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Abstract Candida spp. are the fourth leading cause of
bloodstream infections, and non-albicans species are in-
creasing in importance. Micafungin is a new echinocandin
antifungal agent with excellent in vitro activity against
Candida spp. Pediatric, neonatal, and adult patients with
new or refractory candidemia were enrolled into this open-
label, noncomparative, international study. The initial dose
of micafungin was 50 mg/d (1 mg/kg for patients <40 kg)
for infections due to C. albicans and 100 mg/d (2 mg/kg for
patients <40 kg) for infections due to other species. Dose
escalation was allowed. Maximum length of therapy was
42 days. A total of 126 patients were evaluable (received at
least five doses of micafungin). Success (complete or

partial response) was seen in 83.3% patients overall. Suc-
cess rates for treatment of infections caused by the most
common Candida spp. were as follows: C. albicans 85.1%,
C. glabrata 93.8%, C. parapsilosis 86.4%, and C. tropi-
calis 83.3%. Serious adverse events related to micafungin
were uncommon. Micafungin shows promise as a safe and
effective agent for the treatment of newly diagnosed and
refractory cases of candidemia. Large-scale, randomized,
controlled trials are warranted.

Results of this study were partially presented as abstract no. 35
in Focus on Fungal Infection 13, Maui, USA, 2003.
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Introduction

Candidemia is the fourth most common nosocomial blood-
stream infection in the USA [1–3]. Worldwide epidemio-
logical surveys have also shown similar trends, placing
Candida as a relevant pathogen in many healthcare settings
[4–10]. Another important trend is the emergence of non-
albicans Candida spp. as common pathogens both in the
community and in healthcare settings. Recent surveys have
shown non-albicans Candida spp. to account for as much
as 50% of isolates [8, 11–14]. This is particularly important
since these species may often be resistant to currently
available antifungal agents, as is the case with Candida
glabrata and Candida krusei for fluconazole and Candida
lusitaniae for amphotericin B [15–22].

Classical therapeutic options for candidemia have in-
cluded amphotericin B and fluconazole [23, 24]. Ampho-
tericin B is associated with a high incidence of side effects,
which include infusion-related reactions and nephrotoxic-
ity [25]. The use of fluconazole is hampered by the problem
of increasing resistance, particularly the increasing inci-
dence of fluconazole resistance in both the above-men-
tioned species and the emergence of resistance in species
typically susceptible to this agent, such as Candida albicans
[6, 12, 14, 15, 18, 26]. The next generation of azoles (such
as voriconazole, posaconazole, and ravuconazole) has
shown early in vitro and in vivo activity against classically
fluconazole-resistant species and strains, but clinical in-
formation is limited to a few clinical trials at this point
[27–30]. The echinocandins are a new class of antifungal
drugs that inhibit β-glucan synthesis. β-glucan is a com-
ponent of the fungal cell wall [31–33]. Caspofungin, the
first licensed echinocandin, has shown excellent experimen-
tal and clinical data for the treatment of candidemia [34, 35].
It is now licensed for such an indication and has been in-
corporated into the Infectious Diseases Society of America
(IDSA) guidelines for the treatment of this disease [23].

Micafungin is an FDA-approved echinocandin that has
shown excellent in vitro and in vivo activity against all
Candida spp. Early clinical trial experience with micafun-
gin as prophylaxis against candidemia in stem cell trans-
plant patients and for treatment of esophageal candidiasis
has also shown excellent efficacy and safety, with response
rates similar to those seen with fluconazole [36–40]. The
purpose of this study was to evaluate the efficacy and
safety of micafungin for the treatment of newly diagnosed
and refractory candidemia.

Patients and methods

Study design

This was an open label, prospective, noncomparative, mul-
ticenter, multinational study of adult and pediatric patients
carried out between 1999 and 2002 in 62 centers that in-
cluded hospitals in the USA, Canada, Brazil, South Africa,
Peru, Italy, UK, France, Chile, Guatemala, Germany, Sweden,
and Poland. This study was approved by local institutional

review committees as well as local regulatory authorities,
and all patients signed informed consent for participation in
the study.

