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Background: The safety and efficacy of amphotericin B lipid
complex injection (ABELCET; Enzon Pharmaceuticals, Piscataway,
NJ) was assessed in 548 children and adolescents 0–20 years of age
who were enrolled in the Collaborative Exchange of Antifungal
Research (CLEAR) registry. To our knowledge, this is the largest
series of pediatric patients treated for invasive mycoses with a single
agent. All patients had cancer or had received a bone marrow, cord
blood or solid organ transplant and were treated with amphotericin
B lipid complex for documented or suspected fungal infection.
Methods: The CLEAR database was queried for all patients 0–20
years of age from 1996 to 2000. Data gathered included demo-
graphic variables, underlying disease type, reasons for the use of
amphotericin B lipid complex injection, dosing information, clinical
response and renal effects.
Results: Most patients were either intolerant of or refractory to
conventional antifungal therapy, and almost one-half were neutro-
penic at treatment onset. Of the 548 patients, 300 (54.7%) were
transplant recipients and 393 (71.7%) had received one or more
concomitant nephrotoxins. Candida and Aspergillus were the most
commonly isolated species in patients with proven or probable
infections. Response data were evaluable for 255 of the 285 patients
with documented single or multiple pathogens. A complete (cured)
or partial (improved) response was achieved in 54.9% of patients,
with an additional 16.9% of patients having a stable outcome.
Among patients with proven Aspergillus infection, the response
rates (cured � improved) were 40.5 and 37.5% in transplant and
nontransplant patients, respectively. When stable responses were
added, the response rates were 48.6 and 71.9%, respectively. There
were few clinically significant deleterious effects on renal function.
There was no significant difference between the rates of new

hemodialysis versus baseline hemodialysis. Elevations in serum
creatinine of �1.5 � baseline and �2.5 � baseline values were seen
in 24.8 and 8.8% of all patients, respectively.
Conclusions: The safety and efficacy data from this large pediatric
population support the use of amphotericin B lipid complex injec-
tion for treatment of invasive fungal infections in immunocompro-
mised children and adolescents, including the high risk subgroup of
transplant recipients. The overall response rate and safety profile in
pediatric patients who were largely intolerant of or refractory to
conventional antifungal therapy were consistent with earlier re-
ported findings of smaller trials.
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During the past decade, invasive fungal infections have
become increasingly common in the immunocompro-

mised pediatric population. Among those at highest risk are
patients with cancer and those receiving solid organ or bone
marrow transplants.1–5 Amphotericin B deoxycholate, the
standard of treatment, is frequently effective in the manage-
ment of infections caused by yeast, molds and dimorphic
fungi but has significant infusional toxicities and dose-limit-
ing nephrotoxicity. Patients with underlying renal dysfunc-
tion may experience added toxicity when treated with am-
photericin B deoxycholate.

Amphotericin B lipid complex injection (ABELCET;
Enzon Pharmaceuticals, Inc., Piscataway, NJ) is approved for
the treatment of invasive fungal infections in patients refrac-
tory to or intolerant of conventional amphotericin B.6 Its
efficacy and safety were established in an emergency use
study of 556 adult and pediatric patients treated second line
for various fungal infections.7 These data became the basis
for drug approval in 1996. Since that time, a comprehensive
registry of patients who received the drug, the Collaborative
Exchange of Antifungal Research (CLEAR), has been main-
tained and represents the largest database of patients treated
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with amphotericin B lipid complex injection or any single
antifungal agent. More than 3514 patients with proven, prob-
able or suspected fungal infections were prospectively en-
rolled before enrollment closed in 2000.

In this report, we describe the postapproval outcomes
for 548 children and adolescents in the CLEAR database who
had cancer or who received a bone marrow or solid organ
transplant and were treated with amphotericin B lipid com-
plex injection.

MATERIALS AND METHODS
To identify pediatric patients for inclusion in this anal-

ysis, we queried the CLEAR registry database for patients
treated with amphotericin B lipid complex injection after its
commercial availability in the United States in January 1996
and in Canada in July 1997. Through March 2000, we
identified 548 patients aged 0–20 years eligible for inclusion.
To be included in the registry database, patients had to have
received at least 4 daily doses of amphotericin B lipid
complex injection for the treatment of a given episode of
proven, presumed, or suspected fungal infection.

