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Phase I Study of Amphotericin B Colloidal Dispersion for the Treatment of 
Invasive Fungal Infections after Marrow Transplant 
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Amphotericin B colloidal dispersion (ABCD; Amphocil) was evaluated in a phase I dose-escala- 
tion study in 75 marrow transplant patients with invasive fungal infections (primarily Aspergillus 
or Candida species) to determine the toxicity profile, maximum tolerated dose, and clinical response. 
Escalating doses of 0.5-8.0 mg/kg in 0.5-mg/kg/patient increments were given up to 6 weeks. No 
infusion-related toxicities were observed in 32*26 of the patients; 52*26 had grade 2 and 59fc had grade 
3 toxicity. No appreciable renal toxicity was observed at any dose level. The estimated maximum 
tolerated dose was 7.5 mg/kg, defined by rigors and chills and hypotension in 3 of 5 patients at 8.0 
mg/kg. The complete or partial response rate across dose levels and infection types was 52*26. For 
specific types of infections, 53*26 of patients with fungemia had complete responses, and 5296 of 
patients with pneumonia had complete or partial responses. ABCD was safe at doses to 7.5 mg/kg 
and had tolerable infusion-related toxicity and demonstrable antifungal activity. 

Invasive fungal infections are leading causes of infectious 

morbidity and mortality in immunocompromised patients [1- 
3]. In marrow transplant patients, invasive Candida infection 
occurs in ~ll07o of patients and Aspergillus infection occurs 
in 507o-1207o [1,2]. Amphotericin B remains the reference stan- 
dard of therapy in this setting. Renal toxicity is one of the 

major disadvantages associated with amphotericin B. This tox- 

icity has been dose-limiting, and a high mortality rate from 
invasive fungal infection remains. Alternative forms of therapy 
are needed. 

The use of lipid as a carrier molecule for amphotericin B 
has been under investigation for the past decade [4-6]. It offers 
the potential advantage of reduced renal toxicity, which would 
allow the safe delivery of higher doses of amphotericin B. In 
addition to renal toxicity, which occurs in up to 80o7o of patients 
receiving amphotericin B, other side effects include fevers and 

rigors and chills in 30o7o-90o7o of patients [7-11] and nausea 
in 1807o-3107o [9, 11]. In 1985, Lopez-Berestein and colleagues 
[5, 6] reported the first clinical trials using lipid carriers for 
the treatment of invasive candidiasis refractory to treatment 
with amphotericin B. These studies showed that lipid complex- 
ing of amphotericin B can be associated with reduced infusion- 
related toxicities and renal dysfunction. 

Amphotericin B colloidal dispersion (ABCD; Amphocil; 
Sequus Pharmaceuticals) is a novel formulation of amphoteri- 
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cin B with a nearly 1:1 molar ratio of cholesteryl sulfate to 

amphotericin B that forms uniform disk-shaped particles ~ 115 
nm in diameter and 4-nm thick. Rats treated with a single 
intravenous dose of ABCD had a 3- to 7-fold reduction in 
renal concentration compared to the same dose of conventional 

amphotericin B: 95*^ of the drug was recovered in the liver 
24 h after dosing [12]. Subsequent studies in murine infection 
models of cryptococcosis [13] and coccidioidomycosis [14] 
have suggested that amphotericin B is more toxic on a milli- 

gram-to-milligram basis than ABCD but that comparable effi- 

cacy varies with the type of fungal infection treated [13, 14]. 
We performed a phase I dose-escalation study to determine 
the safety profile, estimate the maximum tolerated dose, and 
determine the clinical response of increasing doses of ABCD 
in marrow transplant patients with a variety of documented 
invasive fungal infections. 

Methods 

Patients. Patients were eligible for this study if they were 
undergoing marrow transplant and had serum creatinine ̂ 2.0 mg/ 
dL. Patients were excluded if they had a known allergy to ampho- 
tericin B or severe liver dysfunction (defined as levels of alanine 
aminotransferase [ALT] or aspartate aminotransferase [AST] ^5 
times normal or ^50 U/L; bilirubin ̂ 12.5 times normal or ^5 
mg/dL; and alkaline phosphatase [ALP] ̂ 6 times normal or ̂ 80 
U/L). These higher-than-normal baseline levels were accepted be- 
cause of the common occurrence of venoocclusive disease (VOD) 
and graft-versus-host disease (GVHD) in patients undergoing mar- 
row transplantation [15, 16]. 