Inclusion and exclusion criteria

Adult and pediatric patients with a confirmed diagnosis of
candidemia (defined as a positive blood culture with
Candida spp. within 96 h of enrollment for de novo pa-
tients and within 48 h of enrollment for efficacy failure
patients) were enrolled. This definition of candidemia is
compatible with the EORTC/MSG criteria for the diagnosis
of fungal infections [41]. Patients could be enrolled as de
novo patients (newly diagnosed candidemia with no more
than 48 h of prior systemic antifungal therapy) or as ef-
ficacy failure patients (candidemia patients who received
five or more days of prior systemic antifungal therapy with
no response). Patients who experienced a breakthrough
infection while on prophylactic therapy were classified as
efficacy failures. Efficacy failure patients were further bro-
ken down into two groups: those patients who received
micafungin in addition to their current antifungal therapy,
and those patients who received micafungin alone. The
following patients were excluded from the study: those
who were pregnant or nursing; had abnormal liver test pa-
rameters (transaminase >10× upper limit of normal, total
bilirubin >five times the upper limit of normal, and alkaline
phosphatase >five times the upper limit of normal); had a
life expectancy judged to be less than 5 days; had a history
of allergy, hypersensitivity or any serious reaction to the
echinocandin class of antifungal agents; had prior antifun-
gal medication administration which was in violation of the
entry criteria; required treatment with systemic antifungal
agents for conditions other than candidemia; had been pre-
viously enrolled into this study; or had a concomitant
medical condition that may have created unacceptable ad-
ditional risk for the patient.

Study procedures and dosing

Patients underwent a physical examination that included
ophthalmologic examination and an evaluation of vital
signs; blood collection for determination of hematology
and serum chemistry; and a mycological assessment at base-
line. Hematological investigation and serum chemistry
were performed weekly during therapy and at the end of
therapy. Mycological assessment was performed at day 14
and at the end of therapy. Clinical response and ophthal-
mologic evaluations were assessed weekly and at the end
of therapy.

Adverse events were recorded from the first dose of
micafungin to 72 h after end of therapy. A final evaluation
was carried out at 6 weeks after end of therapy. Micafungin
was administered once daily as a 1-h infusion. For subjects
weighing 40 kg or more, dosing was 50 mg per day for C.
albicans infections and 100 mg per day for non-albicans or
germ-tube-negative infections (1–2 mg/kg per day for
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patients weighing <40 kg), with the possibility of increas-
ing the dose in 50 mg increments (1 mg/kg increments for
patients weighing <40 kg) in patients with stable or pro-
gressive disease after at least 5 days of therapy on the
current dose, at the investigator’s discretion. Early expe-
rience in this trial suggested that some patients with a non-
C. albicans infection, particularly those with disseminated
disease, were having doses adjusted upward, even though
responses were seen in patients treated with 50 and 75 mg/
day. As safety had been demonstrated at doses of up to
200 mg/day, the protocol was amended to use a starting
dose of 100 mg/day for patients with germ-tube-negative or
non-C. albicans infections. De novo patients received
micafungin alone, while efficacy failure patients were
allowed to receive micafungin alone or in addition to their
current systemic antifungal therapy. Treatment duration
was a minimum of 5 days and a maximum of 6 weeks.
Intermittent therapy (administration of micafungin a min-
imum of three times per week) was allowed if daily therapy
was no longer feasible due to logistical issues and if the
patient had responded.

Endpoints

The primary efficacy endpoint was treatment success,
defined as complete or partial response based on the
investigator’s global assessment of clinical and mycologi-
cal response at the end of therapy. Four global clinical
response categories were defined. Complete clinical re-
sponse was defined as resolution of all attributable signs
and symptoms and radiographic abnormalities, if present at
baseline, and negative culture or histologically documented
absence of the infecting Candida spp. from the primary site
of infection. Eradication was presumed when a patient had
resolution of all attributable signs and symptoms and
radiographic abnormalities and a repeat culture/biopsy was
contraindicated. Partial response was defined as improve-
ment in attributable signs and symptoms and radiographic
abnormalities, accompanied by negative culture or histo-
logically documented absence of the infecting Candida
spp. from the primary site of infection. Stabilization was
defined as minor improvement or no change in attributable
signs and symptoms and radiographic abnormalities while
the patient continued on therapy without deterioration. Pro-
gression was defined as deterioration attributable to signs
and symptoms and radiographic abnormalities, a need for
alternative therapy, or death considered related to the
fungal infection.

