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Amphotericin B Colloidal Dispersion vs. Amphotericin B as Therapy for Invasive 
Aspergillosis 
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To assess the efficacy and safety of amphotericin B colloidal dispersion (ABCD), 82 patients with 
proven or probable aspergillosis who were treated in clinical trials with ABCD were compared retrospec- 
tively with 261 patients with aspergillosis who were treated with amphotericin B at six cancer or 
transplant centers from January 1990 to June 1994. The groups were balanced in terms of underlying 
disease; ABCD recipients were younger and more likely to have preexisting renal insufficiency than 
were amphotericin B recipients (40.7% vs. 8.7%, respectively), and amphotericin B recipients were 
more likely to be neutropenic at baseline than were ABCD recipients (42.5% vs. 15.9%, respectively). 
Response rates (48.8%) and survival rates (50%) among ABCD-treated patients were higher than 
those (23.4% and 28.4%, respectively) among amphotericin B-treated patients (P < .001 for both 
comparisons). Renal dysfunction developed less frequently in ABCD recipients than in amphotericin 
B recipients (8.2% vs. 43.1%, respectively; P < .001). Multivariate analysis revealed that treatment 
group was the best predictor of response, mortality, and nephrotoxicity (ABCD: relative risk [RR] = 
3.00, P = .002; RR = 0.35, P < .001; and RR = 0.13, P = .001; respectively). This retrospective study 
suggests that in the treatment of aspergillosis ABCD causes fewer nephrotoxic effects than amphotericin 
B and the efficacy of ABCD is at least comparable with that of amphotericin B. 

Intensive cytotoxic and immunosuppressive regimens for the 
treatment of neoplastic disease and organ failure are associated 
with a substantial risk for invasive aspergillosis. The risk of 
death associated with aspergillosis varies by site of infection, 
underlying disease, duration of neutropenia, and definition of 
aspergillosis that is applied, and the mortality rates range from 
55% to 100% [1-4]. 

On the basis of extensive clinical experience and in vitro 
fungicidal activity against Aspergillus species, amphotericin B 
desoxycholate is considered the standard treatment for aspergil- 
losis. However, its use is complicated by acute infusion-related 
toxicity and constitutional and chronic renal toxicities. Despite 
the life-threatening nature of invasive aspergillosis, these ad- 
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verse effects limit the dose and duration of amphotericin B 
therapy in clinical practice. 

Lipid-associated formulations of therapeutic agents have 
been under study since the 1970s [5], and such amphotericin 
B preparations have undergone extensive evaluation. The theo- 
retical appeal of these formulations lies in the ability of the 
parent compound to be captured by the reticuloendothelial sys- 
tem and to be transported to the site of infection. The additional 
capacity to deliver large doses of the parent compound with 
less toxicity in animal models has enhanced the promise of 
lipid-associated amphotericin B products. 

One of these preparations, amphotericin B colloidal dispersion 
(ABCD; Sequus Pharmaceuticals, Menlo Park, CA), is a near 1:1 
molar complex of amphotericin B and sodium cholesteryl sulfate. 
In preclinical studies, doses of ABCD that were five to 10 times 
those of amphotericin B desoxycholate were comparably effica- 
cious and caused fewer nephrotoxic effects [6, 7]. Results from 
uncontrolled clinical trials studying patients with invasive fungal 
infections support the preclinical findings [8, 9]. 

To assess the relative efficacy and renal safety of ABCD as 
treatment of aspergillosis, the case report forms of patients 
with aspergillosis who were treated with ABCD in open-label 
clinical trials were compared retrospectively with the medical 
records of patients with aspergillosis who were treated with 
amphotericin B at six cancer and transplant institutions. 

Methods 

Patients with invasive aspergillosis who received ABCD 
therapy in one of five clinical trials were retrospectively com- 
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Table 1. Study designs of open-label clinical trials evaluating 
ABCD therapy for patients with proven or probable aspergillosis. 