Patients were conditioned for transplant [17] and given prophy- 
laxis for acute GVHD as previously described [18]. After 1992 
(starting with patients treated with ABCD at 6 mg/kg), all patients 
received fluconazole prophylaxis (400 mg/day) from conditioning 
until day 75 [19]. 

Documentation of fungal infection. To be eligible for the 
study, patients had to have documented fungemia or proven or 



JID 1996; 173 (May) Lipid-Amphotericin B Fungal Infection 1209 

probable invasive fungal infection with Candida glabrata, Crypto- 
coccus or Aspergillus species, or other mold. 

Fungemia was defined as one or more positive blood cultures. 
Proven infection was defined by biopsy evidence of invasive fungal 
hyphae or positive culture from the (1) gastrointestinal tract, (2) 
liver or lung with consistent computed tomography (CT) scans 
showing nodular lesions, (3) skin, or (4) biopsy of an otherwise 
sterile site (e.g., brain, joint). A probable sinus infection was de- 
fined by sterile needle aspirate or biopsy and consistent CT scans. 
Probable lung infection was identified by bronchoalveolar lavage, 
which showed fungal hyphae, culture, or both accompanied by a 
compatible CT scan. Positive culture confirmed a diagnosis but 
was not required if fungal hyphae were present. 

Treatment with amphotericin B before therapy or with other 
antifungal agents during or after discontinuation ofABCD. Pre- 
treatment with amphotericin B was allowed but not required for 
study entry. In the initial year of the study, patients were required 
to have either persistent fungemia (^2 positive blood cultures) or 
progressive visceral tissue infection while receiving conventional 
amphotericin B therapy. Subsequent patients were allowed into 
the study without prior amphotericin B treatment if they had 
fungemia and were at risk for increased renal failure because of 
age ^40 years) or cyclosporine therapy. 

No concomitant antifungal or granulocyte transfusions were al- 
lowed; however, growth factors including granulocyte-macro- 
phage colony-stimulating factor were permitted. ABCD therapy 
was continued for 6 weeks in most patients; some patients with 

persistent signs and symptoms of infection were treated ̂  weeks 
if clinically indicated. To allow assessment of the efficacy of 
ABCD, use of other antifungal drugs after discontinuation of ther- 
apy was discouraged, even if the patient had persistent CT abnor- 
malities at the end of ABCD therapy. 

Dose escalation and treatment with ABCD. ABCD was given 
as a daily intravenous infusion diluted in 507o dextrose from lyophi- 
lized material to a final concentration of 0.7 mg/mL. It was infused 
initially at 1 mg/kg/h or faster if the first several infusions were 
tolerated without infusion-related toxicity. The study began at a 
dose of 0.5 mg/kg in individual patients until the first grade 2 

toxicity of any kind occurred. Three to 6 patients were entered at 
escalating dose levels that were 0.5 mg/kg higher than the previous 
dose level. The number of patients at each dose level and the 
decision to move to the next level was determined by a prespecified 
algorithm specifying the number of allowable toxicities (i.e., stop 
rules) at each level. Toxicities were divided into infusion-related 
and noninfusion-related with separate scales applied to each of the 
two categories. The maximum tolerated dose was defined as 0.5 
mg/kg below the dose that caused grade 2 or infusion-related toxic- 
ity in ^607o of patients or grade 3 noninfusion-related toxicity in 
^307o of patients treated. The highest grade for any single dose 
defined the grade in individual patients. 

Evaluation of toxicity. Vital signs and side effects were mea- 
sured during or within 7 h after the infusion during the first 2 
weeks of therapy. Premedications were not given before with the 
first ABCD dose but were subsequently given if grade 2 or 3 
infusion-related toxicity occurred. Medications included acetamin- 
ophen (650 mg), diphenhydramine (25-50 mg), meperidine (25 
mg), and hydrocortisone (25, 50, or 100 mg), added sequentially 
or in combination. 

Patients receiving ̂ 1 dose ofABCD were evaluated separately 
for infusion- and noninfusion-related toxicity. Parameters used to 

measure infusion-related toxicity included fever, chills or rigors, 
hypotension, and nausea. Grading of infusion-related toxicity re- 
flected the maximal toxicity that occurred any time during the 
course of therapy, regardless of whether the grade decreased with 
subsequent dosing. Fever (despite use of antipyretics) was graded 
as 1, temperature rise *Cl0C above baseline; 2, temperature rise 
^10C but ^0C above baseline; and 3, ^20C above baseline or 
^0oC. Chills or rigors were graded as 1-3: 1 was mild, not 
requiring medication; 2 was mild to moderate and requiring medi- 
cation; and 3 was moderate to severe despite medication. Hypoten- 
sion was graded as 2 or 3: 2, systolic blood pressure ̂ 90 mm Hg 
but responsive to fluids and without recurrence; 3, systolic blood 
pressure ̂ 90 mm Hg not responsive to fluids. Nausea was graded 
1-3: 1, no medication required; 2, nausea accompanied by vom- 
iting, nausea requiring medication, or both; 3, nausea accompanied 
by vomiting and not responsive to treatment. Headache was graded 
1-3: 1, if present; 2, if requiring treatment; and 3, not responsive 
to treatment. 