Participating physicians enrolled patients prospec-
tively and then conducted a retrospective review of the
patient’s chart. A standardized form was used to record the
data in an anonymous manner, stripping the data entries of
identifiable information. Data collected on each patient
included age and weight, underlying disease, treatment
type (nontransplant versus bone marrow or solid organ
transplant), reasons for the use of amphotericin B lipid
complex injection, dosing information (starting dose, me-
dian daily dose, peak daily dose and duration), clinical
response and toxicity. Contributors were encouraged to use
standard criteria for proven, probable and possible infec-
tion as set forth by the European Organization for Re-
search in Treatment of Cancer (EORTC)-Mycoses Study
Group consensus definitions.8 For therapeutic response,
each episode was graded by the institution’s clinician and
classified as cured, improved, stable, deteriorated or inde-
terminate. The stable disease category included patients
who experienced clinical improvement but had no measur-
able baseline disease, or who experienced clinical im-
provement without a change in baseline measurable dis-
ease but survived to the end of amphotericin B lipid
complex injection therapy. Baseline and end-of-therapy
serum creatinine measurements were also recorded.

The type of fungal infection (eg, Aspergillus, Candida)
was recorded as proven or probable based on EORTC-
Mycoses Study Group consensus definitions.8 In the patients
who received amphotericin B lipid complex injection without
a proven or suspected pathogen, the infection type was listed
as empiric.

RESULTS
Of 548 patients in the database 20 years of age or

younger, 41.4% were female and 58.6% were male (Table 1).
The median age was 9 years, with 99 patients younger than 2
years, 44 of whom were younger than 3 months. The median
weight was 31 kg (range, 3.0–151.0 kg). There were 248
nontransplant patients and 300 patients who received a bone
marrow, solid organ or other transplant. Table 1 includes the
underlying diagnoses for these patients. Of the 44 infants
younger than 3 months, 4 were treated for complications
caused by renal transplant. The remainder were treated for
infection complications largely resulting from prematurity
with or without respiratory failure (28), sepsis (7), as a
consequence of steroid therapy (7), underlying renal disease
(7) or other etiologies (22). Patients may have had more than
1 contributing factor.

The age and diagnosis distributions were similar for all
patients, with the exception that very few transplants were
done for patients younger than the age of 2 years. Table 2
shows patient treatment characteristics, including reasons for
treatment with amphotericin B lipid complex injection. Of the
548 patients, 34.5% had invasive fungal disease refractory to
conventional antifungal therapy, 25.5% were intolerant of
conventional antifungal therapy (renal or other unspecified
intolerance) and 20.4% had underlying renal disease. Only
16.1% had no prior antifungal treatment and no renal disease.
Approximately 43% of patients had severe neutropenia when
amphotericin B lipid complex injection treatment was initi-
ated. Forty percent (n � 219) had prior azole therapy (mostly
fluconazole).

Because the issue of administering nephrotoxic agents
with amphotericin B lipid complex injection may complicate
clinical outcome, the types of drugs and the number of
patients receiving concomitant nephrotoxins were assessed
(Tables 3 and 4). More than 71% of the patients received
concomitant nephrotoxic agents. Mann-Whitney analysis of
the difference between the age groups in the number of
patients who received concomitant nephrotoxins was signif-
icant overall, as well as among some of the age groups (Table
3). The younger patients received fewer concomitant neph-
rotoxins.

Treatment data were available for 548 patients (Table
5). The median duration of therapy was 15 days (range,
1–182 days). The median dose at the start of therapy was 4.92
mg/kg/d (range, 0.1–10 mg/kg/d). There were no significant
differences in starting dose, average dose, or therapy duration
for transplant versus nontransplant patients. Two hundred
eighty-five patients (151 nontransplant, 134 transplant) were
identified as having a documented fungal pathogen (either
single or multiple). The remaining 263 patients were treated
empirically for presumed or unproven infection. Candida was
the most common infecting pathogen (196 of 285, 68.8%),
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followed by Aspergillus (74 of 285, 26%) and Fusarium (6 of
285, 2.1%).