Entry criterion Daily dose of ABCD (mg/kg) 

Unable to tolerate or failure to respond 
to 57 d of amphotericin B 2.0 to 4.0 

Receipt of bone marrow transplant Ascending dose from 0.5 to 8.0 
Renal insufficiency with amphotericin B 4.0 
Renal insufficiency with amphotericin B 6.0 
Failure to respond to > 15 mg/kg of 

amphotericin B 4.0 or 6.0 (randomized) 

NOTE. ABCD = amphotericin B colloidal dispersion (Sequus Pharmaceu- 
ticals, Menlo Park, CA). 

pared with similar patients treated with amphotericin B at six 
cancer and transplant centers where investigators have experi- 
ence caring for patients with this infection. Inclusion criteria 
were diagnosis of proven or probable aspergillosis [10], ab- 
sence of concomitant fungal infection, and treatment with 
ABCD or amphotericin B. 

Definition of Infection 

Proven infection required culture identification of Aspergil- 
lus species or the presence of typical septate hyphae in a biopsy 
specimen from a normally sterile site; probable aspergillus 
infection was confined to an abnormal chest roentgenogram or 
CT and isolation of Aspergillus species from one broncho- 
alveolar lavage fluid specimen or two sputum specimens in the 

appropriate clinical setting. 

ABCD Recipients 

The case report forms of 572 patients enrolled in five open- 
label antifungal trials (table 1) evaluating ABCD from Novem- 
ber 1991 to June 1994 at 42 sites were reviewed. Enrollment 
criteria for these trials included the following: (1) failure of 

fungal infection to respond to amphotericin B treatment, de- 
fined as receipt of at least 15 mg/kg of amphotericin B without 
clinical improvement and extension of existing lesions or de- 

velopment of a new focus of infection or receipt of amphoteri- 
cin B for at least 7 days without clinical improvement and/ 
or microbiological studies remaining positive for fungi; (2) 
nephrotoxicity, defined as doubling of the serum creatinine 
level or an increase of > 1.5 mg/dL from the pretreatment level 

during administration of amphotericin B; (3) preexisting renal 

impairment, defined as a serum creatinine level of ~>2.0 mg/ 
dL; or (4) development of an invasive fungal infection after 
bone marrow transplantation and willingness to participate in 
a dose-escalating trial with ABCD. Informed consent was ob- 
tained from all patients, and protocols were approved by local 
institutional review boards. The dose of ABCD was dictated 

by the clinical trials outlined briefly in table 1. 

Amphotericin B Recipients 

Investigators at six cancer and transplant centers (Memorial 
Sloan Kettering Cancer Center, New York; University of Texas 
M. D. Anderson Cancer Center, Houston; Presbyterian Univer- 
sity Hospital, Pittsburgh; Fred Hutchinson Cancer Research 
Center, Seattle; Emory University, Atlanta; and H. Lee Moffitt 
Cancer Center, Tampa, FL) screened hospital records and au- 
topsy, pathology, microbiology, and clinical laboratory data- 
bases for isolation of Aspergillus or diagnosis of aspergillosis 
between 1 January 1990 and 30 June 1994. A total of 1,204 
patients was identified. Patients with AIDS were excluded, as 
this population was not eligible for clinical trials evaluating 
ABCD. 

Where required, institutional review boards approved retro- 
spective data collection. The mean daily dose of amphotericin 
B (cumulative dose divided by the number of days from start 
to end of therapy) was prescribed by individual physicians and 
represented a spectrum of clinical practice (range, 0.1-1.4 
mg/kg), including empirical antifungal therapy in the setting 
of neutropenia. 

Response Criteria 

A complete response was defined as resolution of all radio- 
graphic evidence of infection and the disappearance of all clini- 
cal signs of aspergillosis. A partial response was defined as 
clinical improvement with partial clearing of infection or stabi- 
lization of findings on relevant radiographic tests. Failure was 
defined as follows: (a) clinical and/or radiographically evident 
worsening after >7 days of therapy; (b) amphotericin B or 
ABCD toxicity leading to premature discontinuation of ther- 
apy; (c) relapse of aspergillosis requiring treatment during the 
follow-up period; or (d) autopsy demonstrating local progres- 
sion or disseminated aspergillosis. A response was defined as 
undetermined if sufficient clinical or radiological information 
at the end of therapy or follow-up was not available. For the 

purposes of calculating response rates, an undetermined re- 

sponse was equivalent to "failure." 
The development of renal toxicity during treatment was de- 

fined as a doubling of the serum creatinine level from the 
baseline level, an increase in the serum creatinine level of at 
least 1 mg/dL, or a 50% decrease in the calculated creatinine 
clearance. Baseline was defined as the first day of ABCD or 

amphotericin B treatment. Mortality rates and follow-up were 
assessed through 120 days after the first dose of ABCD or 

amphotericin B. 

