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Four patients with cryptococcal meningitis were treated with amphotericin B colloidal dispersion because of
nephrotoxicity from prior treatment with conventional amphotericin B. The limited experience presented here
suggests that amphotericin B colloidal dispersion is efficacious for the treatment of cryptococcal meningitis,
despite being undetectable in cerebrospinal fluid, and offers a potential therapeutic alternative for patients who
cannot tolerate conventional amphotericin B.

Conventional amphotericin B alone or in combination with
flucytosine has a well-defined role in the treatment of most
systemic fungal infections, including cryptococcal meningitis
(1, 2). However, nephrotoxicity remains one of the main ad-
verse effects of prolonged therapy. In an attempt to overcome
this problem, newer amphotericin B preparations with differ-
ent lipid vehicles have been created, such as amphotericin B
lipid complex, AmBisome, and amphotericin B colloidal dis-
persion (ABCD). Although these lipid-associated amphoteri-
cin B preparations can be given at higher doses than conven-
tional preparations (1 to 6 mg/kg of body weight/day) (1, 4, 5,
7), their therapeutic ratios, unlike that for conventional am-
photericin B, have not been established. In addition, the cen-
tral nervous system pharmacokinetics of these lipid-associated
amphotericin B preparations have not been systematically
studied. Although human immunodeficiency virus (HIV)-in-
fected patients with cryptococcal meningitis have been re-
ported to respond favorably to treatment with both amphoter-
icin B lipid complex (10 of 13 evaluable patients had
cerebrospinal fluid [CSF] culture conversion) (3) and AmBi-
some (12 of 18 patients had CSF culture conversion in a me-
dian of 11 days) (4), two treatment failures with ABCD were
described, raising concern about the use of the latter prepara-
tion for HIV infection (5). We describe the outcomes for four
patients with cryptococcal meningitis who were treated with
ABCD or Amphocil (Liposome Technology, Inc., Menlo Park,
Calif.). In addition, we also present the results of measure-
ments of the levels of amphotericin B in the sera and CSF of
three of these patients (Table 1).
Patient 1. A 52-year-old man with diabetes mellitus type II

and heart transplantation (day 90) was admitted because of
pneumonia. He was receiving cyclosporine, azathioprine, and
prednisone. A chest radiograph demonstrated bilateral inter-
stitial infiltrates. Bronchoalveolar lavage specimens grew out
both Cryptococcus neoformans and Aspergillus fumigatus. The
serum cryptococcal antigen (CA) titer was 1:4,190 by the en-
zyme-linked immunosorbent assay (ELISA) microtiter method
(Meridian Diagnostics, Cincinnati, Ohio). Amphotericin B
therapy was started at a dosage of 0.46 mg/kg/day. Eight days
later (total amphotericin B dose, 200 mg), he developed som-
nolence. Examination of the CSF revealed a leukocyte count

(WBC) of ,5 3 106 cells per liter, a glucose level of 48 mg/dl,
a protein level of 0.51 g/liter, and a CA titer of 1:120. India ink
preparations and fungal culture were negative. The patient was
then switched to ABCD at a dosage of 4 mg/kg/day because of
renal toxicity during amphotericin B therapy. Two weeks later,
he had a normal sensorium and his CSF CA titer had de-
creased to 1:70. Fungal culture remained negative. After 5
weeks of therapy, examination of his CSF revealed a WBC of
,5 3 106 cells per liter, a glucose level of 107 mg/dl, a protein
level of 0.34 g/liter, and a CA titer of 1:20. Fungal culture
yielded no growth. He was discharged after the completion of
6 weeks of ABCD therapy and received no further antifungal
therapy. Five weeks later, he was readmitted because of severe
dyspnea and somnolence. A chest radiograph demonstrated
bilateral diffuse interstitial infiltrates. He refused aggressive
diagnostic and therapeutic measures and died 2 days later. No
autopsy was performed. Blood cultures yielded C. neoformans.
Sputum cultures resulted in heavy growth of A. fumigatus.
Patient 2. A 50-year-old man with chronic liver disease with