The renal effects of amphotericin B lipid complex
injection treatment are summarized in Table 6. Serum
creatinine levels were significantly higher in the subgroup
12–20 years of age, with median baseline creatinine levels
of 1.20 mg/dL versus 1.45 mg/dL at end of therapy (P �
0.001). Fifteen patients were receiving hemodialysis at
baseline and 21 at the end of treatment (P � 0.31), 13 of

whom were not receiving hemodialysis at baseline. Eleva-
tions in serum creatinine of �1.5 � baseline and �2.5 �
baseline occurred in 24.8 and 8.8% of patients, respec-
tively. This frequency was relatively similar across age
groups, except for the subset of ages 0 –3 months. In these
patients, only 6.8% had serum creatinine elevations of
�1.5 � baseline, and 2.3% had a level �2.5 � baseline.
Analysis of variance revealed that the subgroup of ages
0 –3 months had a significantly lower mean (�0.11 mg/dL)

TABLE 2. Baseline Pediatric CLEAR Patient Characteristics: Status of Prior Treatment and Absolute Neutrophil
Count

All 0–3 mo 4 mo–1 yr 2–11 yr 12–20 yr

Total no. 548 44 55 221 228
Status at baseline

Refractory 189 (34.5)* 10 (22.7) 16 (29.1) 75 (33.9) 88 (38.6)
Underlying renal disease 112 (20.4) 7 (15.9) 6 (10.9) 45 (20.4) 54 (23.7)
Intolerant of antifungals† 140 (25.5) 4 (9.1) 11 (20.0) 61 (27.6) 64 (28.1)
No prior antifungals/no renal disease 88 (16.1) 22 (50.0) 20 (36.4) 30 (13.6) 16 (7.0)
Unknown/other 19 (3.5) 1 (2.3) 2 (3.6) 10 (4.5) 6 (2.6)

ANC at baseline
�1000/mm3 230 (42.0) 35 (79.5) 31 (56.4) 77 (34.8) 87 (38.2)
500–1000/mm3 67 (12.2) 5 (11.4) 8 (14.5) 21 (9.5) 33 (14.5)
�500/mm3 238 (43.4) 3 (6.8) 16 (29.1) 118 (53.4) 101 (44.3)
Unknown 13 (2.4) 1 (2.3) 0 (0) 5 (2.3) 7 (3.1)

*Numbers in parentheses, percent.
†Intolerance was defined as renal in 83 of 140 patients (59.3%) in this group, other (unspecified) in 26 of 140 (18.6%) and unknown in 31 of 140 (22.1%).
ANC indicates absolute neutrophil count.

TABLE 1. Pediatric CLEAR Patient Characteristics: Demographics and Immunosuppression

All 0–3 mo 4 mo–1 yr 2–11 yr 12–20 yr

Total 548 44 55 221 228
Age (median) 9.0 yr 0.0 mo 1.0 yr 6.0 yr 16 yr
Median weight (kg); range 31; 3.0–151.0 3.0; 3.0–6.0 9.0; 3.0–14.0 23.0; 10.0–70.0 60.0; 27.0–151.0
Gender

F 227 (41.4)* 18 (40.9) 29 (52.7) 93 (42.1) 87 (38.2)
M 321 (58.6) 26 (59.1) 26 (47.3) 128 (57.9) 141 (61.8)

Transplant 300 (54.7) 4 (9.1) 39 (70.9) 124 (56.1) 133 (58.3)
Allogeneic BMT 18 78 80
Autologous BMT 1 15 12
Solid organ 15 16 22
Renal 4 3 5 15
Umbilical cord blood BMT 5 5
Unrelated cord blood transplant 1 3
PSCT 2 9 7

Nontransplant† 248 (45.3) 40 (90.9) 16 (29.1) 97 (43.9) 95 (41.7)
ALL 8 61 46
AML 5 39 60
CML 1 7 6
CLL 1
Leukemia 1 3 1
AMML 1
Aplastic anemia 1 8 13
Non-Hodgkin’s lymphoma 1 7 7
Hodgkin’s lymphoma 6
Fanconi’s anemia 10
AIDS 1 1

*Numbers in parentheses, percent.
†Patients may have had more than 1 underlying condition; other conditions unspecified.
BMT indicates bone marrow transplant; PSCT, peripheral stem cell transplant; ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; CML, chronic myelogenous

leukemia; CLL, chronic lymphocytic leukemia; AMML, acute myelomonocytic leukemia; AIDS, acquired immunodeficiency syndrome.
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or median (�0.10 mg/dL) change in serum creatinine
compared with each of the older subgroups.

