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Micafungin (FK463) is a new parenteral echinocandin. A multicenter, phase I, open-label, sequential-group
dose escalation study was conducted to assess the safety, tolerability, and pharmacokinetics of micafungin in
neutropenic pediatric patients. A total of 77 patients stratified by age (2 to 12 and 13 to 17 years) received
micafungin. Therapy was initiated at 0.5 mg/kg per day and escalated to higher dose levels of 1.0, 1.5, 2.0, 3.0,
and 4.0 mg/kg per day. Micafungin was administered within 24 h of initiating broad-spectrum antibacterial
antibiotics for the new onset of fever and neutropenia. The most common overall adverse events in the study
population were diarrhea (19.5%), epistaxis (18.2%), abdominal pain (16.9%), and headache (16.9%). Nine
patients (12%) experienced adverse events considered by the investigator to be possibly related to the study
drug. The most common related events were diarrhea, vomiting, and headache, all occurring in two patients
each. There was no evidence of a dose-limiting toxicity as defined within the prespecified criteria of this clinical
protocol. There was one death during the study due to septic shock. The pharmacokinetic profiles for
micafungin over the 0.5- to 4.0-mg/kg dose range demonstrated dose linearity. Clearance, volume of distribu-
tion, and half-life remained relatively constant over the dose range and did not change with repeated admin-
istration. The overall plasma pharmacokinetic profile was similar to that observed in adults. However, there
was an inverse relation between age and clearance. For patients 2 to 8 years old, clearance was approximately
1.35 times that of patients =9 years of age. In summary, micafungin over a dosage range between 0.5 and 4.0
mg/kg/day in 77 febrile neutropenic pediatric patients displayed linear pharmacokinetics and increased

clearance as a function of decreasing age.

Advances in cytotoxic chemotherapy, transplantation proce-
dures, and supportive care have increased survival in children
with leukemia and other neoplasms (4, 11, 28). However, in-
vasive fungal infections remain an important cause of infec-
tion-related mortality and morbidity in pediatric patients (1, 6,
9, 14). Recent advances in the early diagnosis, prevention, and
treatment of fungal infections offer hope to these patients (2,
10, 13). Among the newer classes of antifungal compounds are
the echinocandins, which have offered broad-spectrum activity
and a favorable safety profile in adult patients (3).

Currently, the two most common invasive fungal infections
in neutropenic adult and pediatric patients are caused by Can-
dida spp. and Aspergillus spp. Micafungin (FK463; Fujisawa
Healthcare, Inc., Deerfield, IL) is an intravenous antifungal
compound of the echinocandin class. Micafungin acts by in-
hibiting the production of 1,3-B-p-glucan, a key component in
fungal cell wall synthesis (12). A semisynthetic lipopeptide,
micafungin possesses in vitro and in vivo activity against a
broad spectrum of Candida and Aspergillus species, including
activity against azole-resistant Candida (8, 15, 17-19, 21). Al-
though the safety and plasma pharmacokinetics of micafungin
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have been studied in animal models (7, 19) and in adult pa-
tients (20), little is known about the properties of this echino-
candin in pediatric patients.

We therefore conducted a multicenter study to determine
the safety, tolerability, and plasma pharmacokinetics of mica-
fungin in neutropenic pediatric patients at doses of 0.5 mg/kg
per day and higher. This study provides a rationale for dosing
in pediatric patients and further establishes the foundation for
randomized trials designed to investigate the efficacy of mica-
fungin in prevention and treatment of invasive fungal infec-
tions in high-risk pediatric oncology patients.