Clinical (complete, partial, stabilization, or progression)
and mycological (persistence, eradication, or presumed
eradication) responses were also evaluated separately at the
end of therapy.

Safety assessments included the incidence of adverse
events and laboratory profiles. All adverse events observed
through 72 h after the last administration of study drug,
whether ascertained through patient interview, physical
examination, laboratory findings, or other means, were re-
corded. Adverse events were followed for as long as nec-

essary to adequately evaluate the patient’s status or until the
event stabilized.

Additionally, a retrospective independent review of the
data was performed by an expert in invasive candidiasis
(JHR) to provide a consistent and authoritative independent
and final assessment of the baseline diagnosis and disease
status, the efficacy outcome following treatment, and the
cause of death with regard to candidiasis.

Study populations and statistical analysis

Since this trial was designed to obtain preliminary evidence
of the efficacy of micafungin in treating candidemia, a
sample size was not estimated; at least 100 evaluable
patients were to be enrolled. The two data sets for analysis
were as follows: the full analysis set, which included all
enrolled patients who received at least one dose of study
drug, and the per-protocol set, which included all enrolled
patients who received at least five doses of study drug and
who had confirmed candidemia at baseline. All enrolled
patients who received at least one dose of study drug were
included in the safety analyses. Efficacy analyses were
performed on both the full analysis set and the per-protocol
set. The primary analysis was performed in the per-pro-
tocol set, while safety analyses were performed in all
enrolled patients. Descriptive statistics are presented, and
95%CIs were calculated for outcomes.

Results

Enrollment and antifungal background

A total of 148 patients with candidemia were enrolled. The
per-protocol set consisted of 126 patients; 14 patients were
excluded from the per-protocol set because they received
fewer than five doses of study drug, and eight patients were
excluded due to unconfirmed diagnosis. Of the 14 patients
who were excluded due to fewer than five doses of therapy,
two had a complete or partial clinical response, while 12
had stable, progressive, or unevaluated disease. Of the 126,
72 (57.1%) were de novo patients and 54 (42.9%) were
efficacy failures. Of the efficacy failure set, 25 patients
were treated with micafungin alone and 29 with micafun-
gin and another antifungal agent. A total of 48/72 (66.7%)
de novo patients received prior systemic antifungal therapy
(but still met the de novo definition, i.e. received ≤2 doses
of a systemic antifungal agent). All of the efficacy failure
patients with candidemia received systemic antifungal
therapy prior to starting micafungin. Of these patients, 5/54
(9.3%) patients received systemic antifungal therapy for
less than 5 days just prior to starting micafungin, yet they
met the definition for the per-protocol set. Twenty of the 54
patients received both an azole and an amphotericin B
product, 18 received an amphotericin B product, 14 re-
ceived an azole, one received amphotericin B and flucy-
tosine, and one received an azole, amphotericin B product,
and flucytosine.
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Demographics and underlying diseases

Demographics and underlying diseases are summarized in
Table 1. A total of 42 of 126 (33.3%) patients had received
antineoplastic chemotherapy with or without a bone
marrow transplant, 26 (61.9%) of whom had leukemia or
lymphoma. An additional 7 of 126 (5.6%) patients had a
neoplasm not treated with chemotherapy or a transplant. A
total of 29 of 126 (23%) patients were neutropenic (absolute
neutrophil count, <500 cells/mm3) at baseline. Other com-
mon underlying conditions included bacterial infection or
antibiotic use (11 of 126, 8.7%), postsurgical infection (7/126,
5.6%), premature infants (5/126, 4%), and solid organ trans-
plant (4/126, 3.2%). The mean APACHE II score±SD (ex-
cluding patients <18 years of age) at baseline was 13.5+6.01.