Figure 1 reveals that when the changes in serum creat-
inine from baseline to end of therapy were compared for all
patients in increments of 0.2 mg/dL, a clear majority of
patients exhibited small incremental changes.

Mann-Whitney analysis revealed that in the groups 0–3
months, 4 months–1 year and 2–11 years of age, there was no
significant difference in the median change in creatinine in
patients who received nephrotoxins versus those who re-
ceived no nephrotoxins. The difference was significant only
in the group 12–20 years of age (P � 0.02), which had a
median change in creatinine value of 0.20 mg/dL in the
nephrotoxin group versus 0.00 mg/dL in the no nephrotoxin
group.

Interestingly patients without prior exposure to antifun-
gal therapy did not have a more favorable renal outcome than

other patients. Eighty-eight patients for whom data were
available had no prior antifungal therapy or baseline renal
impairment. The overall median rise from baseline serum
creatinine was 0.10 mg/dL, with 28.4 and 10.2% experienc-
ing rises of 1.5 baseline � and 2.5 � baseline, respectively.
Of these patients, 2 (2.3%) required new dialysis.

Serum creatinine data also were analyzed by transplant
status (Table 7). There was no significant difference in
baseline to end-of-therapy serum creatinine values between
the nontransplant and transplant groups. When individual
characteristics were analyzed, there was a statistically signif-
icant rise in serum creatinine in the allogeneic bone marrow
transplant subgroup from baseline (0.9 mg/dL) to the end of
treatment (1.2 mg/dL) (P � 0.0001). However, only 9 of 176
(5%) patients in this subgroup required new dialysis after
treatment. Of 531 patients overall for whom data were evalu-
able for the assessment of the new need for dialysis from start

TABLE 3. Comparison of Concomitant Nephrotoxin Administration Among Age Groups*

Concomitant
Nephrotoxin

0–3 mo
(N � 44)

4 mo–1 yr
(N � 55)

2–11 yr
(N � 221)

12–20 yr
(N � 228)

Total
(N � 548)

No 19 (43.2)† 11 (20.0) 52 (23.5) 73 (32.0) 155 (28.3)
Yes 25 (56.8) 44 (80.0) 169 (76.5) 155 (68.0) 393 (71.7)

*P for Mann-Whitney test: overall, 0.0136; �3 months versus 4 mo–1 year, 0.0131; �3 months versus 2–11 years, 0.0073; �3 months versus 12–20 years, 0.1526; 4 months–1 year
versus 2–11 years, 0.5775; 4 months–1 year versus 12–20 years, 0.0805; 2–11 years versus 12–20 years, 0.0451.

†Numbers in parentheses, percent.

TABLE 4. Concomitant Nephrotoxins Administered to Pediatric Patients*

Concomitant Nephrotoxin

0–3 mo
(N � 44)

4 mo–1 yr
(N � 55)

2–11 yr
(N � 221)

12–20 yr
(N � 228)

n % n % n % n %

FK-506 (Tacrolimus) 21 47.7 43 78.2 140 63.3 110 48.2
Cyclosporine 16 29.1 61 27.6 69 30.3
Tobramycin 7 15.9 19 34.5 73 33.0 31 13.6
Gentamicin 8 18.2 15 27.3 45 20.4 25 11.0
Amikacin 1 2.3 5 9.1 9 4.1 12 5.3
Amphotericin B 2 3.6 12 5.4 8 3.5
Other nephrotoxins 2 3.6 7 3.2 4 1.8
Foscarnet 1 1.8 1 0.5 1 0.4
Amphotericin B colloidal dispersion 1 0.5

*A patient may have received 1 or multiple nephrotoxins.

TABLE 5. Dosing of Amphotericin B Lipid Complex Injection in Pediatric Patients

All 0–3 mo 4 mo–1 yr 2–11 yr 12–20 yr

Total no. 548 44 55 221 228
Duration of therapy (d)

Median 15.0 14.0 15.0 16.0 13.0
Range 1–182 3–62 3–177 1–182 3–152

Starting dose (mg/kg/d)
Median 4.92 2.13 5.0 5.0 4.92
Range 0.1–10.0 0.4–10.0 0.3–10.0 0.2–10.0 0.1–10.0

Peak dose (mg/kg/d)
Median 5.0 2.67 5.0 5.0 5.0
Range 0.4–10.0 0.8–10.0 1.0–10.0 1.0–10.0 0.4–10.0
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of amphotericin B lipid complex injection therapy, only 13
required this procedure (2.4%).

