLC,
* Toxicity associated with concomitant therapy or underlying condition. there was a significant decline in serum creatinine levels from
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baseline. Notably, the standard error of the mean for each of C. albicans and human erythrocytes. Another possible mecha-
nism is the relatively reduced concentration of ABLC in thethese points is relatively large, suggesting a wide range of

individual responses in terms of improvement or deterioration kidney, relative to the high concentration achieved in the reticu-
loendothelial system [26]. This mechanism alone, however, isof renal function during ABLC treatment.

Nevertheless, improvement or stabilization of renal function not sufficient to explain reduced nephrotoxicity, as ABLC may
accumulate in the kidney over time.during ABLC treatment is the antithesis of the effect expected

from amphotericin B. Patients with serum creatinine levels A third mechanism, proposed by Janoff et al. [9–11], im-
putes the selective degradation of the lipid complex by fungal-starting at §2.5 mg/dL were more likely to have significant

improvement of renal function (figure 4). Fewer points appear derived phospholipases and lipases, which then release ampho-
tericin B directly onto the fungal cells. Such lipases and phos-in this curve as a result of multiple overlapping points. In

comparison to that in figure 2, the linear regression line of pholipases are not normally secreted by glomerular cells or
renal tubular epithelial cells. A fourth mechanism, proposedfigure 4 has slightly wider 95% confidence intervals that en-

compass the line of identity. These 95% confidence intervals by Lopez-Berestein and colleagues, is the preferential binding
of lipid-complexed amphotericin B to high-density lipopro-include the line of identity at a baseline serum creatinine value

of £2.5 mg/dL. However, since all of these patients by defini- teins, in comparison with conventional amphotericin B, which
is bound to low-density lipoproteins [27].tion had serum creatinine values §2.5 mg/dL, the relevant

portion of the curve remains entirely significant at or below Further corroborating the reduced nephrotoxicity of ABLC,
Anaissie et al. investigated the efficacy of ABLC in treatmentthe line of identity for serum creatinine values §2.5 mg/dL.

As previously mentioned, the curve demonstrates that those of candidemia and disseminated candidiasis in a randomized,
multicenter trial comparing ABLC and amphotericin B [28].individual points appearing above the line of identity reflect

patients who have developed progressive renal impairment, One hundred ninety-four patients with candidemia (129 treated
with ABLC and 65 with amphotericin B) were enrolled in thiswhile those points below the line of identity represent those

patients who had improvement in renal function. Thus, while study in a 2:1 randomization. Patients received either 5.0
mg/(kgrd) of ABLC or 0.6–1.0 mg/(kgrd) of amphotericinsome patients receiving ABLC may develop worsening renal

function, the overall trend demonstrates that renal function in B. Baseline characteristics of both groups were similar.
The overall success rates were similar (80% for ABLC-patients with baseline renal insufficiency is more likely to im-

prove during ABLC therapy. treated patients and 71% for amphotericin B–treated patients).
The percentage of patients reporting nonrenal adverse eventsDespite the clear chronological trends in amelioration of

elevated baseline serum creatinine levels in the study popula- in both groups was similar; however, ABLC was significantly
less nephrotoxic than amphotericin B. Baseline serum creati-tion, there was a slight but significant elevation in BUN values

(table 4). While ABLC is the most plausible cause of this nine values doubled for 49% of patients treated with amphoteri-
cin B, vs. 28% of those treated with ABLC (P Å .006).trend in elevated BUN levels, there may be little physiological

significance of a mean 9% increase in BUN values above an Assessment of the trends of liver function tests showed that
there was an increase in total bilirubin values from 4.66 { 0.4elevated baseline. Other factors, including prerenal azotemia,

concomitant treatment with nephrotoxic agents or corticoste- mg/dL to 6.59 { 0.53 mg/dL (P Å .0001). The contribution,
if any, of ABLC to this elevation of serum bilirubin levelsroids, and gastrointestinal bleeding, may also contribute to this

elevation. remains uncertain, and its causes are probably multifactorial.
The baseline hyperbilirubinemia is a reflection of the criticallyNephrotoxicity is the most significant adverse reaction asso-

ciated with amphotericin B therapy and is usually the factor ill nature of many of these patients enrolled in the study. A
concomitant elevation of serum alkaline phosphatase level fromthat prevents administration of maximally effective therapy.