Statistical Analysis 

Patients were evaluable if they received ABCD or amphoter- 
icin B treatment for at least 7 days. In the case of the ABCD 
treatment group, patients were not allowed to receive concur- 
rent systemic antifungal therapy. This therapy was allowed 
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for the amphotericin B treatment group, because combination 
systemic therapy represented treatment practice. Evaluable pa- 
tients were assessed for response, survival, and safety. An in- 
tent-to-treat group of patients included patients with proven 
or probable aspergillosis regardless of length of therapy or 
concomitant medications, and this group was analyzed for sur- 
vival only. 

Most evaluable ABCD recipients received amphotericin B 
therapy in the 30 days before starting ABCD therapy. To assess 
the possible impact of prior amphotericin B therapy in the 
ABCD treatment group, a secondary, post hoc analysis was 
performed. Therapeutic response, mortality, and nephrotoxicity 
were reanalyzed after equalizing the two treatment groups for 
prior amphotericin B exposure. 

The baseline for the amphotericin B treatment group was 
adjusted by the median duration (8 days) of prior amphotericin 
B therapy for the ABCD recipients. Therefore, the analyses 
were performed by using a new baseline for the amphotericin 
B treatment group, which became the day on which the patients 
had received 8 days of amphotericin B treatment. As a conse- 
quence, amphotericin B recipients treated for < 8 days were 
excluded from this secondary analysis, and, as in the main 
analysis, only evaluable amphotericin B-treated patients were 
compared with the evaluable ABCD recipients. 

Therapeutic responses were compared between treatment 
groups by means of the Wilcoxon rank-sum test. Where strati- 
fication was performed, variables were analyzed by using the 
Cochran-Mantel-Haenszel test for row mean scores [11]. Re- 
sponse, mortality, and nephrotoxicity rates between treatment 
groups were compared by using Fisher's exact test. Time-to- 
event analyses, such as time to death and time to renal toxicity, 
were analyzed with the generalized Wilcoxon test. Continuous 
variables were analyzed by either analysis of variance models 
or Student's two-sample test, as appropriate. Categorical vari- 
ables were analyzed by means of either the X2 or Cochran- 
Mantel-Haenszel test for association or row mean scores, re- 

spectively. 
Univariate analysis was used to identify factors that may 

have significantly contributed to therapeutic response and sur- 
vival; subsequently, a stepwise proportional hazards model was 
used to generate a final multivariate model for mortality and 
renal toxicity, and a stepwise logistic regression model was 
used to generate a final model for response. 

Results 

Of 572 patients who received ABCD therapy in clinical 
trials, 198 were treated for suspected aspergillus infection. Of 
these patients, 37 were excluded because of insufficient evi- 
dence of infection (34) or a concurrent fungal infection (three), 
thus leaving 161 patients with proven or probable aspergillosis. 
Eighty-two patients received ABCD therapy for >7 days and 
were evaluable for efficacy and safety. Reasons for ABCD 
therapy for these patients were failure to respond to amphoteri- 

cin B therapy (19 patients [23%]), nephrotoxic effects during 
amphotericin B therapy (26 [32%]), preexisting renal impair- 
ment (11 [13%]), and enrollment in a dose-escalating trial (26 
[32%]). 

Of 1,204 potential amphotericin B recipients, 668 were ex- 
cluded because of insufficient evidence of infection; 173, be- 
cause of concurrent fungal infection; and 18, because of both 
reasons. Of the remaining 345 patients, 261 received >7 days 
of therapy and were evaluable. Aspergillus infection in 45 
(17.2%) of these patients was diagnosed at autopsy. The six 
centers providing data for the amphotericin B recipients en- 
rolled 48.8% of the evaluable ABCD recipients. 