MATERIALS AND METHODS

Study design. This phase I, open-label, sequential-group dose escalation study
was conducted with pediatric patients aged 2 to 17 years at seven institutions in
the United States. All relevant federal guidelines and institutional policies for
conduct of clinical trials were followed. The protocol was approved by each
participating institution’s review board. Approximately eight patients in each age
group (2 to 12 and 13 to 17 years) were to be studied per dosage level with a
planned enrollment of 96 patients in all, and the dosage levels were as follows (16
patients at each of six dosage levels): 0.5, 1.0, 1.5, 2.0, 3.0, and 4.0 mg/kg per day.
Micafungin was initiated as early empirical antifungal therapy within 24 h of the
administration of broad-spectrum antibacterial agents for the new onset of fever
in neutropenic pediatric patients considered to be at high risk for invasive fungal
infections as defined by enrollment criteria. The strategy of initiation of antifun-
gal therapy in high-risk neutropenic patients at the onset of new fever has been
demonstrated to significantly reduce the development of invasive fungal infec-
tions (26, 27).
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The first eight patients in each age group received micafungin at a dose of 0.5
mg/kg per day. Escalation to higher dose levels of 1.0, 1.5, 2.0, 3.0, and 4.0 mg/kg
per day continued until a dose-limiting toxicity was observed. A minimum of
seven patients who received at least three dosages at a dosage level and age
cohort was required for assessment of toxicity before escalating to the next
dosage level. A dose-limiting toxicity was defined as any grade 3 or higher toxicity
(National Cancer Institute Common Toxicity Criteria, version 1 [http://www.fd-
a.gov/cder/cancer/toxicityframe.htm]) considered at least probably related to the
study drug occurred in at least two patients at that dosage level. Dose escalation
within each age group was conducted independently.

Patient selection. Neutropenic patients (absolute neutrophil count, <500 cells/
mm?) 2 to 17 years of age met the inclusion criteria for treatment if one of the
following conditions was present: leukemia or lymphoma, except patients on
maintenance chemotherapy; bone marrow or peripheral stem cell transplant;
chemotherapy anticipated to induce >10 days of neutropenia; aplastic anemia;
or myelodysplastic syndrome. Patients must have been febrile and have received
broad-spectrum empirical antibacterial therapy for the current episode of fever
and neutropenia. Exclusion criteria included elevated serum transaminases (as-
partate aminotransferase [AST] or alanine aminotransferase [ALT] level of >2.5
times the upper limit of normal) or elevated serum bilirubin (>2.5 times the
upper limit of normal), evidence of a deep or disseminated fungal infection prior
to enrollment, receipt of intravenous amphotericin B within 72 h of study entry,
the need for treatment with a systemic antifungal agent other than micafungin,
a history of anaphylaxis attributable to the echinocandin class of antifungal
agents, a concomitant condition that would create a risk for the patient, or
administration of an investigational drug other than those for the treatment of
cancer or supportive care. Finally, patients were not permitted to be pregnant or
nursing.

Procedures. Parents or guardians provided written informed consent. Patients
underwent physical examination, clinical assessments for possible invasive fungal
infection, and blood collection for determination of baseline clinical laboratory
profiles. Vital signs were recorded within 1 h prior to the first dose, within 60 min
after administration of micafungin for the first 3 days, and at the first-week
posttreatment assessment. Blood for hematology and serum chemistry profiles
was collected within 24 h before the first dose of micafungin, on days 3, 5, and 7,
and then twice weekly during dosing, at the end of study drug therapy, and at the
1-week posttreatment assessment. Absolute neutrophil count was measured daily
during therapy.

An adverse event (AE) was defined as any reaction, side effect, or other
untoward event, regardless of relationship to study drug, that was not present at
baseline and that occurred during the conduct of the clinical trial. Treatment-
emergent adverse events with onset after the first administration of micafungin
through 72 h after the last dose were recorded. Ongoing adverse events were
followed for as long as necessary until the event resolved or stabilized. Patient
survival was followed for 1 month after the last dose. Deaths occurring within 1
month after discontinuation of study drug were reported as a serious adverse
event.

Safety monitoring. The medical monitor (D.H.B.) initially reviewed the safety
data (adverse events and laboratory parameters) in order to ensure that the
maximum tolerated dose criteria had not been fulfilled before escalating to the
next dosage cohort. These safety findings were then thoroughly reviewed and
discussed with the protocol chair and investigators before escalation to the next
cohort.

Pharmacokinetic sampling. Blood samples (2 ml) for plasma separation were
collected for determination of pharmacokinetic parameters on days 1 and 4 of
study drug dosing at 0 h (predose), 60 min (end of infusion), 90 min, and 2, 4, 6,
8, 10, and 24 h (before the next dose). Blood samples were obtained from a port
site separate from that used to administer study drug.