Noninfusion-related toxicity was evaluated 3 times a week for 
the first 3 weeks and weekly thereafter by monitoring of creatinine 
levels for renal toxicity and AST, ALT, ALP, bilirubin, and pro- 
time (PT) for liver toxicity. 

Renal toxicity. We graded renal toxicity on the basis of 
changes in serum creatine levels as follows: 1, levels rose ^50o7o 
above baseline; 2, levels increased ̂ 007o over baseline to dou- 
bling or increased to 2.5 mg/dL, whichever was greater; and 3, 
tripling of levels or an increase to ^2.5 mg/dL, whichever was 
greater, or oliguria. 

Liver toxicity. Because marrow transplant patients are at risk 
for liver disease from VOD and GVHD, we created scales for 
grading liver toxicity taking the two major categories of liver 
disease into account. Because elevations in ALP and bilirubin are 
more common abnormalities than significant elevations of ALT or 
AST with VOD and GVHD [15, 16] and because animal data 
suggest that hepatocellular injury, as reflected by liver enzyme 
elevation, occurs at high doses of ABCD [20], the grading scale 
used AST to grade liver toxicity. Table 1 shows the scale for liver 
toxicity that was developed on the basis of underlying liver disease. 

Evaluation of treatment efficacy. Patients who received 5=7 
doses ofABCD were evaluated for efficacy ofABCD therapy. CT 
was done at the beginning of the study, at weeks 3 and 6 ofABCD 
treatment, and 3 months after the end of treatment for surviving 
patients. 

We defined complete responses for fungemia, visceral disease, 
and enteritis, respectively, as the clearance of positive blood cul- 
tures after 48 h of treatment without recurrence; complete resolu- 
tion of CT evidence of infection or partial resolution and no evi- 
dence of recurrence while off therapy for ^3 months if no new 
or larger lesions were documented by CT; and clearance of clinical 

symptoms, negative examination of stool for fungal elements, and 
normal endoscopic examination (if done). Furthermore, if autopsy 
was done ^ days after the start of treatment but ^ weeks after 
the end of therapy, there could be no evidence of fungal infection. 
A partial response was defined for visceral infection only and 

required stabilization or improvement but not complete resolution 
of CT evidence of visceral infection. 

ABCD therapy was considered to have failed if a patient had 
fungemia (positive blood cultures persisted 5^5 days from start of 
ABCD therapy or fungemia recurred after 5 days for the duration 
of or within 2 weeks after discontinuation of ABCD) or visceral 
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Table 1. Grading scale of liver toxicity by aspartate aminotransferase levels (AST). 

Patient's underlying 
condition Grade 0 Grade 1 Grade 2 Grade 3 

No liver disease 
Liver disease 

With definable cause 

Without definable 
cause 

^X baseline 

^X normal 

^X upper limit of normal 

2*2X baseline 

^2 nL or ^300 U/L 

52 2 X upper limit of normal 

2*3X baseline 

^300 U/L; cause 
identified; AST levels 

improved over time 

MX baseline 

*300 U/L; AST levels rose for 1 
week despite improvement in 

underlying cause 

Ss3x upper limit of normal ^300 U/L or ̂ 4X upper limit of 
normal or signs of liver failure 

NOTE. Liver disease with definable causes included venoocclusive disease after cytoreductive therapy (rising bilirubin and AST levels, weight gain ̂ 2.50Zo 
over baseline, and liver enlargement ̂ 20 days after transplant) and acute graft-vs.-host disease (cholecystitis evidenced by alkaline phosphatase or bilirubin 
levels 25 1.5X normal during first 100 days after transplant). 

infection (existing lesions increased in size or new lesions were 
seen on CT after 7 days of therapy), autopsy findings or a biopsy 
after 7 days of therapy showed evidence of fungus, or fungal 
infection recurred within 2 weeks of discontinuation of therapy. 
Any antifungal use after ABCD therapy was recorded. 