Patient Characteristics 

The ABCD and amphotericin B treatment groups were com- 
parable in terms of underlying disease and site of infection 
(table 2). However, the amphotericin B treatment group was 
older (median age, 42 years vs. 38 years, respectively; 
P = .03), had a greater proportion of neutropenic patients 
(42.5% vs. 15.9%, respectively; P < .001), had a lower mean 
serum creatinine level at baseline (1.25 mg/dL vs. 1.95 mg/ 
dL, respectively; P < .001), and had a smaller proportion of 
patients with renal dysfunction at baseline (8.7% vs. 40.7%, 
respectively; P < .001) than did ABCD recipients. The median 
number of days of therapy was similar for the ABCD and 
amphotericin B treatment groups (23.5 days and 22.0 days, 
respectively). The median cumulative doses of amphotericin B 
were 5.92 g (range, 0.37-34.4 g) for ABCD recipients and 
1.06 g (range, 0.15-8.5 g) for amphotericin B recipients. 

Response 

The response rate (the number of patients with complete 
or partial response divided by all evaluable patients; table 3) 
among the ABCD recipients was 48.8% (40 of 82) compared 
with 23.4% (61 of 261) among the amphotericin B recipients 
(P < .001). The response rate among bone marrow transplant 
recipients who received ABCD therapy was 35.9% (14 of 

39) compared with 19.5% (22 of 113) among bone marrow 
transplant recipients who received amphotericin B therapy 
(P = .049). A difference was also noted by bone marrow 
transplant subgroup: 12 (37.5%) of 32 allogeneic transplant 
recipients treated with ABCD responded compared with 18 

(20.9%) of 86 allogeneic transplant recipients treated with 

amphotericin B, and two (28.6%) of seven autologous trans- 

plant recipients treated with ABCD responded compared with 
four (14.8%) of 27 autologous transplant recipients treated 
with amphotericin B. 

Eighteen (75%) of 24 patients with underlying hematologic 
malignancies who were treated with ABCD responded com- 

pared with 16 (18.6%) of 86 patients with underlying hemato- 

logic malignancies who were treated with amphotericin B 
(P < .001). The response rate among patients with pulmonary 
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Table 2. Characteristics of 82 patients with aspergillosis who received ABCD and 261 patients with aspergillosis who received amphotericin B. 

ABCD Amphotericin B P 
Characteristic treatment group treatment group value 

Sex .524 
Male 44 (53.7) 151 (57.9) 
Female 38 (46.3) 110 (42.1) 

Age 
<12 y 6(7.3) 8(3.1) 
13-64 y 71 (86.6) 220 (84.3) 
>64 y 5 (6.1) 33 (12.6) 
Median age in y (range) 38.0 (0-75) 42.0 (1-79) .03 

Site of infection* 

Lung 66 (80.5) 198 (75.9) 
Sinus 8 (9.8) 16 (6.1) 
Other 14 (17.1) 85 (32.6) 

Patients receiving steroid therapyt at baseline 46/80 (57.5) 129/258 (50) .252 
Patients with neutropenia (<500 neutrophils/mm3) at baseline 11/69 (15.9) 88/207 (42.5) <.001 
Patients with renal dysfunctions at baseline 33/81 (40.7) 22/252 (8.7) <.001 

Underlying disorder .307 

Hematologic malignancy 24 (29.3) 86 (33.0) 
Solid tumor 3 (3.7) 20 (7.7) 
Bone marrow transplant 39 (47.5) 113 (43.3) 
Solid organ transplant 10 (12.2) 34 (13.0) 
Other 6 (7.3) 8 (3.0) 

NOTE. The groups were compared retrospectively. Unless stated otherwise, data are no. (%) of patients with characteristic; when the no. of patients for 
whom data are available is less than the total, the denominator is provided. ABCD = amphotericin B colloidal dispersion (Sequus Pharmaceuticals, Menlo Park, 
CA). 

* Lung represents any pulmonary infection; sinus, any sinus infection; and other, other infections or infection at multiple sites, including lung and sinus. 
Therefore, the number of infection sites is greater than the total number of patients. 

t Includes any daily use of systemic corticosteroids except as premedication (>100 mg of hydrocortisone) for ABCD or amphotericin B. 
Defined as a serum creatinine level of t>2.0 mg/dL. 

aspergillosis who were treated with ABCD was 48.5% (32 of 
66) compared with 24.2% (48 of 198) among patients with 

pulmonary aspergillosis who received amphotericin B therapy 
(P < .001). The response rate among patients with sinus infec- 

tion who were treated with ABCD was 50% (four of eight) 
compared with 18.8% (three of 16) among patients with sinus 
infection who were treated with amphotericin B (P = .167; 
data not shown). 