Assay methodology. Plasma concentrations of micafungin and two metabolites
(M1 and M2) were assayed using a validated high-performance liquid chroma-
tography method with a fluorescence detection system. Acidified plasma samples
were precipitated with acetonitrile and centrifuged prior to dilution with buffer
and injection into a high-performance liquid chromatography system. Separation
of micafungin, M1, and M2 was achieved with a reverse-phase TSK-GEL ODS80
column (TosoHaas, Montgomeryville, PA). The analytes were quantified by
fluorescence. The lower limit of quantitation for micafungin was 0.05 wg/ml in
plasma. Quantitation was based on the ratio of the peak height response of the
compound to the peak height of the internal standard, FR195743, an analogue of
FK463. Eight-point standard curves (range of concentrations, 0.05 pg/ml to 25
pg/ml for FK463 and 0.05 pg/ml to 25 pg/ml for M1 and M2) were linear, with
rvalues greater than 0.996; the linear least-squares regression was weighted 1/x.
Accuracies were within =12%. Quality control samples analyzed with each
analytical run had coefficients of variation less than or equal to 11.54% for
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FK463, 14.87% for M1, and 6.34% for M2. All individual sample concentration
data reported for FK463 and metabolites M1 and M2 were within the statistical
performance of the assay.

Treatment. Micafungin, administered intravenously once daily as a 1-hour
infusion, was initiated within 24 h of the start of broad-spectrum antibacterial
therapy for the new onset of fever and neutropenia. Patients received 0.5 mg/kg
per day (not to exceed 25 mg per day), 1 mg/kg per day (not to exceed 50 mg per
day), 1.5 mg/kg per day (not to exceed 75 mg per day), 2.0 mg/kg per day (not to
exceed 100 mg per day), 3.0 mg/kg per day (not to exceed 150 mg per day), or 4.0
mg/kg per day (not to exceed 200 mg per day). Micafungin was to be adminis-
tered until recovery from neutropenia (absolute neutrophil count, =250 cells/
mm?). The maximum length of time a patient could receive micafungin was 4
weeks. If a patient developed a proven or probable systemic fungal infection or
if a patient required another systemic antifungal agent for empirical therapy,
micafungin was discontinued. The requirement for empirical antifungal therapy
was based on the participating institution’s protocol. The duration of follow-up
for monitoring for emergence of posttreatment invasive fungal infections was 1
week.

Criteria for evaluation. The data set for the primary analysis included all
patients who received at least one dose of the study drug. Safety parameters
included treatment-emergent adverse events, laboratory measurements, and
changes in vital signs. Dose-limiting toxicity was reached if two separate patients
at the same dosage level and age group developed the same National Cancer
Institute grade 3 or greater toxicity and if toxicity was considered at least prob-
ably related to the study drug. Because the trial was primarily designed to be a
study of safety and pharmacokinetics, no primary efficacy endpoint was estab-
lished. Efficacy parameters included frequency of emergent fungal infections
during treatment and posttreatment periods and a requirement for empirical
antifungal therapy.

Statistical methods. At each dosage level within each age group, and for both
age groups combined, the rates of treatment-emergent adverse events, serious
adverse events, and those events related to micafungin were summarized. The
rate of invasive fungal infections at the end of therapy, the proportion of patients
with invasive fungal infections during the posttreatment period, and the propor-
tion of patients requiring additional systemic antifungal therapy during the post-
treatment period were calculated.

The pharmacokinetic profiles for micafungin were computed from the drug
concentration-time data using noncompartmental methods (5) using a reduced
data set where outlier concentrations were removed. The peak drug concentra-
tion (C,,.,) and time of peak drug concentration were obtained directly from the
observed data. The terminal elimination rate constant (k) was obtained from a
log-linear regression of the plasma concentration compared to time data in the
terminal postdistribution phase. The elimination half-life (¢,,,) was calculated
from 0.693/k.,. The area under the plasma drug concentration-versus-time curve
(AUC_,4) and the area under the moment curve from 0 to 24 h (AUMC,_,,)
were calculated by the log-linear trapezoidal rule. The area under the plasma
drug concentration-versus-time curve from time zero to time infinity (AUC,_..)
was obtained from the following equation: AUC, ,, + C,/k.;, where C, was the
last measurable concentration and k., was the terminal elimination rate constant.
The total body clearance (CL) for micafungin on day 1 and day 4 was obtained
from the equations dose/AUC,_, and dose/AUC,_,, (presumed steady state,
where 24 h was the dosing interval), respectively. The volume of distribution (V)
for micafungin was calculated as follows: V' = CL/k,,. The steady-state volume of
distribution (V) was calculated from the product of CL and the mean residence
time. The mean residence time was obtained from the following equation:
(AUMC,_./AUC,_..) T/2, where AUMC,_.. was extrapolated from [(C, X 1)/k,
+ C/k.’] and where T was the infusion time, all other terms having been
previously defined.