Survival was recorded for all patients. Death "due to" fungal 
infection was defined conservatively as death, regardless of cause, 
that occurred during the 6 weeks of therapy. For deaths after 
therapy to be considered due to fungal infection, a fungal infection 
had to be redocumented by biopsy or blood culture within 1 week 
of death. Patients were considered survivors if they were alive ^3 
months from the start of therapy. 

Statistics. Evaluation of toxicity was divided into infusion- 
related clinical symptoms, denoted by the grading scales described 
above, and noninfusion-related laboratory changes. For the latter, 
the evaluation focused on changes in laboratory parameters with 
a primary emphasis on renal and liver toxicity. Infusion-related 
toxicity was evaluated by the highest grade of infusion-related 
events that occurred during the treatment period. All noninfusion- 
related laboratory parameters, including renal and liver function 
studies, were evaluated by comparing the last laboratory value 
before the start of treatment to that on the last day ABCD was 
given. These comparisons were made using the Wilcoxon signed 
rank test. We analyzed patients grouped by the following dose 
levels: 0.5-2.0,2.5-4.0,4.5-6.0, and 6.5-8.0 mg/kg. All lvalues 
were two-sided, and no adjustments for multiple comparisons were 
made in calculating P values. 

Some patients had several sites that appeared to be involved in 
addition to the diagnostic site (e.g., a patient with biopsy-proven 
lung infection who also had central nervous systems lesions on 
CT). Because these additional sites were not routinely biopsied, 
and therefore not confirmed for primary outcome assessment, sites 
were defined as that from which the diagnostic material was ob- 
tained. 

Results 

Patient characteristics. Seventy-five patients were en- 
rolled in the study from 6 March 1991 until 30 June 1994. 

Sixty-two patients (82(X)) underwent allogeneic transplant and 
11 (IS*^)) underwent autologous transplant. Two patients (30z{)) 
who entered the study during their preparative regimen died 

or withdrew from study before marrow infusion. Underlying 
diagnoses included acute nonlymphocytic leukemia (n = 15), 
acute lymphocytic leukemia (n = 11), chronic myelogenous 
leukemia (n = 19), lymphoma (n = 9), aplastic anemia or 

myelodysplastic syndrome (n = 12), and other (n = 9). Forty- 
six (7407o) of 62 allogeneic patients had acute GVHD. 

Types of fungal infections. Table 2 shows the types of 

fungal organisms and syndromes in patients treated with ABCD 

during the study. The most common fungal infections treated 
were due to Candida species and occurred in 29 patients. The 

predominant species were C albicans (41*^) of fungemia cases) 
and C. parapsilosis (3807)). 

Fungal pulmonary infection occurred in 26 patients: Asper- 
gillus fumigatus or other Aspergillus species were the predomi- 
nant organism (85*^ of pneumonia cases). The diagnosis was 
made by open lung biopsy in 11 (4207o) or fine needle aspirate 
in 4 (1507o), bronchoalveolar lavage in 9 (3507o), and sputum in 
2 (807o) of the 26 cases. Resection was attempted in 4 of the 
11 patients who underwent open lung biopsy. 

Visceral infection was due to Candida (n ^ 7) or Aspergillus 
(n = 1) organisms involving the liver, spleen, or kidneys. All 
were diagnosed histologically by demonstration of hyphal ele- 
ments without positive culture (the patient with Aspergillus 
infection had culture confirmation at autopsy 2 weeks after the 

diagnosis). Two patients with brain infection, diagnosed by 
biopsy or aspirate, also had pulmonary involvement shown by 
CT but not proven by additional lung culture. 

Eleven patients had clinical (CT) evidence of multiple sites 
of infection (see Methods for definition of primary site of 

infection). CT showed that 4 patients with fungemia as the 

primary diagnosis also had infection in the sinus (n ^ 1), lung 
(n = 3), and abdominal viscera (n = 2); 4 patients with proven 
or probable pneumonia also had involvement of the brain (n 
= 1) or abdominal organs (n ^ 3); 2 patients with proven brain 
infection also had lung (n = 2) and liver involvement (n ^ 1); 
and 1 patient with probable sinus infection also had CT evi- 
dence of chest infection. 

Infusion-related toxicity. Table 3 shows the incidence of 
infusion-related fever and rigors and chills. Twenty-four pa- 
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Table 2. Type of fungal infection by site and clinical response for 75 patients treated with amphotericin 
B colloidal dispersion. 