The total number of patients with one or more known
pathogens was 285. Clinical response data were evaluable for
89% (255 of 285). Measurable improvement or eradication of
infection was reported in 54.5% of the 255 evaluable patients
and stable disease in 16.9%, for a total of 71.4% cured �
improved � stable (Table 8). There was a trend toward a
higher response rate in the nontransplant patients versus
transplant recipients (Table 9).

Response rates were also calculated by fungal pathogen
(Table 10). Two hundred eighty-five pathogens were reported
in the 255 evaluable patients (some were infected with
multiple pathogens). Response rates for Candida were 58%
(101 of 174) cured � improved and 72% (125 of 174) cured
� improved � stable. About one-half of the Candida isolates
were Candida albicans, with other identified species includ-

ing the more difficult to treat pathogens Candida parapsilo-
sis, Candida glabrata, Candida tropicalis, Candida krusei
and Candida lusitaniae. For Aspergillus, the response was
39% (27 of 69) cured � improved and 59% (41 of 69) cured
� improved � stable.

A subgroup analysis for only proven Aspergillus infec-
tions by transplant status revealed that amphotericin B lipid
complex injection use resulted in significantly different re-
sponse rates (cured � improved � stable) in the transplant
(48.6%) and nontransplant (71.9%) groups (P � 0.05). How-
ever, the difference was not significant between the 2 groups
for response of cured � improved only (40.5% transplant;
37.5% nontransplant).

DISCUSSION
The management of invasive fungal infections in chil-

dren is based mainly on adult data, owing to a paucity of
clinical trials in children. Many pediatric studies have been
limited by several factors, including small sample size, in-
clusion with adult patient populations or evaluation in largely
empiric therapy trials.9

A subset analysis of a compassionate use study in 556
patients treated with amphotericin B lipid complex injection
has established the efficacy and safety of this agent specifi-

TABLE 6. Amphotericin B Lipid Complex Injection Effect on Renal Function by Age in Evaluable Patients

All 0–3 mo 4 mo–1 yr 2–11 yr 12–20 yr

Baseline serum creatinine (mg/dL; n � 541)
Median 0.8 0.7 0.4 0.6 1.2*
Range 0.1–6.0 0.2–6.0 0.1–2.1 0.2–4.5 0.2–6.0

Serum creatinine at end of therapy (mg/dL; n � 535)
Median 0.9 0.5 0.45 0.6 1.45*
Range 0.1–6.0 0.1–6.0 0.1–4.0 0.2–3.8 0.3–6.0

Serum creatinine
�1.5 � baseline 136 (24.8)† 3 (6.8) 15 (27.3) 59 (26.7) 59 (25.9)
�2.5 � baseline 48 (8.8) 1 (2.3) 5 (9.1) 18 (8.1) 24 (10.5)

Baseline dialysis (n � 543) 15 (2.7) 2 (4.5) 0 (0.0) 4 (1.8) 9 (3.9)
Endpoint dialysis (n � 535) 21 (3.8) 0 (0.0) 1 (1.8) 12 (5.4) 8 (3.5)

*P � 0.001.
†Numbers in parentheses, percent.

FIGURE 1. Histogram of serum creatinine change from base-
line to end of therapy for all patients, in increments of 0.2
mg/dL

TABLE 7. Amphotericin B Lipid Complex Injection-
Associated Renal Toxicity by Transplant Status

Nontransplant Transplant

Total no. 244 297
Serum creatinine at baseline

Median 0.7 0.9
Range 0.1–6.0 0.1–6.0

Serum creatinine at end of therapy
Median 0.6 1.0
Range 0.1–6.0 0.1–6.0

Serum creatinine at end of therapy
(n � 531)

�1.5 � baseline 54 (21.8)* 82 (27.3)
�2.5 � baseline 18 (7.3) 30 (10.0)

*Numbers in parentheses, percent.
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cally in 111 pediatric patients age 21 days–16 years. Of 54
evaluable patients in all fungal infection types, 38 (70%) had
a complete or partial response. No significant changes in
serum creatinine levels occurred from baseline to end of
therapy.9

More recently, Herbrecht et al10 conducted a retrospec-
tive analysis of amphotericin B lipid complex injection use in
46 immunosuppressed children (mean age, 9.7 � 4.8 years)
with documented invasive fungal infections, most of whom
were intolerant of or refractory to amphotericin B. Overall
83% of patients (38 of 46) responded to therapy, with few

adverse effects and no significant changes in serum creatinine
levels during therapy.