Prior to the analysis, drug concentration data and case report forms were
reviewed for outliers or documentation about errors in the timing of blood
samples or drug infusion or contamination of blood samples. Based on this
review, mistiming was found and selected drug concentration values were ex-
cluded for five patients. The second step was to apply a method described
previously by Tukey (22). Tukey defined “outer fences” that are three times the
interquartile range above the upper (75th percentile) quartile and three times
the interquartile range below the lower (25th percentile) quartile. This proce-
dure was applied to the set of data for each time point for the patients in each
dosage group.

RESULTS

Patients. Between November 1998 and August 2000, 78 pa-
tients were enrolled in the study (Table 1). Due to slower-than-
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TABLE 1. Patient characteristics

Dose (mg/kg) cohort

Characteristic Total
0.5 1.0 15 2.0 3.0 4.0
Group”
2 to 12 years 8 10 9 12 10 8 57
13 to 17 years 8 8 4 * * * 20
All enrolled patients 16 18 13 12 10 8 77
Gender, age, and wt
No. male (%) 10 (63) 12 (67) 7 (54) 6 (50) 5(50) 4 (50) 44 (57)
No. white (%) 12 (75) 11 (61) 9 (69) 10 (83) 10 (100) 6 (75) 58 (75)
Mean age (yr) =SD 9.9 £ 5.54 10.5 = 4.97 9.2 =480 79 =271 7.8 = 3.36 6.4 =277 9.0 = 4.49
Mean wt (kg) =SD 38.6 = 19.59 459 = 3291 36.7 = 18.33 29.5 = 11.98 309 = 13.18 28.0 = 11.61 36.5 + 21.59
No. of patients (%) with
underlying neoplastic
diseases”
ALL 4(25) 6(33) 5@39) 4(33) 4 (40) 2(25) 25 (33)
Solid tumor 5(31) 6(33) 2 (15) 5(42) 2 (20) 2 (25) 22 (29)
AML 3(19) 4(22) 0 (0) 1(8) 3(30) 0(0) 11 (14)
NHL 2 (13) 0(0) 0(0) 2(17) 1(10) 3(38) 8 (10)
Other 2(13) 2(11) 6 (46) 0 (0) 0 (0) 1(13) 11 (14)

“ Due to slower-than-expected enrollment in the 13- to 17-year age group, entry of patients in this age group was terminated after full patient accrual in the 4.0-mg/kg

per day dosage level of the 2- to 12-year age group (indicated by asterisks).

® ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; NHL, non-Hodgkin’s lymphoma.

expected enrollment in the 13- to 17-year age group, entry of
patients in this age group was terminated after full patient
accrual in the 4.0-mg/kg/day dosage level of the 2- to 12-year
age group. Of the 78 patients participating in the study, 58
were in the 2- to 12-year group and 20 were in the 13- to
17-year group. Patients in the 2- to 12-year age group received
the full range of dosages from 0.5 to 4.0 mg/kg per day, while
patients in the 13- to 17-year age cohort received 0.5 to 1.5
mg/kg per day. The primary analysis set consisted of the 77
patients who received at least one dose of the study drug.
These patients (44 males and 33 females) had a mean (*stan-
dard deviation) age of 9.0 = 4.49 years. The mean age of the
patients in the 2- to 12-year age cohort was 6.9 * 3.05 years;
the mean age for patients in the 13- to 17-year age group was
15.0 = 1.34.