More than 80% of patients treated with amphotericin B develop a mean of 273 { 13 IU/L to 320 { 17 IU/L also coincides
with the rise in bilirubin level. Concurrent conditions such assome degree of renal impairment [3]. Patients who receive a

cumulative dose of more than 0.5–1.0 g of amphotericin B sepsis, graft-vs.-host disease, veno-occlusive disease, and end-
organ damage from cytotoxic chemotherapy likely contributeare particularly at risk for renal tubular acidosis. Risk factors

associated with amphotericin B–induced renal toxicity include to this elevation of bilirubin during the course of therapy.
The overall rate of response to ABLC in this study was 57%,total doses of ú4 g, sodium depletion, age of ú30 years, and

concomitant therapy with other nephrotoxic drugs. including complete and partial responses. These findings are
consistent with the critically ill condition of these patients atSeveral mechanisms have been proposed as explanations

for the reduced nephrotoxicity of ABLC. The first mechanism enrollment, as they were either intolerant of or refractory to
existing antifungal therapy. The response of invasive fungalrelates to the observations by Mehta et al. [25], who described

the lipid-mediated selective transfer of ABLC to fungal cell infections to treatment is clearly related to several factors, in-
cluding underlying disease, reason for enrollment (i.e., intoler-membranes and away from mammalian cell membranes, with

preferential cytotoxicity for Candida albicans and reduced cy- ance vs. progressive infection), and pattern of invasive fungal
infection. For example, complete or partial responses occurredtotoxicity for human erythrocytes. This contrasts with conven-

tional amphotericin B, which had cytotoxic effects on both in only 48% of patients with filamentous fungal infections. By
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comparison, response rates among cases of yeast and dimorphic refractory to amphotericin B [39, 40]. Infections due to
D. gallopava are infrequent but also are associated with highfungal infections were substantially better at 70% and 73%,

respectively. attributable mortality [41].
These dematiaceous molds in general may be more respon-While randomized, double-blind controlled trials are the least

confounded means by which to assess antifungal efficacy, the sive to an antifungal triazole such as itraconazole than to a
polyene antifungal such as amphotericin B. Alternatively, arelatively low frequency of some fungal pathogens often pre-

cludes the ability to perform randomized controlled clinical combination of amphotericin B and an antifungal triazole may
be the appropriate therapeutic option in refractory cases. Infec-trials. This is particularly true of the filamentous fungi, such

as Aspergillus and Fusarium species, dematiaceous molds, and tions due to Trichoderma species are unusual [42] but may
respond to amphotericin B.Zygomycetes. Accordingly, data must be interpreted on the

basis of open-label studies. While such data have inherent limi- The 91 cases of candidiasis enrolled in this study were
associated with an overall favorable response rate of 71%tations, they can provide valuable evidence of the clinical utility

of new compounds, particularly when evaluated by expert pan- and a defined failure rate of 24%. These results are notably
quite similar to those of the previously reported randomizedels assessing the clinical courses of individual patients.

The responses of aspergillosis, zygomycosis, and fusariosis trial of amphotericin B vs. ABLC [28]. Such response rates
are clearly greater in cases of candidiasis than in cases ofto ABLC appear to be approximately the same or better than

those in previously reported case series with amphotericin B filamentous fungal infection and may reflect a wide range of
immunocompromised hosts, encompassing those with solidtreatment [18, 20, 21, 29, 30]. Using a case-control analysis,

Hiemenz et al. [31] assessed the response rates of patients with organ transplants, HIV infection, and solid tumors, as well
as those with hematologic malignancies and bone marrowinvasive aspergillosis treated with ABLC in comparison with

rates among historical controls treated with amphotericin B. transplants.
There was a 50% failure rate among patients enrolled withSome of the patients assessed in that review also were analyzed

in this study. The observed responses to ABLC were compara- cryptococcosis with and without CNS involvement, irrespec-
tive of the pattern of infection. The safety and antifungal activ-ble with those to amphotericin B.

Among the mycoses due to filamentous fungi, the rate of ity of ABLC in treatment of CNS cryptococcosis was investi-
gated by Sharkey and colleagues in a cohort of 55 patientsresponse to ABLC was substantially lower in cases of aspergil-

losis than in cases of zygomycosis and fusariosis. While the randomly assigned to 6 weeks of therapy with ABLC (1.2–
5.0 mg/[kgrd]), with ascending dosages for three sequentiallower response rate of aspergillosis might have been predicted

from prior studies, the higher positive response rates of zygo- cohorts, or amphotericin B (0.7–1.2 mg/[kgrd]) [43]. Among
the 21 recipients receiving ABLC in the dosage cohort of 5mycosis (71%) and fusariosis (82%) are greater than those

reported in the literature for similar mycoses. mg/(kgrd) daily for 2 weeks and then thrice weekly for 4
weeks, symptoms and signs resolved for 18 (86%).For example, Boutati and Anaissie reported that fusariosis

carries a dismal prognosis and is typically resistant to conven- These data and those reported in this study (64% positive
response rate) suggest that ABLC has activity against crypto-tional amphotericin B [21]. In the largest reported series of

consecutive patients with invasive fusariosis, only 10 (23%) coccal meningitis in patients with and without HIV infection.
The comparatively lower efficacy rate in this study vs. that inof 43 patients responded to any type of therapy, and the mortal-

ity rate attributable to infection was 67%. That ABLC appears the study by Sharkey et al. may be due to differences in enroll-
ment criteria. Patients in the latter study were enrolled earlier,to have activity against fusariosis may be related to the adminis-

tration of high dosages and attainment of high tissue concentra- at the time of initial diagnosis; in contrast, the study reported
herein required that a patient be intolerant of or refractory totions against this pathogen. These encouraging findings are

important in that there are no FDA-approved alternative agents conventional antifungal therapy.
Response rates also may vary according to the site of infec-to amphotericin B against fusariosis and zygomycosis.