In a series of 58 patients ages 9 months–15 years
treated for proven or probable infection with voriconazole in
an open label, compassionate use program, a 45% (26 of 58)
overall response was achieved, with a 43% (18 of 42) re-
sponse in aspergillosis patients.11 Three patients experienced
abnormal vision (photophobia, blurred vision), and 3 experi-
enced a photosensitivity reaction.11 The safety and efficacy of
voriconazole in pediatric patients (younger than 12 years of
age) have not been established in clinical trials. Mild visual

TABLE 8. Clinical Response According to Age in Evaluable Patients With Documented Fungal Infection (N � 255)

Clinical Response All
(n � 255)

0–3 mo
(n � 32)

4 mo–1 yr
(n � 19)

2–11 yr
(n � 87)

12–20 yr
(n � 117)

Cured 74 (29.0)* 19 (59.4) 6 (31.6) 23 (26.4) 26 (22.2)
Improved 65 (25.5) 4 (12.5) 6 (31.6) 24 (27.6) 31 (26.5)
Stable 43 (16.9) 3 (9.4) 5 (26.3) 19 (21.8) 16 (13.7)
Deteriorated 73 (28.6) 6 (18.8) 2 (10.5) 21 (24.1) 44 (37.6)
Cured � improved 139 (54.5) 23 (71.9) 12 (63.2) 47 (54.0) 57 (48.7)
Cured � improved � stable 182 (71.4) 26 (81.3) 17 (89.5) 66 (75.9) 73 (62.4)

*Numbers in parentheses, percent.

TABLE 9. Clinical Response According to Transplant Status in Evaluable Patients With Documented Fungal Infection
(N � 255)

Clinical Response

Nontransplant vs Transplant

All
(n � 255)

Nontransplant
(n � 139)

Transplant*
(n � 116)

Cured 74 (29.0)† 45 (32.4) 29 (25.0)
Improved 65 (25.5) 39 (28.1) 26 (22.4)
Stable 43 (16.9) 27 (19.4) 16 (13.8)
Deteriorated 73 (28.6) 28 (20.1) 45 (38.8)
Cured � improved 139 (54.5) 84 (60.4) 55 (47.4)
Cured � improved � stable 182 (71.4) 111 (79.9) 71 (61.2)

*Includes bone marrow transplant and solid organ transplant.
†Numbers in parentheses, percent.

TABLE 10. Response to Amphotericin B Lipid Complex Injection by Documented Fungal Pathogens*

Infection n Cured Improved Stable Deteriorated Cured �
Improved

Cured � Improved
� Stable

Aspergillus 69 6 (8.7)† 21 (30.4) 14 (20.3) 28 (40.6) 27 (39.1) 41 (59.4)
Candida 174 65 (37.4) 36 (20.7) 24 (13.8) 49 (28.2) 101 (58.0) 125 (71.8)
Fusarium 5 — 2 (40) 1 (20) 2 (40) 2 (40) 3 (60)
Zygomycetes 4 — 2 (50) 1 (25) 1 (25) 2 (50) 3 (75)
Cryptococcus 1 — 1 (50) — 1 (50) 1 (50) 1 (50)
Coccidioides 1 — — — 1 (100) — —
Histoplasma 3 — 3 (100) — — 3 (100) 3 (100)
Blastomyces 2 — 1 (50) — 1 (50) 1 (50) 1 (50)
Saccharomyces 2 — — 1 (100) — — 1 (100)
Trichosporon 2 1 (50) — — 1 (50) 1 (50) 1 (50)
Cladosporium 1 — 1 (100) — — 1 (100) 1 (100)
Trichoderma 1 1 (100) — — — 1 (100) 1 (100)
Penicillium 1 — 1 (100) — — 1 (100) 1 (100)
Other yeast, unspecified 18 4 (22.2) 3 (16.7) 6 (33.3) 5 (27.8) 7 (38.9) 13 (72.2)
Aureobasidium 1 1 (100) — — — 1 (100) 1 (100)