A total of 27 (35%) patients were recipients of an allogeneic
stem cell transplant (n = 19) or an autologous stem cell trans-
plant (n = 8). Approximately one-half of the patients (39/77
[51%]) had initial active disease at the time of entry into the
study, 33% (n = 25) were in remission, and 17% (n = 13) were
in relapse.

Study drug administration. The mean duration of study
drug administration was 6.6 + 4.81 days (range, 1 to 27 days).
There was no difference in the mean duration of study drug
exposure in each individual age group compared to the overall
exposure.

Safety. Overall, mean serum AST, ALT, total bilirubin, and
alkaline phosphatase levels remained unchanged from baseline
(prior to the first dose of micafungin) to the end of study drug
therapy. Two patients, both of whom were 13 to 17 years of age
and receiving micafungin at 0.5 mg/kg per day, experienced
modest increases in liver-related laboratory parameters that
were assessed by the investigator to be possibly related to study
drug. The first patient experienced a transient increase in ALT
from 61 U/liter at baseline to 104 Ul/liter on day 3 that resolved

on day 3. The second patient experienced an increase in total
bilirubin from 2.7 mg/dl on day 8 to 3.2 mg/dl on day 17. There
was no evidence of nephrotoxicity noted in any study patients.
Mean serum creatinine levels did not change from baseline
(0.39 = 0.11 mg/dl) to the end of therapy (0.38 = 0.13 mg/dl),
nor were there any clinically significant changes in mean values
from baseline to the end of therapy observed for any other
laboratory parameters.

Tolerability. A total of 68 (88%) patients experienced at
least one adverse event during study drug therapy. The most
frequently occurring adverse events regardless of causality
were diarrhea (19%), epistaxis (18%), abdominal pain (17%),
headache (17%), vomiting (17%), chills (16%), mucositis
(16%), and rash (14%). There was no apparent association
with age or study drug dosage and the frequency or type of
adverse event. Nine patients (12%) experienced adverse events
considered by the investigator to be possibly related to micaf-
ungin. The most frequent related events were diarrhea, vom-
iting, and headache, occurring in two patients each; all other
related events occurred in one patient each. Based on the
National Cancer Institute Common Toxicity Criteria, all but
three of the attributable events were grade 1 or 2 in severity.
The three grade 3-related events were vomiting, headache, and
hyperbilirubinemia. The patient who experienced hyperbiliru-
binemia was a 15-year-old female who received an allogeneic
stem cell transplant for relapsed acute myelogenous leukemia.
Her total bilirubin was 2.0 mg/dl on day 1 (first day of dosing),
1.2 mg/dl on day 4, 2.1 mg/dl on day 6, and 2.7 mg/dl on day 8
(1 day after the last dose of 0.5 mg/kg micafungin). Eleven
patients (14%) experienced mild to moderate rash, and seven
patients (9%) experienced mild to moderate pruritus; none of
these conditions was considered to be related to micafungin.

Serious adverse events. There was one death during the
study. A 9-year-old female patient receiving treatment for Ew-
ing’s sarcoma and primitive neuroectodermal tumors died on
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FIG. 1. Mean plasma concentration-time profiles of micafungin in neutropenic pediatric patients between 2 and 17 years of age (day 4).

day 8 after receiving 4 days of micafungin at 2.0 mg/kg. The
patient died due to septic shock that was considered unrelated
to study drug or a fungal infection.

Maximum tolerated dose assessment. There was no dose-
limiting toxicity observed. The maximum tolerated dose was
not obtained as defined by the prespecified parameters of this
study’s protocol.

Pharmacokinetics. A total of 73 patients, who had data for
plasma concentrations of micafungin, were included in the
analysis. The mean plasma micafungin concentration-versus-
time profiles obtained from all patients on days 1 and 4 at
doses of 0.5, 1.0, 1.5, 2.0, 3.0, and 4.0 mg/kg/day declined in a
biexponential manner postinfusion (Fig. 1).