Clinical response 
Total 

Diagnosis, organism (%) Complete Partial Failure Not evaluable 

Fungemia 31 (41) 
Candida albicans 13 6 ? 5 2 
Candida parapsilosis 11 6 ? 4 1 
Candida tropicalis 3 2 ? 0 1 
Candida lusitanae 1 1 ? 0 0 
Candida glabrata 1 1 ? 0 0 
Cryptococcus neoformans 1 1 ? 0 0 
Malassezia furfur 1 0 ? 1 0 

Pneumonia 27 (36) 
Aspergillus fumigatus 17 6 3 5 3 
Other Aspergillus species 3 1 0 1 1 
Candida + Aspergillus species 2 ? ? 1 1 
Candida species 2 1 1 0 0 
Monocillium species 1 1 0 0 0 

Zygomycetes 1 0 0 0 1 

Cunninghamella 1 10 0 0 
Visceral infection 8(11) 

Candida species 7 1 3 2 1 

Aspergillus species 1 0 0 1 0 
Enteritis: Candida species 2 1 0 1 0 
Sinus 

Rhizopus species 1 0 1 0 0 
Aspergillus fumigatus 2 1 0 0 1 

Brain: A. fumigatus 2 0 0 1 1 
Skin: Aspergillus flavus 1 0 0 0 1 
Knee: Fusarium species 1 1 0 0 0 

NOTE. Infection site = location from which primary diagnostic material was obtained. 

tients (320Zo), none of whom received premedication for infu- 
sion-related symptoms, experienced infusion-related toxicity. 
Forty-seven patients (630Zo) experienced grade 1 or 2 toxicity. 
Four patients (50z{)) experienced grade 3 infiision-related fevers 
or chills and rigors, including 3 who received the maximal 
dose level of 8.0 mg/kg, thereby defining the maximum toler- 
ated dose of ABCD. Of the 5 patients dosed at 8.0 mg/kg, 1 
had grade 0 toxicity, 1 had grade 1 chills only, and 3 experi- 
enced fever-chills-rigor with grade 3 hypotension after the first 
2 doses and required the use of vasopressors. One of these 

Table 3. Grade of infusion-related toxicity by dose level (fever, 
chills, rigors only). 

No. of patients (% at dose level) 

Dose (mg/kg) Grade 0 Grade 1 Grade 2 Grade 3 

0.5-2.0 (? = 17) 4 (23) 3 (18) 9 (53) 1 (6) 
2.5-4.0 (n = 13) 6 (46) 1 (8) 6 (46) 0 
4.5-6.0 (ii = 19) 6 (32) 0 13 (68) 0 

6.5-8.0(ii = 26) 8(31) 4(15) 11(42) 3(12) 
Total (n = 75) 24 (32) 8(11) 39 (52) 4 (5) 

patients required intubation to maintain adequate oxygenation. 
All 3 patients with grade 3 toxicity had ABCD treatment sus- 

pended and survived. On the basis of our experience at 8.0 

mg/kg, the estimated maximum tolerated dose was defined as 
~7.5 mg/kg. Of the 13 patients who received ABCD at 7.5 

mg/kg, 4 had no infusion-related toxicities, 2 were grade 1, 6 
were grade 2, and 1 patient had grade 2 nausea. No patient 
had a grade 3 toxicity at 7.5 mg/kg. 

Some general observations were possible about the pattern 
of infusion-related toxicity. First, most reactions occurred 
with the first or second dose. Second, since premedications 
were not given with the initial dose, patients with grade 2 
reactions were given premedication with acetaminophen and 

diphenhydramine with or without meperidine. In addition, 
some patients received hydrocortisone before infusion ther- 

apy at the discretion of their attending physician. Once pre- 
medication was added after a grade 2 or greater toxicity 
event, the reactions either disappeared completely or were 
well controlled with continued premedication. The only 
other infusion-related events observed were hypotension (n 
= 3: grade 2 in 1 patient receiving 1.0 mg/kg and grade 3 
in 2 patients at 8.0 mg/kg), headache in 1 patient (grade 2 
at 4.0 mg/kg), and nausea in 2 patients (grade 2 for both at 
6.0 and 7.5 mg/kg). There was no apparent dose-response 
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relationship for any specific infusion-related toxicity or for 
all toxicities combined. 