A total of 122 of 126 (96.8%) patients had a central
venous catheter at the time of study drug initiation, and
three of 126 (2.4%) had a central venous catheter placed
during the study of micafungin therapy. Of those patients with

a central venous catheter, 59.8% (73/122) had the catheter
removed and replaced, 13.9% (17/122) had the catheter
removed but not replaced, and 26.2% (32/122) did not
have the catheter removed during the course of the study.

Microbiology

Overall, 64.3% (81/126) of the patients were infected with
non-albicans species: 54.2% (39/72) of patients in the de
novo group and 77.8% (42/54) of patients in the efficacy
failure groups. The most common infecting organisms in
the de novo group were C. albicans (35/72, 48.6%), C.
glabrata (16/72, 22.2%), and C. tropicalis (8/72, 11.1%).
The most common infecting organisms in the efficacy
failure patients (both groups combined) were C. glabrata
(16/54, 29.6%), C. parapsilosis (15/54, 27.8%), C. albicans
(12/54, 22.2%), C. krusei (8/54, 14.8%), and C. tropicalis
(4/54, 7.4%). Six patients had more than one species isolated.

Table 1 Patient demographics and underlying diseases

Variable De novo (n=72) Efficacy failure Total (n=126)

Micafungin + other agent (n=29) Micafungin alone (n=25)

Mean age (±SD) 50.3 (22.34) 33.7 (23.76) 36.0 (20.70) 43.6 (23.49)
No. (%) <16 yrs. of age 6 (8.3%) 8 (27.6%) 6 (24.0%) 20 (15.9%)
No. (%) female 36 (50.0%) 17 (58.6%) 10 (40.0%) 63 (50.0%)
Mean±SD APACHE II scorea 13.5±6.73 13.9±4.75 13.2±5.43 13.5±6.01
No. (%) who received chemotherapy 20 (27.8%) 13 (44.8%) 9 (36.0%) 42 (33.3%)
No. (%) with BMT 6 (8.3%) 5 (17.2%) 7 (28.0%) 18 (14.3%)
No. (%) neutropenic 10 (13.9%) 9 (31.0%) 10 (40.0%) 29 (23.0%)
No. (%) with solid organ transplants 2 (2.8%) 0 (0.0%) 2 (8.0%) 4 (3.2%)
No. (%) who had surgery 7 (9.7%) 0 (0.0%) 0 (0.0%) 7 (5.6%)
No. (%) with concurrent bacterial infections 11 (15.3%) 0 (0.0%) 0 (0.0%) 11 (8.7%)
No. (%) with CVCs 69 (95.8%) 28 (96.6%) 25 (100%) 122 (96.8%)
No. (%) in whom CVC was removed 11 (10.1%) 4 (14.3%) 2 (8.0%) 17 (13.9%)

BMT, bone marrow transplant; CVCs, central venous catheters
aExcluding patients <18 years of age

Table 2 Species distribution and response rates (complete and partial response) of Candida spp. in 126 patients with candidemia

Candida species De novo (n=72) Efficacy failure Total (n=126)

Micafungin + other agent (n=29) Micafungin alone (n=25)

C. albicans 30/35 (85.7%) 5/6 (83.3%) 5/6 (83.3%) 40/47 (85.1%, 95%CI 72–94)
C. glabrata 15/16 (93.8%) 9/10 (90.0%) 6/6 (100.0%) 30/32 (93.8%, 95%CI 79–99)
C. parapsilosis 7/7 (100.0%) 6/7 (85.7%) 6/8 (75.0%) 19/22 (86.4%, 95%CI 65–97)
C. tropicalis 8/8 (100.0%) 1/3 (33.3%) 1/1 (100.0%) 10/12 (83.3%, 95%CI 52–98)
C. krusei 2/3 (66.7%) 3/4 (75.0%) 2/4 (50.0%) 7/11 (63.6%, 95%CI 31–89)
C. pelliculosa 2/2 – – 2/2
C. inconspicua 1/1 – – 1/1
C. lusitaniae 1/1 – – 1/1
C. kefyr – – 0/1 0/1
C. rugosa 0/1 – – 0/1
C. famata 0/1 – – 0/1
Candida spp. NOSa – 0/1 – 0/1
aNOS, not otherwise specified. Six patients had candidemia with more than one species
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Outcomes