Table 3. Response rates by underlying disease in patients with aspergillosis who received ABCD and patients with aspergillosis who received 

amphotericin B. 

No. (%) of patients with underlying disease 

Treatment Hematologic Solid Bone marrow Solid organ 
group, response malignancy tumor transplant transplant Other* Total 

ABCDT 

Complete 4 (16.7) 0 5 (12.8) 0 1 (16.7) 10 (12.2) 
Partial 14 (58.3) 1 (33.3) 9 (23.1) 4 (40.0) 2 (33.3) 30 (36.6) 
Failed 4 (16.7) 2 (66.7) 21 (53.8) 5 (50.0) 3 (50.0) 35 (42.7) 
Undetermined 2 (8.3) 0 4 (10.3) 1 (10.0) 0 7 (8.5) 

Amphotericin B1 

Complete 8 (9.3) 3 (15.0) 10 (8.9) 2 (5.9) 0 23 (8.8) 
Partial 8 (9.3) 8 (40.0) 12 (10.6) 6 (17.7) 4 (50.0) 38 (14.6) 
Failed 64 (74.4) 8 (40.0) 84 (74.3) 25 (73.5) 3 (37.5) 184 (70.5) 
Undetermined 6 (7.0) 1 (5.0) 7 (6.2) 1 (2.9) 1 (12.5) 16 (6.1) 

NOTE. ABCD = amphotericin B colloidal dispersion (Sequus Pharmaceuticals, Menlo Park, CA). 
* Does not include AIDS. 

See text for definition of responses. 
P value for difference in response between ABCD and amphotericin B treatment groups (Cochran-Mantel-Haenszel test for row mean scores, controlling for 

underlying disease) was <.001. 
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The response rates among ABCD recipients with neutropenia 
(absolute neutrophil count, <500/mm3) at baseline but whose 
conditions improved by the end of treatment were higher than 
those among ABCD recipients with persistent neutropenia 
(71.4% [five of seven] vs. zero [zero of three], respectively). 
Similarly, the response rates among amphotericin B recipients 
who were neutropenic at baseline but whose conditions im- 

proved by the end of treatment were higher than those among 
amphotericin B recipients with persistent neutropenia (31.6% 
[12 of 38] vs. 4.7% [two of 43], respectively). One ABCD 

recipient and 10 amphotericin B recipients were neutropenic 
at the end of treatment but not at baseline; none of these 11 

patients responded. Twenty-three (52.3%) of 44 ABCD recipi- 
ents who were never neutropenic during treatment responded 
compared with 30 (29.4%) of 102 amphotericin B recipients 
who were never neutropenic during treatment (P = .006). 

Analyses controlling for sex, age, year of infection, renal 
function at baseline, neutropenia at baseline and at the end of 

treatment, and duration of treatment showed that these charac- 
teristics did not affect the difference in rates of response to 
ABCD and amphotericin B therapy. However, when only re- 

sponses in those patients with neutropenia at baseline were 

compared, the difference was not significant (P = .577). 

Effect of Prior Amphotericin B Therapy 

In the ABCD treatment group, 70 (85.4%) of 82 patients 
had recently received amphotericin B therapy before receiving 
ABCD treatment. The median cumulative dose over the previ- 
ous 1-44 days was 70 mg. It is conceivable that prior ampho- 
tericin B therapy for ABCD recipients contributed to a better 

response, and several attempts were made to evaluate this po- 
tential impact. Adjustment of the baseline for the amphotericin 
B treatment group to approximate prior amphotericin B expo- 
sure of the ABCD treatment group decreased the number of 
evaluable amphotericin B recipients and revealed a response 
rate of 30% (54 of 179) among the amphotericin B recipients 
compared with 48.8% (40 of 82) among the ABCD recipients 
(P = .005). 

In another analysis, no correlation was noted between re- 

sponse rates and the duration of amphotericin B therapy before 
ABCD treatment (data not shown). In addition, the response 
rate among patients who received ABCD treatment because of 
failure to respond to amphotericin B treatment was similar to 
the overall response rate among all ABCD recipients (47.4% 
[nine of 19]). 