Noninfusion-related toxicity. Thirty-six patients (4807o) had 
no persistently elevated ^3 days) serum creatinine above 
baseline levels during ABCD treatment. Twenty-four patients 
(320 z4) experienced grade 1, and 13 patients (1707o) had grade 
2 renal toxicity. When the grade 2 renal toxicities occurred, 
2 patients were terminally ill with cytomegalovirus (CMV) 
pneumonia, 4 had sepsis or multiorgan failure, 2 had fungal 
sepsis, 1 had a severe hypotensive reaction to ABCD (8.0 mgl 
kg), and 4 had no explanation. Two additional patients (307o) 
experienced grade 3 renal toxicity, 1 at 3.0 and 1 at 4.0 mgl 
kg, and were withdrawn from the study. The first patient had 
normal creatinine levels for 28 days during the study until he 
was given foscamet for a refractory CMV infection and his 
creatinine levels rose over 5 days to 5.1 mg/dL (during initial 
foscamet therapy; day 33 of ABCD therapy). Although ABCD 
was discontinued, the foscamet was thought to be the most 

likely explanation for the sudden change in creatinine. The 
second patient had normal semm creatinine until day 49 of 

study when he developed multiorgan failure from sepsis, and 
creatinine rose to 3.2 mg/dL in the last 48 h of life. Although 
ABCD was discontinued, the renal deterioration was not 

thought to be related to ABCD therapy. 
Figure 1 shows prestudy and end-of-study serum creatinine 

levels. There was no apparent increase in creatinine values for 
the patients as a whole over the course of the study. When 
individual pretreatment values were compared with end-of- 

Baseline Creatinine (mg/dL) 

Figure 1. Baseline creatinine and end-of-treatment serum creati- 
nine levels for all patients receiving ̂ 1 amphotericin B colloidal 
dispersion dose. Baseline value was obtained before day 1 of therapy. 
End-of-therapy value was obtained on last day of infusion for patients 
who died during study or day after therapy for survivors. 

treatment values, there were no statistically significant differ- 
ences by Wilcoxon signed rank test. There was also no differ- 
ence when day 7 or day 14 creatinine values were compared 
with those at the beginning of treatment (data not shown). 
Figure 2 shows the changes in semm creatinine and the total 
dose of ABCD given. There was no apparent relationship be- 
tween total ABCD dose and semm creatinine level. 

All liver function tests and PT times were analyzed using 
the statistical methods described for semm creatinine. Fifty- 
four patients (7207o) had grade 0, 12 (1607o) had grade 1, 5 (707o) 
had grade 2, and 4 (507o) patients had grade 3 toxicity. Of the 
9 patients with grade 2 or 3 toxicity, 3 had hepatic candidiasis, 
1 had Epstein-Barr vims-associated lymphoproliferative syn- 
drome with a sudden rise in AST at the time of death, 4 had 
severe GVHD, and 1 had no explanation. 

There were no statistically significant changes in ALT or 
AST at any dose level when pretreatment and end-of-therapy 
liver function laboratory values were compared. For all pa- 
tients, regardless of underlying liver disease, when pretreatment 
values were compared with end-of-therapy values, the follow- 

ing differences were observed. For bilimbin, statistically sig- 
nificant increases were noted at the 2.5-4.0 mg/kg dose levels 

(P ^ .002) and at the 4.5-6.0 mg/kg dose levels (P = .009) 
but not at the highest doses (6.5-8.0 mg/kg). ALP had a statisti- 

cally significant increase only at the highest dose (P = .002). 
PT had statistically significant increases at 2.5-4.0 (P = .03), 
4.5-6.0 OP ̂  .007), and 6.5-8.0 mg/kg (P ^ .009). Only 1 

patient (at 7.5 mg/kg) had clinically significant bleeding associ- 
ated with an abnormal PT value. When the subset of patients 
without VOD or GVHD were analyzed (n = 17), there was a 

statistically significant increase in ALP (P = .03) but not in 
bilimbin (P ^ .84) or PT (P = .17). There were too few 

patients in this study to allow meaningful comparisons within 
dose levels. 

Outcome of fungal infection. Table 4 shows the response to 

therapy with ABCD by dose grouping. Only 6 patients received 

therapy for ^ weeks, including 2 who received therapy for 
15 weeks. The other 4 patients had persistent chest (n = 2) or 
abdominal (n = 2) CT evidence of scarring at the end of 6 
weeks of ABCD therapy. 