Treatment outcomes are summarized in Tables 2, 3, 4. A
total of 105 of 126 (83.3%, 95%CI 76–89) patients with
candidemia experienced treatment success at the end of
therapy, of whom 95 (75.4%, 95%CI 67–83) experienced a
complete response (sterilization of the bloodstream and
resolution of attributable signs and symptoms) and the rest a
partial response. Success rates were 63 of 72 (87.5%, 95%CI
78–94) for de novo patients and 19 of 25 (76.0%, 95%CI
55–91) for efficacy failure patients on micafungin alone.

Success was documented across most Candida spp. Of
note, a patient with candidemia due to C. rugosa did not
respond even at doses as high as 175 mg per day, but this
patient’s intravenous catheter was not removed. Response
rates by dosing range are shown in Table 4. Doses in the
range of 75–150 mg/day resulted in response rates of
>90%. Mycological eradication was documented in 78 of
126 (61.9%, 95%CI 53–70) patients, and presumed
eradication was seen in 21 of 126 (16.7%, 95%CI 11–24).
Documented mycological persistence occurred in 14 of
126 (11.1%, 95%CI 6–18) patients. Follow-up cultures
were not obtained for 13 of 126 (10.3%) patients.

For patients in the efficacy failure group on combination
therapy, treatment success was similar among the antifun-
gal regimens used. The response rate among patients re-
ceiving micafungin plus an amphotericin B (including the
lipid preparations) therapy was 12 of 15 (80%, 95%CI 52–
96); among patients receiving micafungin plus an azole,
five of seven (71.4%, 95%CI 29–96); and among patients
on triple therapy (amphotericin B plus an azole or other

antifungal agent) including micafungin, six of seven
(85.7%, 95%CI 42–100).

Response rates at the end of therapy were assessed by
central venous catheter status. For the patients with can-
didemia with an indwelling catheter in place prior to or
during micafungin therapy, the treatment success rates
were 16 of 17 (94.1%, 95%CI 71–100) for patients who
had their catheter removed but not replaced, 61 of 73
(83.6%, 95%CI 63–91) for patients whose catheter was
replaced, and 25 of 32 (78.1%, 95%CI 60–91) for patients
from whom the catheter was not removed. Five patients
had relapsing candidemia: One de novo patient and four
efficacy failure patients. All of these patients had a catheter,
central line, or port in place both prior to and during
micafungin treatment. Two of the efficacy failure patients
did not undergo catheter removal or replacement, while one
de novo and two efficacy failure patients had their catheter
removed and replaced. They all had a complete response at
the end of therapy. The success rate for patients who were
neutropenic at baseline was 21 of 29 (72.4%, 95%CI 53–
87), while that for those patients with persistent neutrope-
nia was 9 of 13 (69.2%, 95%CI 39–91).

The global response rate for adults was 90 of 106
(84.9%, 95%CI 77–91), while for pediatric patients it was
15 of 20 (75%, 95%CI 51–91). There were 11 neonates in
the study (of whom five had been born prematurely). One
was enrolled as a de novo patient and the rest as efficacy
failures. C. albicanswas the pathogen in seven cases, while
C. parapsilosis accounted for three cases and C. glabrata
for one. Eight patients experienced a complete response,
and three were classified as failures.

Global/crude mortality in the study was 36 of 126
(28.65%, 95%CI 21–37). Mortality attributed to Candida
occurred in 11 of 126 (8.7%, 95%CI 4–15) patients. Two of
these deaths occurred during the period of study therapy,
while the rest occurred after therapy had ended.