portal hypertension (positive hepatitis C serology) was admit-
ted because of headache. His sensorium was normal, and there
was no papilledema. Examination of the CSF revealed a WBC
of 59 3 106 cells per liter, a glucose level of 4 mg/dl, a protein
level of 0.61 g/liter, a CA titer of 1:8,940, and a positive India
ink result. Fungal culture grew C. neoformans. Amphotericin B
at a dosage of 0.3 mg/kg/day in combination with flucytosine at
150 mg/kg/day was started. Six days later (total amphotericin B
dose, 198 mg), he was switched to ABCD at a dosage of 4
mg/kg/day (400 mg/day) because of amphotericin B nephro-
toxicity. Flucytosine was discontinued after 14 days of therapy
because of bloody diarrhea. After 1 week of ABCD therapy,
his CSF examination revealed a WBC of 17 3 106 cells per
liter, a glucose level of 65 mg/dl, a protein level of 0.80 g/liter,
a CA titer of 1:4,260, and a positive India ink result; however,
fungal culture was negative. The level of amphotericin B in the
CSF, as measured 6 h after a dose (tested by bioassay with
Chrysosporium pruinosum to avoid flucytosine interference),
was 1.2 mg/ml. Five weeks later, examination of the CSF re-
vealed a WBC of 16 3 106 cells per liter, a glucose level of 63
mg/dl, a protein level of 0.24 g/liter, a CA titer of 1:1,830, and
a positive India ink result. Fungal culture was negative. After
the completion of 8 weeks of therapy, ABCD was discontin-
ued. Examination of the CSF revealed a WBC of ,5 3 106

cells per liter, a glucose level of 48 mg/dl, a protein level of 0.27
g/liter, a CA titer of 1:1,580, and a positive India ink result.
Fungal culture remained negative. Three months later, he was
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asymptomatic. Examination of the CSF revealed a WBC of 10
3 106 cells per liter, a glucose level of 64 mg/dl, a protein level
of 0.20 g/liter, a CA titer of 1:120, and a negative India ink
result and fungal culture. After 12 months of therapy were
completed, he was asymptomatic. His serum CA titer had
decreased to 1:4. He died 6 months later from group A strep-
tococcal bacteremia and septic shock (no autopsy or CA titer
was done). Amphotericin B levels in serum and CSF obtained
during the fourth week of ABCD therapy 23 h after a dose
were 0.54 mg/ml and ,0.125 mg/ml, respectively (the lower
limit of detection for the assay is 0.125 mg/ml).
Patient 3. A 38-year-old man with diabetes mellitus type II

and acute lymphocytic leukemia was admitted for consolida-
tion chemotherapy. He received L-asparaginase, vincristine,
and prednisone. He developed fever and a painful ulceration
of the right naris while neutropenic. Biopsy of his nasal septum
revealed hyphae invading blood vessels. Fungal culture yielded
both Exserohilum and Fusarium species. In addition, blood
cultures grew C. neoformans. The serum CA titer was 1:54,940.
He denied any headache, and his sensorium was normal. Ex-
amination of the CSF revealed a WBC of ,5 3 106 cells per
liter, a glucose level of 186 mg/dl, a protein level of 0.24 g/liter,
a CA titer of 1:10, and a negative India ink result. Fungal
culture yielded C. neoformans. After having received ampho-
tericin B for 7 days (total dose, 442 mg), he was switched to
ABCD at a dosage of 4 mg/kg/day (340 mg/day) because of
nephrotoxicity. Two weeks later, his neutrophil count had re-
covered. His nasal lesion had healed. Examination of the CSF
revealed a WBC of ,5 3 106 cells per liter, a glucose level of
93 mg/dl, a protein level of 0.18 g/liter, and a CA titer of 1:3.
Fungal culture was negative. Levels of amphotericin B in se-
rum and CSF obtained 7 h after a dose were 0.54 mg/ml and
,0.125 mg/ml, respectively. After 6 weeks of ABCD therapy,
his CSF CA titer became negative. Two weeks later, the pa-
tient died of complications related to chemotherapy. No au-
topsy was performed.
Patient 4. A 43-year-old man seropositive for HIV for 7