Table 2 demonstrates that there did not appear to be any
significant difference in plasma half-life or other pharmacoki-
netic parameters over time or across dosage cohort. For ex-
ample, the range across the dosage cohorts of the mean ter-
minal #,,, values measured from the data from day 1 was 11.6
to 13.2 h, and the range from the data from day 4 was 12.2 to
17.3 h. Mean values of CL and V, also remained constant
across dosage groups, indicating no change in the systemic
disposition of micafungin across the dose range of 0.5 to 4.0

mg/kg. None of these values changed appreciably with re-
peated administration.

On day 1, the C,,,, and AUC,_,, values, although variable,
increased in an approximately dose-proportional linear fash-
ion. On day 4 (presumed steady state), both mean C,,, and
mean AUC,_,, values correlated more closely with dose in a
linear fashion and were higher relative to those on day 1 (Fig.
2 and 3). The variability found between the day 1 and day 4
mean CL and Vg values was minimal. Furthermore, the mean
CL and V values remained constant across the dosage range.

Pharmacokinetic profiles obtained on days 1 and 4 for the
two predefined age cohorts (2 to 12 and 13 to 17 years) were
relatively consistent with mean data derived from both groups
combined. However, mean estimates of CL and V, were nu-
merically greater and C,,, and AUC were numerically smaller
in the 2- to 12-year-old group, although the values spanned
similar ranges as those in the 13- to 17-year-old group. Indi-
vidual CL values evaluated as a function of age revealed that
patients <8 years old had CL rates for micafungin that were on
the average 1.5 to 2.0 times greater than rates in pediatric
patients 8 years of age and older (Fig. 4).

To better understand the effect of age on the pharmacoki-

TABLE 2. Pharmacokinetic parameters for plasma micafungin concentrations”

D{:ﬂz /ﬁ;’)se No. of patients  Study day ~ Cpx (ng/ml)  AUC, o4 (h - pg/ml)  AUGC,_.. (h - pg/ml) ty () CL (ml/h/kg)  V, (liter/kg)
0.5 15 1 37+1.0 19.0 = 1.9 259+28 126 0.7 227%26 039 +0.051
16 4 6.4+ 1.4 279 %23 383 +3.6 123+10 194+20 032+ 0.031

1.0 16 1 10.8 + 1.9 403 * 3.5 524 +47 12511 21.8+24 033 =0.039
11 4 162 +3.8 524+ 46 782 * 10.0 173 +31  206=20 039 +0.068

15 13 1 132 +3.1 794 125 106.8 + 16.7 128+11 174%32 027 =0.037
10 4 16.3 + 2.5 100.6 = 10.1 143.8 = 20.7 129+17 165%=25 028 =0.045

2.0 11 1 153 £ 3.8 83.0 = 7.4 113.8 = 16.0 132+20 208+29 031 =*0.023
8 4 214 +97 943 * 163 1323 £ 27.1 122+07 243x47 042 %0077

3.0 9 1 358 7.1 162.9 + 19.8 206.6 = 23.0 11.7+06 159x16 024 =0.030
5 4 30.4 + 8.9 190.5 = 24.6 264.8 = 40.0 13212  17.0=25 029 = 0.034

4.0 7 1 303 + 6.9 191.4 +21.2 2471 +23.8 11.6 1.0 174+25 028 =0.053
7 4 435+92 301.9 = 42.7 415.9 *+ 56.0 135+15 142%23 026 +0.043

“ Values are expressed as mean * standard error of the mean.
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FIG. 2. Individual maximum plasma concentration (C,,,,) values of micafungin in neutropenic pediatric patients between 2 and 17 years of age

as a function of micafungin dose on days 1 and 4.

netic disposition of micafungin, pairwise comparison of the
pharmacokinetic parameters was performed for the age groups
2 to 8 years old and 9 to 17 years old. CL (0.385 = 0.15 versus
0.285 = 0.12 ml/min/kg for 2 to 8 years and 9 to 17 years,
respectively) and V, (0.35 = 0.18 versus 0.28 = 0.09 liters/kg)
were significantly greater and ¢,, (11.6 % 2.8 versus 13.3 *
4.3 h) was significantly shorter in patients 2 to 8 years of age
compared to those 9 to 17 years of age.