Independent review

The overall concordance regarding treatment success be-
tween the independent reviewer and the investigators was
93%. Determination of mycological response was very
similar (84.2% per independent reviewer vs. 78.6% per

Table 3 Global response at the end of therapy in 126 patients with candidemia (per–protocol set)

De novo (n=72) Efficacy failure Total (n=126)

Micafungin + other agent (n=29) Micafungin alone (n=25)

Success 63 (87.5%) 23 (79.3%) 19 (76.0%) 105 (83.3%, 95%CI 76–89)
Complete response 55 (76.4%) 22 (75.9%) 18 (72.0%) 95 (75.4%, 95%CI 67–83)
Partial response 8 (11.1%) 1 (3.4%) 1 (4.0%) 10 (7.9%, 95%CI 4–14)

Failure 7 (9.7%) 5 (17.2%) 5 (20.0%) 17 (13.5%, 95%CI 8–21)
Stabilization 4 (5.6%) 3 (10.3%) 3 (12.0%) 10 (7.9%, 95%CI 4–14)
Progression 3 (4.2%) 2 (6.9%) 2 (8.0%) 7 (5.6%, 95%CI 2–11)

Not evaluable 2 (2.8%) 1 (3.4%) 1 (4.0%) 4 (3.2%, 95%CI 1–8)

Table 4 Global response rate by dosing range in 126 patients with
candidemia (per–protocol set)

Dose range (mg/day) Complete and partial response

<50 12/16 (75%, 95%CI 48–93)
50 41/47 (87.2%, 95%CI 74–95)
>50–75 6/8 (75%, 95%CI 35–97)
>75–100 27/30 (90%, 95%CI 73–98)
>100–150 12/13 (92.3%, 95%CI 64–100)
>150–200 5/9 (55.6%, 95%CI 21–86)
>200 2/3 (66.7%, 95%CI 9–99)
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investigators). The success rates by Candida species as
determined by the independent reviewer data (IRD) were
similar or identical to those determined using the inves-
tigator data (ID): C. albicans (88.6% IRD, 85.1% ID), C.
glabrata (89.7% IRD, 93.8% ID), C. parapsilosis (82.4%
IRD, 86.4% ID), C. tropicalis (81.8% IRD, 83.3% ID), and
C. krusei (63.6% IRD, 63.6% ID).

Safety

Adverse events related to the study drug occurred in 36 of
the 148 (24.3%) enrolled patients. Events that occurred in
≥2% of patients included abnormal liver function tests
(2%), thrombocytopenia (2%), increased alkaline phos-
phatase (2%), and rash (2%). Serious adverse events
considered at least possibly related to study drug were
infrequent (7.4%) and are summarized in Table 5. There
were no deaths directly attributed to the study drug.
Overall, 20.3% of patients discontinued the study drug due
to an adverse event. A total of ten (6.8%) patients dis-
continued due to an adverse event considered at least pos-
sibly related to study drug. These events included rash (two
patients), thrombocytopenia (two patients), abnormal liver
function tests (two patients), and in one patient each, al-
lergic reaction, increased alkaline phosphatase levels, acute
renal failure, and urticaria.

Discussion

This open-label, non-comparative study was the first study
to systematically evaluate micafungin for the treatment of
candidemia in a multicenter, multinational, setting. The
design of this trial facilitated relatively rapid enrollment of
infections due to the inclusion of a broad array of Candida
species as well as a preliminary assessment of the safety

and efficacy of micafungin alone or in combination with
another systemic antifungal agent as salvage therapy.

The drug displayed a safety profile and efficacy that
compares well with currently used antifungal agents. Over-
all, treatment success was reported in 83.3% of patients,
with 75.4% experiencing complete response. The species
distribution seen in this study is similar to that seen in
contemporary epidemiological studies [6, 12, 26, 34, 42].
High treatment response rates were reported across all
organisms, including C. glabrata (93.8%), C. parapsilosis
(86.4%), and C. tropicalis (83.3%). The experience with C.
parapsilosis is especially important, since this response
rate provides data to support findings that the relatively
higher MIC of micafungin observed in vitro for this species
has no apparent clinical impact [14]. Unfortunately, MICs
were not systematically determined for isolates from this
study. Response rates were 87.5% in the de novo patients
and 76% in the efficacy failure patients, suggesting that this
drug may be useful in both the primary therapy and the
salvage therapy settings. Although the number of patients
was greatly reduced in the extremes of the dosing ranges,
overall success rates exceeded 90% in dose ranges between
75 and 150 mg/day. The lower response rates seen in doses
over 150 mg/day may be related to dose escalation in the
sickest patients or to the small number of patients in that
dosing range.