Several individual case reports of fusariosis and zygo- tion in a given mycosis. For example, in table 6, sinus aspergil-
losis and single-organ extrapulmonary aspergillosis had a 64%mycosis responding to ABLC also provide further hope that

ABLC will be an effective modality against these molds [32– and 67% response rate, respectively, as compared with pulmo-
nary and disseminated aspergillosis, with response rates of 38%38]. The potentially beneficial effect of ABLC even on patients

who were unresponsive or intolerant of conventional antifungal and 30%, respectively. This difference is likely related in part
to the host characteristics, tissue burden of organisms, andtherapy suggests an important role for ABLC in managing

these difficult patients. organism-mediated tissue injury in lungs and other vital organs.
Surgical curettage or resection in sinusitis and single organBy comparison, among the five cases of phaeohyphomycosis

and hyalohyphomycosis the response rate was poor, constitut- infection also may have contributed to an improvement in ther-
apeutic response. Among patients who had a complete or partialing the highest failure rate amongst all types of infections.

Among these infections were two due to P. boydii and one response, surgical debridement was performed in nine (31%)
of 29 patients with infection due to filamentous fungi in theeach due to B. hawaiiensis, D. gallopava, and Trichoderma

species. Dematiaceous molds and P. boydii may be particularly sinus or single-organ extrapulmonary sites.
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The response to ABLC in this report was also a function of therapeutic advance by providing a less nephrotoxic alternative
to amphotericin B, particularly when dose-limiting renal im-underlying condition. Table 8 demonstrates a significantly

lower response rate among HIV-infected patients than among pairment precludes further administration of amphotericin B.
The cost of manufacturing lipid formulations of amphoteri-those with other underlying conditions, including hematologic

malignancy, bone marrow transplants, solid organ transplants, cin B is currently high. Consequently, the present use of ABLC
in an era of cost-containment must be targeted at those patientsand solid tumors. Especially notable among patients with AIDS

was the poor response to invasive aspergillosis. This finding for whom the therapeutic benefits outweigh fiscal costs. Such
patients include those who are clearly intolerant of amphoteri-is consistent with those of the Mycoses Study Group, which

found that among the different populations, the response of cin B, those with progressive renal insufficiency, those receiv-
ing concomitant nephrotoxic agents, those for whom azole ther-aspergillosis to itraconazole was lowest in HIV-infected pa-

tients [44]. Several factors may account for this feature: persis- apy is not indicated, and those in whom the risk of renal
insufficiency may result in irreversible loss of renal functiontence of the underlying immunodeficiency; comorbidity; and

combined quantitative and qualitative defects in neutrophils, or marked deterioration of clinical status [49–51].
Randomized, double-blind multicenter trials should be con-monocytes, and macrophages [45, 46].

The bone-marrow-transplant population also had a signifi- sidered the ‘‘gold standard’’ for assessing comparative antifun-
gal efficacy. While the study presented here fulfilled an im-cantly reduced response, compared with the responses associ-

ated with hematologic malignancies and solid organ trans- portant medical need, its design has several limitations. For
example, the participation of multiple centers enrolling individ-plantation. This lower response rate may be related to the

combined factors of neutropenia and profound cell-mediated ual patients precluded prospective collection of radiologic data
and permitted variable approaches toward management of theseimmune impairment, particularly that related to prevention or

treatment of graft-vs.-host disease [47, 48]. Indeed, among critically ill patients. The lack of a control group precludes an
objective comparison with other antifungal compounds.those patients with persistent graft-vs.-host disease, the need

for ongoing immunosuppressive therapy, compounded by the The data presented here are not intended to support the use
of ABLC as first-line treatment. Randomized controlled trialsimmunosuppression induced by graft-vs.-host disease itself,

may contribute to a host response that is poorer than in patients will further determine the utility of ABLC vs. conventional
amphotericin B for primary treatment of invasive fungal infec-with hematologic malignancies and solid organ transplants.

Antifungal efficacy also was influenced by the reason for tions. Instead, these data provide a critical foundation for under-
standing the use of ABLC in treatment of patients with provenenrollment. Patients who had intolerance to amphotericin B

related to renal insufficiency had a significantly higher response invasive fungal infections who are intolerant of or refractory
to conventional antifungal therapy.rate (64%) than did those patients enrolled because of progres-

sive infection (52%). While these differences in responses were
predictable, patients in both populations had complete or partial
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