Finally, responses were assessed at a single institution where 
the patient population and treatment practices were uniform. 
Evaluable patients treated in a dose-escalating trial with ABCD 

(where enrollment was not based on failure to respond to am- 

photericin B or amphotericin B toxicity) at the Fred Hutchinson 
Cancer Research Center were compared with evaluable ampho- 
tericin B recipients treated at the same institution. Patients were 

comparable in terms of underlying disease, age, and preexisting 
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Figure 1. Survival time over the first 120 days for evaluable pa- 
tients receiving amphotericin B (- - -) or amphotericin B colloidal 
dispersion ( ; Sequus Pharmaceuticals, Menlo Park, CA) as treat- 
ment of invasive aspergillosis. (Patients for whom aspergillosis was 
diagnosed only at autopsy were excluded from this analysis.) 

renal dysfunction, but amphotericin B recipients were more 

likely than ABCD recipients to be neutropenic. The response 
rate among the ABCD-treated patients was 57.9% com- 

pared with 23.4% among the amphotericin B-treated patients 
(P = .015). 

Mortality 

Overall, 50% (41 of 82) of evaluable ABCD recipients died 

compared with 71.6% (187 of 261) of amphotericin B recipi- 
ents (P < .001; 95% CI, -33.8% to -9.5%). The difference 
in survival remained when controlling for underlying disease 

(P < .001), age (P < .001), neutropenia (P < .001), and 
serum creatinine level at baseline (P < .001). Among the 
intent-to-treat population, 59.6% (96 of 161) of ABCD recipi- 
ents and 74.8% (258 of 345) of amphotericin B recipients 
died (P < .001). Adjustment of baseline for prior amphoteri- 
cin B exposure revealed a mortality rate of 72.6% (130 of 

179) among amphotericin B recipients compared with 51.2% 

(42 of 82) among ABCD recipients (P = .026). 
Of the patients for whom aspergillosis was diagnosed only 

at autopsy, 17.2% were amphotericin B recipients and none 
were ABCD recipients. When these patients were eliminated 
from the analysis, 50% of ABCD recipients and 66.1% of 

amphotericin B recipients died (P = .012; 95% CI for the 
treatment difference, -28.6% to -3.5%). Kaplan-Meier sur- 
vival analysis (including only patients for whom aspergillosis 
was diagnosed during life; figure 1) showed longer survival in 
the ABCD treatment group than in the amphotericin B treat- 
ment group by means of the generalized Wilcoxon test. The 
median time to death was 78 days for patients treated with 
ABCD compared with 36 days for patients treated with ampho- 
tericin B (P = .068). 

Safety 

Complete data on renal function were available for 321 of 
343 evaluable patients. Renal toxicity developed during treat- 
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Table 4. Net changes in serum creatinine levels in patients with aspergillosis who received ABCD 
and patients with aspergillosis who received amphotericin B. 

ABCD Amphotericin B P 

Time, finding treatment group treatment group value 

Baseline 
Median level (mg/dL) (range) 1.8 (0.4 to 6.1) 1.0 (0.3 to 6.8) <.001 
No. of patients 80 252 

Day 7 
Median level (mg/dL) (range) -0.1 (-2.0 to 3.5) 0.3 (-3.3 to 4.2) <.001 
No. of patients 79 251 

End of treatment 
Median level (mg/dL) (range) -0.1 (-3.0 to 1.7) 0.6 (-5.3 to 5.5) <.001 
No. of patients 73 246 

NOTE. ABCD = amphotericin B colloidal dispersion (Sequus Pharmaceuticals, Menlo Park, CA). 

ment in 43.1% (107 of 248) of amphotericin B recipients com- 

pared with 8.2% (six) of 73 ABCD recipients (P < .001; 95% 
CI, -43.7% to -26.1%). Renal toxicity occurred significantly 
earlier in the amphotericin B recipients than in the ABCD 

recipients (P < .001; logrank test). The median time to renal 

toxicity, estimated by Kaplan-Meier analysis, was 27.0 days for 

amphotericin B recipients; too few ABCD recipients developed 
renal toxicity to allow estimation of the median time to renal 

toxicity. The median net change from serum creatinine at base- 
line for the amphotericin B recipients showed an increase at 
all weekly time points (data not shown). The median serum 
creatinine levels were unchanged for the ABCD treatment 

group (table 4). 
Adjustment of baseline for prior amphotericin B therapy did 

not alter the difference in the occurrence of renal toxicity in 
ABCD recipients (8.2%), but the adjusted incidence was 19.4% 

(33 of 170) among amphotericin B patients (P = .035 for this 

comparison). In the subanalysis at Fred Hutchinson Cancer 
Research Center, renal dysfunction developed in 6.3% of 
ABCD-treated patients and in 38.1% of amphotericin B- 
treated patients (P = .023). 