Efficacy. One patient enrolled into this study developed a
documented invasive fungal infection. This patient was a 15-
year-old female who received 0.5 mg/kg per day who died after
completing the study. This patient received her last dose of
study drug on day 14 and completed the study on day 22 with
no evidence of a fungal infection; no additional antifungals
were administered. On day 33, the patient died; autopsy re-
vealed pulmonary aspergillosis. Micafungin was discontinued
in one patient in the 13- to 17-year age group 0.5-mg/kg/day
cohort on day 7 due to persistent fever and neutropenia and

was initiated on amphotericin B on day 9. A computed tomog-
raphy scan of the chest on day 14 revealed nodular densities in
the left lower lobe of the lung, consistent with either fungal
pneumonia or leukemic infiltrate. No further procedures were
performed to characterize these infiltrates. The patient was
alive at the end of the study.

By the end of therapy, 21 patients (27%) had a suspected
deeply invasive fungal infection, defined as the initiation of
empirical amphotericin B for persistent fever and neutropenia
despite broad-spectrum antibiotics. In both age groups of pa-
tients, fewer than 30% of patients received empirical antifun-
gal therapy (30% [17/57] and 20% [4/20], respectively). There
was no apparent relationship with dose.

DISCUSSION

This trial was designed to evaluate the safety, tolerability,
and plasma pharmacokinetics of micafungin in pediatric pa-
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FIG. 3. Individual plasma AUC,_,, values of micafungin in neutropenic pediatric patients between 2 and 17 years of age as a function of
micafungin dose on days 1 and 4.
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FIG. 4. Individual plasma clearance values of micafungin in neutropenic pediatric patients as a function of age on day 4 over the micafungin

dose range (0.5 to 4.0 mg/kg/day).

tients in two age cohorts with increasing doses. A maximum
tolerated dose was not identified within the protocol-specified
criteria in this study. There were also no dose-related adverse
events in either age group, a finding consistent with two pre-
vious studies of micafungin in adult bone marrow transplant
patients (J. Hiemenz, P. Cagnoni, D. Simpson, S. Devine, and
N. Chao, Abstr. 39th Intersci. Conf. Antimicrob. Agents Che-
mother., abstr. 1648, 1999; R. Powles, B. Sirohi, R. Chopra, N.
Russel, and H. G. Prentice, Abstr. 41st Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. 676, 2001). Most adverse
events were mild to moderate in intensity and were expected
given the patient population. There was no attributable neph-
rotoxicity or infusion-related toxicity. No allergic or histamine-
like reactions to micafungin were noted. Evidence of hepato-
toxicity was minimal.

The absence of dose-limiting toxicity at 4 mg/kg/day in this
pediatric trial is compatible with laboratory animal toxicity
studies. Results in animals administered micafungin indicate
that only at comparatively high dosages was toxicity observed
(Investigator’s Brochure, Micafungin [FK463; Fujisawa
Healthcare, Inc., Deerfield IL]). For example, only at dosages
=32 mg/kg were rats observed to have adverse reactions, which
consisted of increased plasma histamine concentrations and
increased heart rate. At a dosage of 100 mg/kg, adverse reac-
tions included loss of urinary electrolytes, tremor, hypotonia,
and loss of reflexes. The lethal dosage of micafungin in rats was
125 mg/kg in males and 250 mg/kg in females. A dosage of 200
mg in dogs produced palpebral swelling and flushing, flushing
of the ear auricle and skin, decreased hemoglobin and hemat-
ocrit, and increased plasma AST, ALT, and total bilirubin
levels. Multiple-dose studies demonstrated adverse laboratory
results at 32 mg/kg consisting of elevated AST, ALT, total
bilirubin, and blood urea nitrogen levels.

The safety data in this pediatric clinical trial are compatible
with those of the randomized double-blind trial of micafungin
versus fluconazole for prophylaxis during neutropenia in he-
matopoietic stem cell transport recipients (23). Among the 425

patients receiving micafungin and 457 patients receiving flu-
conazole (23), a total of 64 (15.1%) micafungin-treated pa-
tients and 77 (16.8%) fluconazole-treated patients experienced
an adverse event that was considered by the investigator to
have some relation to study drug. Study drug administration
was interrupted for adverse events in 2.8% of micafungin-
treated patients and 2.4% of fluconazole-treated patients.
Fewer micafungin-treated patients discontinued study drug
due to an adverse event (4.2% for micafungin and 7.2% for
fluconazole [P = 0.058]). Moreover, there were no significant
differences in any single AE, including markers of hepatic and
renal injury, between micafungin and fluconazole. Further-
more, there were no differences in infusion-related AEs. There
also were no significant differences in the frequency of related
AE:s in pediatric patients compared with those in adults in this
double-blinded trial. However, as the current study enrolled 77
pediatric patients for a mean of 6 days, one should be cautious
in drawing definitive conclusions on safety and tolerability in
children that may become apparent only when larger numbers
are studied for a longer period of time.