Patients were coded for responses by definitions created before 
the study. The combined complete and partial response rate for 
all types of infections was 5207o (table 4). Of 29 patients with 

complete responses, only 2 received additional antifungal therapy 
after discontinuation of ABCD. One received amphotericin B to 
treat a rising cryptococcal antigen in blood without positive blood 
cultures 2 weeks after completion of ABCD (relapsed infection), 
and 1, who was discharged after 3 weeks of ABCD therapy for 

fungemia, continued taking itraconazole at home without recurrent 

fungemia. Of the 10 patients with partial responses, 4 received 
no further antifungal therapy and remained disease-free. Five, 
who received varying amounts of amphotericin B, were not 

upgraded to a complete response at follow-up even if they subse- 

quently had no CT evidence of infection. None of these amphoter- 
icin B- treated partial responders developed evidence of recur- 

End 

of 
Treatment 

Creatinine 

(mg/dL) 
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Figure 2. Change in serum creatinine expressed by cumulative amphotericin B colloidal dispersion (ABCD) dose for each patient receiving 
521 ABCD dose. 

rence. Most patients who received therapy for ^ days (coded 
as nonevaluable) did so because of early death due to progressive 
fungal infection and therefore could also be conservatively in- 
cluded as treatment failures. 

Table 5 shows the response rate by underlying fungal infec- 
tion. The combined failure-not evaluable rate was 4807o (36/ 
75) overall. The complete response rate was 55(X) (17/31) for 

fungemia, and the complete-partial response rate was 52*^0 (14/ 
27) for pneumonia and 50*^ (4/8) for visceral candidiasis. Of 

patients with multiple sites of infection, the response rate was 

considerably worse; only 1 of 11 patients had a partial response. 
The rest were coded as treatment failures or not evaluable 

Table 4. Clinical response to amphotericin B colloidal dispersion 
therapy by dose level. 

because of early death. There did not appear to be a dose- 

response relationship when responses for all types of fungal 
infections were analyzed. 

Survival at 3 months after diagnosis was 4807o (15/31) for 

patients with fungemia, 3007o (8/27) for those with pneumonia, 
and 6307o (5/8) for those with visceral candidiasis. Survival was 
worse for patients with clinical evidence for multiple sites of 
infection: Only 1 (9(M)) of 11 patients survived 3 months after 
the diagnosis. 

Discussion 

This study demonstrated that ABCD could be delivered 

safely up to a daily dose of 7.5 mg/kg. The dose-limiting 

No. of patients (% at dose level) 

Dose (mg/kg) Complete Partial Failure Not evaluable 

0.5-2.0 (n = 17) 7 (41) 2 (12) 6 (35) 2 (12) 
2.5-4.0 (? = 13) 6(46) 0 5(39) 2(15) 
4.5-6.0 (n = 19) 9(47) 2(11) 3(16) 5(26) 
6.5-7.0 (n = 8) 2 (25) 3 (38) 2 (25) 1 (12) 
7.5 (n = 13) 7 (54) 0 6 (46) 0 
8.0 (n = 5) 0 1 (20) 0 4 (80) 

Total (ii = 75) 31(41) 8(11) 22(29) 14(19) 

Total Dose ABCD (mg) 

No. of patients (%) by response 

Diagnosis or site Complete Partial Failure Not evaluable 

Fungemia (n = 31) 17(55) 0 10(32) 4(13) 
Pneumonia (n = 27) 10(37) 4(15) 7(26) 6(22) 
Visceral (n = 8) 1 (13) 3 (37) 3 (37) 1 (13) 
Brain (n = 2) 0 0 1 (50) 1 (50) 
Other (n = 7) 3 (43) 1 (14) 1 (14) 2 (29) 

Total (n = 75) 31(41) 8(11) 22(29) 14(19) 

Change 

in 
Serum 

Creatinine 

(mg/dL) 

Table 5. Clinical response to amphotericin B colloidal dispersion 
therapy by site of infection. 
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toxicity was infusion-related rigors, chills, and hypotension. 
The clear safety advantage of this drug was the lack of renal 
toxicity, as reflected by minimal renal toxicity at all dose levels 
whether analyzed for individual patients by dose level or by 
cumulative dose. Even at the highest dose studied, there was 
no evidence of renal toxicity. This experience is consistent with 
that of a human in vitro endothelial cell model that compared 
the effects of ABCD and amphotericin B [21]. In that study, 
no renal toxicity with ABCD was found with doses similar to 
those used in the present study. Studies in rabbits showed that 
ABCD-associated renal toxicity predictably will occur as the 
dose approaches 10 mg/kg [22]. 