Experience with other nephrotoxic agents, such as aminogly- 
cosides, has suggested that factors such as sepsis and volume 

depletion contribute to renal dysfunction independent of the 
serum concentration of the nephrotoxic drug. To examine the 

nephrotoxic effect of the amphotericin B-containing antifungal 
agents, logistic regression for enrollment criteria (nephrotoxic- 
ity or other criteria) and concomitant nephrotoxic medications 
was performed. There was no impact of these factors on the 

development of nephrotoxicity in ABCD-treated patients (data 
not shown). 

Amphotericin B recipients had greater mean increases in 
alkaline phosphatase levels from baseline than did ABCD re- 

cipients on days 7, 14, and 21 (data not shown). At the end of 
treatment, the mean increase in alkaline phosphatase was 78.4 
U/L for ABCD recipients and 185.0 U/L for amphotericin B 

recipients (P = .04). The mean rise in serum bilirubin from 
baseline levels was 1.61 md/dL for ABCD recipients and 6.78 

mg/dL for amphotericin B recipients (P = .001). There were 
no significant changes in hepatic transaminase levels from 
baseline for either treatment group. 

Multivariate Analyses 

Univariate analyses for underlying disease, age, sex, pres- 
ence or absence of neutropenia or renal impairment at baseline, 
site of infection, year of infection, or investigation site were 

performed. In the multivariate model, the most important factor 

predicting a positive therapeutic response was treatment group. 
The relative risk for complete or partial response in association 
with ABCD treatment compared with amphotericin B treatment 
was 3.00 (P = .002; 95% CI, 1.48 to 6.07). The following 
baseline factors had a negative correlation with success for all 

patients: neutropenia (RR = 0.32; P < .001; 95% CI, 0.18 to 

0.56), bone marrow transplant (RR = 0.45; P = .003; 95% 
CI, 0.27 to 0.76), and renal impairment at baseline (RR = 0.63; 
P = NS; 95% CI, 0.29 to 1.37). 

The most important factor predicting mortality was also 
treatment group. The relative risk for death associated with 
ABCD treatment compared with amphotericin B treatment 
was 0.35 (P < .001; 95% CI, 0.20 to 0.59). Bone marrow 

transplant (RR = 2.25; P = .003) and hematologic malig- 
nancy (RR = 2.2; P = .016) were each predictive of mortal- 

ity when they were compared with all other underlying dis- 
eases. Renal dysfunction and neutropenia at baseline were 
not significantly associated with mortality. Finally, the only 
variable that predicted development of renal impairment was 
treatment group. The relative risk of developing renal im- 

pairment in association with ABCD treatment compared with 

amphotericin B treatment was 0.13 (P = .001; 95% CI, 0.04 
to 0.42). 

Discussion 

The goal of the current study was to compare the efficacy 
and renal safety of an investigational antifungal agent (ABCD) 
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with those of conventional amphotericin B desoxycholate in 
the treatment of invasive aspergillosis. Within the limits of 
this retrospective study, the efficacy of ABCD was at least 
comparable with that of amphotericin B, and the survival asso- 
ciated with ABCD was longer than that associated with ampho- 
tericin B. ABCD also caused fewer renal and hepatic toxic 
effects than did amphotericin B. 

These findings are potentially important, because invasive as- 
pergillosis continues to be associated with a poor outcome and 
because therapy with conventional amphotericin B is limited by 
substantial toxicity. The ability to deliver amphotericin B, an 
agent fungicidal for Aspergillus species, in a lipid formulation (as 
ABCD) appears to have resulted in better outcomes, because high 
daily doses could be delivered with less renal toxicity. 

Although the results of this study provide promise, it is 
important to recognize the potential limitations and biases in 
the retrospective study design. For example, in this study, one 
limitation was that data on acute infusion-related events, elec- 

trolyte losses, replacement requirements, and other clinical 
events could not be reliably collected. Another limitation is 
that information about the prescribing of other antifungal medi- 
cations (itraconazole or other lipid formulations of amphoteri- 
cin B) after discontinuation of amphotericin B or ABCD ther- 

apy was not collected; therefore, the impact of these 
medications on aspergillosis-free survival is unknown. 