The response rates seen in this study in both the de novo
and efficacy failure patients are in the same range as those
previously reported for fluconazole, amphotericin B, and
caspofungin. In a landmark clinical trial, the reported over-
all treatment success rates among 206 patients with a mean
APACHE II score of 16 who were randomized to flu-
conazole or amphotericin B were 70% and 79% for
fluconazole and amphotericin B, respectively [43]. Success
in patients with C. glabrata was 85% for amphotericin B
and 64% for fluconazole. Another clinical trial reported
treatment success rates of 57% for fluconazole and 62% for
amphotericin B in a study comparing fluconazole versus
amphotericin B in 106 candidemia patients from 13 centers
in Canada [44]. These patients had a mean APACHE II
score of 14. A third trial reported treatment success in 59%
(22 patients) of candidemia patients who received flu-
conazole compared to 71% (21 patients) who received
amphotericin B [45]. In a retrospective review of over 400
patients with candidemia in one institution, the treatment
success rate was 53% for amphotericin B and 76% for
fluconazole. It was noted that the more severely ill patients
typically were treated with amphotericin B [46]. In a more
recent clinical trial of amphotericin B versus caspofungin
in patients with mean APACHE II scores ranging from 14.8
to 15.4, the response rates among patients with candidemia
treated with amphotericin or caspofungin were 72.5% and
61.7%, respectively [34].

Although our study was open-label and was conducted
in a more heterogeneous population that included children,
the response rates observed for de novo patients are in the
same range of the response rates reported for the drugs
mentioned above. Among those patients enrolled as ef-
ficacy failures, the response rate was 76%, with the lowest

Table 5 Incidence of serious adverse events related to the study
drug

Adverse event Frequencya (n=148)

Any serious related adverse event 11 (7.4%)
Thrombocytopenia 3 (2.0%)
Fever 1 (0.7%)
Atrial fibrillation 1 (0.7%)
Hypotension 1 (0.7%)
Thrombophlebitis 1 (0.7%)
Liver function test abnormalities 1 (0.7%)
Increased BUN 1 (0.7%)
Increased creatinine 1 (0.7%)
Hypokalemia 1 (0.7%)
Rash 1 (0.7%)
Urticaria 1 (0.7%)
Acute renal failure 1 (0.7%)

BUN, blood urea nitrogen
aAll enrolled patients. A patient could experience more than one
event
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numerical response rates observed in the efficacy failure
group and the group that received other antifungal agents.
This was anticipated, since the patients who had mica-
fungin added to their current regimen were expected to be
the most refractory cases to treat. However, the addition of
micafungin to the prior antifungal regimen resulted in an
overall treatment success rate of 72.4%, with most (78.6%)
of those patients achieving a complete response. These
salvage response rates are again in the same range of those
reported in the literature for lipid amphotericin B com-
pounds and voriconazole [28, 30, 47]. These results should
be interpreted with caution for neutropenic and other
immunocompromised hosts, since the proportion of these
patients in this study was relatively low. Although com-
bination therapy did not show a significant advantage over
micafungin alone, this experience provides evidence to
support the use of micafungin, either alone or in com-
bination with another antifungal agent, as salvage therapy
in patients failing current antifungal treatment. Favorable
response rates were observed even when the central venous
catheter was retained. This may be related to other sources
of candidemia or to recent experimental evidence showing
that echinocandins can penetrate and are active within
Candida biofilms [48, 49]. Overall adverse events and
severe adverse events related to the drug were infrequent.

In summary, micafungin shows promise as a safe and
effective agent for the treatment of newly diagnosed and
refractory cases of candidemia. Large-scale randomized
controlled trials are warranted.
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