years with a CD4 count of 171 cells per mm3 was admitted
because a thin-walled, left upper lobe lung cavitary lesion and
headache. His sensorium was normal. Examination of the CSF
revealed a WBC of 14 3 106 cells per liter, a glucose level of
53 mg/dl, a protein level of 0.44 g/liter, a CA titer of 1:70, and
a negative India ink preparation. Culture yielded C. neofor-
mans. Bronchoalveolar lavage culture also yielded C. neofor-
mans. The serum CA titer was 1:16,370. Amphotericin B at a
dosage of 0.7 mg/kg/day was initiated. After six doses (total,
320 mg), he was switched to ABCD at a dosage of 6 mg/kg/day
(500 mg/day) because of amphotericin B nephrotoxicity. After
10 days of ABCD therapy, an examination of his CSF revealed
a WBC of ,5 3 106 cells per deciliter, a glucose level of 79
mg/dl, a protein level of 0.33 g/liter, and a CA titer of 1:20.
Fungal culture was negative. The patient received ABCD six
times a week during the last 3 weeks of treatment as an out-
patient. After 6 weeks of ABCD therapy, an examination of his
CSF revealed a WBC of,53 106 cells per liter, a glucose level
of 77 mg/dl, a protein level of 0.13 g/liter, and a CA titer of 1:5.
Fungal culture remained negative. The left lung cavitary lesion
had resolved by chest X ray. The patient was then started on
fluconazole at 200 mg/day as maintenance therapy. Follow-up
serum CA titers at 1 month and 7 months after ABCD therapy
termination had decreased to 1:1,250 and 1:150, respectively.
Four months later, he died from pneumonia (work-up and
autopsy were refused). Levels of amphotericin B in serum and
CSF obtained during the second week of ABCD therapy 2 h
after a 500-mg dose were 1.1 mg/ml and ,0.125 mg/ml, respec-
tively.
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ABCD, a novel formulation that combines conventional am-
photericin B and sodium cholesteryl sulfate, is designed to
decrease toxicity while maintaining efficacy. A murine model of
disseminated cryptococcal infection demonstrated efficacy
comparable to that of conventional amphotericin B (6); how-
ever, early reports of treatment failure in patients with HIV-
associated cryptococcal meningitis discouraged the use of
ABCD for this entity (4). The limited experience presented
here suggests that ABCD is efficacious for the treatment of
cryptococcal meningitis, despite having undetectable levels in
the CSF. Amphotericin B was measured in the CSF of only one
patient. A possible explanation is that this particular patient
had the highest degree of meningeal inflammatory response,
which allowed for greater penetration of the drug. Inflamma-
tion diminished with the continuation of therapy, and 3 weeks
later, levels of the drug in the CSF were undetectable.
Although all four patients may have had an initial therapeu-

tic benefit from conventional amphotericin B, their treatment
course (6 to 8 days) was not long enough to explain the sus-
tained response seen. ABCD was well tolerated (Table 1).
Only patient 2 missed three doses (two of them because of the
lack of intravenous access). The encouraging results obtained
in this experiment may be explained by the use of a higher
dosage (4 to 6 mg/kg/day) than that (3 mg/kg/day) used in
previous experiments, the milder degree of immunosuppres-
sion, or the lower organism load of our patients.
In summary, this report illustrates an alternative form of

therapy for cryptococcal meningitis for patients who cannot
tolerate conventional amphotericin B. The ability to deliver
higher doses continuously may translate into increased efficacy.
Another interesting question raised by this type of amphoter-
icin B preparation is whether combination therapy with flucy-
tosine may be better tolerated by such populations as HIV-

infected patients, which could potentially improve on current
outcomes.

The patients reported on this paper were part of a multicenter study
involving open-label treatment with Amphocil. This study involves
patients with renal impairment and systemic fungal infection and is
supported by Liposome Technology, Inc., Menlo Park, Calif.
We thank the patients and the physicians from the Departments of

Organ Transplantation, Family Practice, Oncology, and Medicine who
participated in the study.
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