Biases in the current study included differences in baseline 
characteristics of the ABCD and amphotericin B treatment 

groups. Importantly, there was a significant difference in neutro- 

penia at baseline, a condition that has predicted worse outcomes 
in other retrospective studies [12]. Because of protocol require- 
ments, ABCD recipients were more likely than amphotericin B 

recipients to have renal impairment at baseline. Ascertainment 
bias may also have influenced the results. Specifically, the meth- 
ods by which the amphotericin B recipients were identified may 
have led to identifying patients with worse prognoses. The sites 
selected to provide amphotericin B recipients were the same sites 
where investigators were actively involved in clinical trials with 
ABCD. This fact may have inadvertently affected the selection 
of patients for clinical trials with ABCD and, as a result, the 

comparison group of amphotericin B recipients. 
Other biases may be found in less tangible factors: ABCD 

recipients were likely to be alert (since they gave consent), 
were more likely to be treated by physicians familiar with 

aspergillosis, were possibly better monitored, and may have 
been more likely to have an underlying disease with a better 

prognosis. In addition, clinical trials with ABCD required docu- 
mentation of aspergillosis within 7 days of the start of treat- 
ment, while this documentation was not required for the am- 

photericin B treatment group. 
Therefore, the higher mortality rate and poorer therapeutic 

response in the amphotericin B treatment group might have 
resulted from delayed proof of infection. This possibility would 
be particularly true if postmortem cultures or findings were 
the predominant means for establishing the diagnosis for the 

amphotericin B recipients (the diagnosis for 17.2% of these 

patients in this study was established in this way). 
Concern also could be raised about the low mean daily dose of 

amphotericin B in the amphotericin B treatment group. The low 
mean daily dose can be partly explained by the method of determin- 
ing this value (cumulative dose divided by the number of days 
over which the drug was given). In many cases, days on which 
the drug was not administered were included, thus exemplifying a 
major management issue in the use of amphotericin B. 

In addition, it is likely that empirical antifungal therapy for 
patients at risk for aspergillosis was a major factor determining the 
doses of amphotericin B selected. Since all patients in this analysis 
had proven or probable infection, it is likely that patients receiving 
these lower doses of amphotericin B died shortly after the diagnosis 
or the diagnosis was made at postmortem examination. When the 
subgroups of patients for whom diagnoses were made before or 
within the first 7 days of treatment were compared, the response 
rate among ABCD recipients was 48.1% (37 of 77) compared with 
36.0% (50 of 139) among amphotericin B recipients (P = .153). 

Substantial efforts were made to eliminate known sources 
of bias. These efforts included univariate and multivariate 
analyses, which demonstrated that treatment group predicted 
response, renal safety, and longer survival. There were several 
attempts to minimize ascertainment bias. First, all potential 
patients with proven or probable aspergillosis at the six sites 
were included in the amphotericin B treatment group, thereby 
avoiding selection bias. Second, the assessment of response in 

patients who survived at least 7 days and 3 months after treat- 
ment decreased the impact of early deaths in patients with poor 
prognoses in both treatment groups and decreased the relative 

weight of diagnostic postmortem findings in the amphotericin B 
treatment group. Third, the selection of six sites with extensive 
experience managing invasive aspergillosis decreased the risk 
of wide variations in the diagnosis and management of the 
infection. Regardless of rigorous attempts at reducing bias, 
the factors described above or unrecognized bias may have 

produced invalid conclusions. 
In this study, the findings of higher response rates, lower 

mortality rates, and renal safety that were associated with 
ABCD seem to favor this agent over amphotericin B, and these 
data demonstrate that ABCD has a role as a second-line agent 
in the treatment of aspergillosis. However, it is not appropriate 
to conclude that ABCD is superior to amphotericin B as initial 
treatment of aspergillosis from results of a retrospective, un- 
blinded study comparing different populations of patients. This 
conclusion can be supported only by results of a randomized, 
concurrently controlled trial with ABCD and amphotericin B. 
Such a study is ongoing and will help determine the role of 
ABCD in treating invasive aspergillosis. 
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