The major toxicities associated with ABCD were infusion- 
related: the typical fevers, rigors, and chills seen with conven- 
tional amphotericin B therapy. Even though infusion-related 
toxicity was particularly severe at the highest dose level, there 
was no apparent dose-response relationship to any of the symp- 
toms of infusion-related toxicity below the highest dose level 
studied. It is difficult to compare the incidence of the toxicities 
associated with ABCD to those associated with amphotericin B, 
since the exact incidence of infiision-related toxicity in marrow 
transplant patients who have received amphotericin B has not 
been well defined or varies by the report [7-11]. In addition, 
most patients given amphotericin B routinely receive medica- 
tions to control the side effects before or during the first infu- 
sion. 

A recent controlled study from our own institution compared 
several infusion rates of amphotericin B as empiric therapy 
after marrow transplant without premedication with the initial 
dose. In this study, 70% of patients had fevers (38o -40oC), 
20%-40% had rigors and chills, and 15oZo-30oZo had nausea 
[23]. Toxicity data with respect to other lipid-complexed prod- 
ucts are available only for the Lopez-Berestein amphotericin 
B preparation (a research preparation no longer clinically avail- 
able) and for liposomal amphotericin B (AmBisome; Fugisawa, 
Deerfield, IL). Both may be associated with less fever than 
observed with ABCD, but these other preparations may have 
higher rates of anaphylaxis [24]. We saw no anaphylaxis or 
cardiopulmonary toxicity [25, 26] and <5% incidence of nau- 
sea with ABCD. ABCD-related liver toxicity was not apparent 
in this study, although competing causes for liver toxicity (e.g., 
VOD and GVHD) make analysis difficult without controlled 
studies. 

This study showed that ABCD has activity against the typical 
fungal infections observed in the marrow transplant setting 
compared with historical mortality rates after marrow trans- 
plantation (90% for patients with invasive pulmonary Aspergil- 
lus species and 100% for patients with disseminated Aspergillus 
organisms) [1]. In the present study, a favorable response may 
be most accurately represented by combining complete and 
partial responses since, by definition, a complete response re- 
quired disappearance of all radiographic abnormalities. For ex- 
ample, data from a previous study evaluating the persistence of 
CT lesions in 15 patients with proven hepatosplenic candidiasis 
showed that only 2 patients (^Zo) had complete clearance of 

lesions by CT 15 weeks after transplant [27], even though 
patients with persistent CT lesions survived without evidence 
for progression or recurrence of their infections. Thus, the 
complete response rate definition used here likely underesti- 
mates the true favorable clinical response rate that would be 
seen if it were possible to follow patients for longer periods. 

Aspergillus pneumonia and hepatosplenic candidiasis have 
had especially poor outcomes in the past [1, 2], The present 
study demonstrated 53% complete-partial responses for fungal 
pneumonia, including 22 patients with bilateral unresectable 
infection. The survival rate for patients with pneumonia treated 
with ABCD was 3^Zo; 63% of those with hepatosplenic candi- 
diasis survived. These rates compare favorably with survival 
rates of ^ ^Zo for pneumonia and 20% for tissue-documented 
Candida infection [1]. It is possible that the increased survival 
associated with hepatosplenic Candida infection in the present 
study was related either to the increased concentration of 
ABCD compared with amphotericin B in an abdominal organ 
or, conversely, to the relatively few patients treated with ABCD 
in our study. While not conclusive, these results show promis- 
ing antifungal activity that is as good or possibly better than 
that previously seen with conventional amphotericin B treat- 
ment. As with toxicity, only controlled trials will address com- 
parable antifungal activity with other available forms of treat- 
ment. 

There did not appear to be an obvious dose-response relation- 
ship for efficacy, in contrast to reported observations with am- 
photericin B and ABCD in a rabbit model [22]. Possible expla- 
nations for the differences between the present study and 
experimental animal studies include the ability to introduce 
antifungal therapy much earlier in the course of infection and 
to standardize the inoculum size in the experimental setting. 
Despite our best attempts at early diagnosis, it is likely that by 
the time invasive fungal infection in patients is proved by 
culture or biopsy, the infection will be well established. It is 
possible that a dose-response effect might be observed in future 
studies if more sensitive means of early detection enable institu- 
tion of therapy at a much earlier stage of infection. 

In summary, the major advantage of ABCD therapy appears 
to be the ability to deliver amphotericin B without nephrotoxic- 
ity. Controlled trials will be necessary to assess whether ABCD 
or other lipid-complexed amphotericin products will improve 
clinical outcome with specific infections compared with con- 
ventional amphotericin B and to determine appropriate doses 
and duration of therapy for specific infections and whether 
survival rates can be improved for immunocompromised pa- 
tients (e.g., marrow transplant patients) with well-established 
invasive fungal infections. 
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