*Pathogen n totals 285 in 255 evaluable patients.
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disturbances, a concern in pediatric patients and a distinctive
toxicity of voriconazole, occur in �30% of patients in pro-
spective controlled clinical trials.12

Liposomal amphotericin B also has been evaluated in a
small, retrospective analysis involving 14 children, age 1–16
years, with proven or suspected fungal infection, mostly
Candida species. Clinical response was 86% (12 of 14).4

There is a dearth of published experience in pediatric
patients with caspofungin. Franklin et al13 reported the safety
of caspofungin in 25 pediatric oncology patients but were
unable to directly infer efficacy from the study design.

In summary, there are few published trials of efficacy
of antifungal therapy in pediatric patients failing primary
treatment. The majority of these trials reported low numbers
of patients. The pediatric data in CLEAR represent the largest
clinical experience of an antifungal agent in children and
adolescents. Of particular interest is the experience in allo-
geneic bone marrow or solid organ transplant patients, given
that nephrotoxic immunosuppressive therapy is commonly
coadministered and may increase risk for mortality from
invasive fungal disease.

The high response rates achieved in a salvage setting
are encouraging. Even in the higher risk transplant patients,
responses of 47% (cured � improved) and 61% (cured �
improved � stable) were seen (Table 9).

Clinicians from each institution contributing to CLEAR
made their own assessments about responses, based on clin-
ical, microbiologic and radiographic data, and were encour-
aged to use the criteria set forth by the Mycoses Study Group.
No additional information was collected on stable patients
once therapy was completed; however, patients with fungal
infections who are stabilized on treatment either continue
clinical improvement and survive or progress and die of the
infection or infection-related complications. “Stable disease,”
defined as no worsening of the disease, was considered an
acceptable outcome in CLEAR. Given that these patients
received a median of 17 days of therapy and that switching to
an alternative agent would have constituted failure, this
assumption appears justified.

CLEAR provided substantial data on the renal effects
of amphotericin B lipid complex injection; however, the
database did not collect information on infusional toxicities
or allergic reactions. These were documented via other means
before drug approval. With the exception of the modest
increase in serum creatinine in the allogeneic bone marrow
transplant patients, amphotericin B lipid complex injection
was relatively renal sparing, even when used in a salvage
setting. Despite an average increase in serum creatinine of 0.3
mg/dL in the bone marrow transplant subgroup, the clinical
impact was negligible, as evidenced by the low incidence of
dialysis in all patients. The largest percentage of patients in
whom serum creatinine increased to �2.5 � the baseline
value was in the group of age 12–20 years. A total of 10.5%

of patients (24 to 228) experienced this magnitude increase in
serum creatinine, but in fact the number of patients in this age
group requiring dialysis actually decreased by the end of
therapy, suggesting that the increase in serum creatinine was
not clinically significant. Of interest is the high percentage of
patients with no prior therapy who had a �1.5-fold rise from
baseline serum creatinine compared with the group with prior
therapy. This suggests that de novo treatment in children with
amphotericin B lipid complex injection will cause an initial
rise in serum creatinine over the course of the first 7–10 days
of therapy but then creatinine levels stabilize, characteristic
of the pretreated patients. This is historically not true of
conventional amphotericin B deoxycholate. The low dialysis
rate in the pediatric subgroup (2.4%) is encouraging com-
pared with published data for conventional amphotericin
B.14,15

Of particular value, the CLEAR registry focused on
pediatric transplant recipients as a high risk group. The ability
of amphotericin B lipid complex injection to control infection
in transplant recipients is especially encouraging.

In summary, the results of the pediatric CLEAR subset
confirm prior reports of efficacy and safety associated with
amphotericin B lipid complex use in children. The overall
efficacy and safety of amphotericin B lipid complex injection
in this population suggest that the drug should be considered
as an alternative to amphotericin B deoxycholate as a stan-
dard for antifungal therapy in pediatric patients with evidence
of modest renal toxicity.16
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