The overall pharmacokinetic profile of micafungin in all
febrile neutropenic pediatric patients enrolled in this study was
consistent with that obtained in healthy adults and adult bone
marrow transplant patients.

However, patients between 2 and 8 years of age exhibited
clearance values approximately 1.3 to 1.5 times greater than
those for adult patients, while patients between 9 and 17 years
of age had clearance rates comparable to those of adult bone
marrow transplant patients. Mean CL values from the older
pediatric patients were consistent with values obtained from
adult bone marrow transplant patients (13.6 ml/h/kg) who re-
ceived micafungin at a dosage of 12.5 to 200 mg per day
(Hiemenz et al., 39th ICAAC). As this study demonstrated
linear plasma pharmacokinetics over the dosage range exam-
ined, the relationship of clearance = dose/AUC pertains.
Given that the clearance in the younger cohort is approxi-
mately 1.35 to 1.5 times that of adults, a dosage 1.5 times that
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of adults would be appropriate in order to achieve similar drug
exposure. Thus, if one anticipated administering an adult-
equivalent dosage to children 2 to 8 years old of 2 mg/kg or 3
mg/kg, one would use 3 mg/kg or 4.5 mg/kg, respectively, in
order to achieve comparable exposure.

Such adjustments of dosage for pediatric patients with
greater clearance and reduced exposure in comparison to
those of adults have been recommended for fluconazole (16),
voriconazole (25), and caspofungin (24). A dosage of 12 mg of
fluconazole/kg is recommended in pediatric patients for com-
parable exposure to that obtained with the adult dosage of 400
mg/day. A dosage of 50 mg/m? of caspofungin is recommended
in pediatrics for comparability of exposure to the 50-mg dosage
in adults. In addition, the dosage of voriconazole in pediatric
patients displays linear plasma pharmacokinetics, while that of
adults demonstrates saturation kinetics. These differences are
associated with significantly greater clearance rates and re-
duced AUCs in pediatric patients receiving voriconazole in
comparison to those of adults. Current studies are under way
for voriconazole in order to further define optimal dosing to
achieve drug exposure comparable to that of adults.

Assessment of the frequency of invasive fungal infections
emerging on study drug and frequency of the use of empirical
antifungal therapy were prespecified secondary endpoints.
Only 1 patient among the 77 neutropenic patients receiving
micafungin as early empirical therapy in this trial was found to
have a documented invasive fungal infection. This patient no-
tably received the lowest dosage of 0.5 mg/kg/day, which is
consistent with the dose dependency of the experimental an-
tifungal efficacy of echinocandins. However, the true efficacy of
micafungin as early empirical therapy is not possible to reliably
assess in this study due to the small numbers of patients, the
lack of available comparative data, and the relatively short
period of follow-up. Nonetheless, these data are consistent
with the findings of micafungin as a prophylactic agent in adult
and pediatric hematopoietic stem cell transplant recipients
(23). In that large, randomized, blinded trial, micafungin was
more effective than fluconazole in preventing breakthrough
systemic fungal infections and reducing the need for empirical
antifungal therapy. However, dosage optimization studies are
still warranted in neutropenic adult and pediatric patients for
treatment and prevention of invasive fungal infections.

In summary, micafungin demonstrated dose-proportional
linear pharmacokinetics in these pediatric patients consistent
with that observed in adults. Clearance was higher in younger
patients, suggesting a need for increased dosage in the very
young. Additional clinical trials are warranted for pediatric
patients to assess the efficacy and optimum dosage of micaf-
ungin for treatment and prevention of invasive fungal infec-
tions.
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