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Candida species are responsible for up to 15% of nosoco-
mial infections worldwide and are the fourth leading cause
of nosocomial bloodstream infection in the USA [1, 2].
Despite an expanding antifungal armamentarium, morbid-
ity and mortality rates of candidemia remain high [2, 3].
Current antifungal treatment options include drugs from
the polyene, triazole, and now echinocandin classes [4].
The addition of the echinocandins to this group of com-
pounds has provided a safe, potent, and broad-spectrum
treatment option for invasive Candida infections [5–7].

Discovered more than two decades ago, echinocandin
compounds are cyclic hexapeptides that inhibit the syn-
thesis of 1,3-beta glucans, which are key structural cell wall
components of fungi. The antifungal spectrum of this class
is broad and includes both Candida albicans and non-
albicans species.

The current generation of echinocandins in phase III
trials includes caspofungin, micafungin, and anidulafungin
[4]. The first of the echinocandins examined and approved
for treatment of candidemia was caspofungin. Mora-Duarte
et al. [5] reported the study of caspofungin in a randomized,
comparative trial against amphotericin B in the treatment of
candidemia. Caspofungin was found to be similarly effica-
cious and less toxic than conventional amphotericin B. The
recently reported study of micafungin for treatment of
esophageal candidiasis demonstrates proof of principle of
the activity of this compound in the treatment of Candida
infections. Micafungin is currently approved for antifungal
prophylaxis in stem cell transplantation and treatment of
esophageal candidiasis [5, 8].

Ostrosky-Zeichner et al. [9] have now systematically
evaluated the use of micafungin for treatment of candid-
emia. In this study, an open-label, prospective, noncom-
parative study, analysis showed that treatment with
micafungin was similar to that reported with other anti-
fungal agents for the primary therapy and salvage treatment
of invasive candidiasis. The study included 126 patients
with candidemia drawn from a population of 148 patients
with a Candida-positive blood culture within 96 h of en-
rollment at 62 geographically diverse centers during a
period of nearly 3 years. The patient population was di-
vided into two treatment groups. The first cohort of
patients, described as de novo, were defined by receipt of
less than 48 h of prior antifungal therapy (n=72, 57.1%).
Within this group of de novo patients, 48 (66.7%) received
fewer than two doses of another antifungal drug. The
second subset of patients (n=54, 42.9%) were described as
efficacy failure patients, defined as those having received
five or more days of prior antifungal therapy.

Unlike the previously reported caspofungin candidemia
trial, the current patient population included adults (n=106,
84%), children (n=9, 7%), and neonates (n=11, 8.7%).
More than a third of patients had received cancer chemo-
therapy (n=42, 33%), and 23% were neutropenic (n=13
with persistent neutropenia). Only four and 18 patients had
undergone solid organ and bone marrow transplant, re-
spectively. Mean APACHE II scores in the cohort were
similar to those from most candidemia trials (13.5±6.5) [5,
10, 11]. Central venous catheters were in place in the
majority of patients (n=122, 96.8%). The device was
removed in 73.8% (n=90) of patients, but it was replaced in
the majority of them (59.8%). The spectrum of Candida
species encountered in the study is reflective of recent
epidemiology surveillance studies that demonstrate a shift
toward non-albicans species (n=81, 64.3%). The preva-
lence of non-albicans species infections in the efficacy
failure group was markedly higher (83%), perhaps sug-
gesting the difficulty in successfully treating these infec-
tions with triazoles and polyenes. The Candida species for
which echinocandin MICs are most often highest (Candida
parapsilosis) was responsible for 17% of all infections [12].
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Antifungal therapy in the de novo group was limited to
micafungin alone. However, in the efficacy failure cohort,
clinicians were able to continue therapy with another
antifungal drug. The later regimens included an amphoter-
icin B product, a triazole, or flucytosine and were utilized
in just more than half (53.7%) of the patients in this cohort.
The initial micafungin dose used for treatment of C.
albicans infection was 50 mg/d. The design of the mica-
fungin dosing regimens included dose escalation to
100 mg/d for infection with either non-albicans species
or C. albicans at the discretion of the local investigator
after 5 days of therapy on the initial dose of 50 mg/d. Half
of all patients received micafungin dose levels exceeding
50 mg/d, and several patients were treated with doses
greater than 200 mg/d. Micafungin was administered for a
minimum of 5 days and was continued for up to 6 weeks.

The principal study endpoint was the investigator-
determined global response (both mycological and clinical)
at the end of therapy. Both complete and partial responses
were reported. To be included in analysis, patients had to
receive at least five doses of micafungin (n=126 patients).
The authors reported frequent ophthalmologic examina-
tions, which may be of particular importance with
echinocandin monotherapy, given the lack of vitreal pen-
etration for drugs of this antifungal class [13]. However,
rates of endophthalmitis and treatment outcome in these
patients were not reported.

An overall successful response to micafungin (including
complete and partial responses) was reported in 83.3%
(complete response, 75.4%). Not surprisingly, efficacy was
more common in the de novo (87.5%) than in the efficacy
failure (76%) cohort. The authors note that these rates of
treatment success are similar to those reported in trials with
fluconazole, amphotericin B, and caspofungin [5, 10, 11,
14, 15]. However, one should use caution when attempting
to draw comparisons to other treatment trials. Despite the
apparent similarities in patient demographics, the biases
inherent in a nonrandomized, noncomparative trial can
make it difficult to compare therapies from other trials. In
fact, the authors point to the possibility of selection bias in
the choice of micafungin dose level. While there was not a
statistically significant enhancement in outcome as the
dose level was increased from 50 to 75, 100, or 150 mg/d,
there does appear to be a trend toward a dose response, with
reported response rates ranging from 75 to 87% in the
cohort that received 50 or 75 mg/d and success rates ex-
ceeding 90% in the dosing cohort that received from 75 to
150 mg/d. However, treatment success was markedly lower
(56–67%) in the cohort that received doses greater than
150 mg/d, perhaps suggesting that these higher doses were
reserved for the most ill patients. While the optimal
micafungin dosing regimen for treatment of candidemia
cannot be determined from these results, the trend towards
enhanced efficacy in the higher dose cohort is intriguing.

The consideration of dose level is particularly interesting
in the wake of results from the labeling micafungin trial in
esophageal candidiasis, which examined the impact of dose
level and demonstrated superiority of the 150 mg/d dose
over the 100 and 50 mg/d dose levels [6]. A formal phar-

macodynamic analysis of results from the current study,
including the impact of dose level and MIC on outcome, is
not possible since population pharmacokinetics were not
analyzed and systematic susceptibility testing of isolates
was not performed. The results of the current investigation,
however, suggest the need for a prospective micafungin
study to discern the impact of these factors in the treatment
of invasive candidiasis.

The study results also extend and enhance our under-
standing of the impact of central venous catheter manage-
ment. Similar to numerous other reports [16–19], the study
found that successful outcome was enhanced by removal of
the indwelling vascular device. However, the current
investigation also compared outcome between patients in
whom a second catheter was placed and those in whom
another device was not placed. Clinical and mycological
success was higher in the group not receiving a replace-
ment catheter (successful outcome in 83.6% [71/73] with
replacement vs. 94.1% [16/17] without replacement), sug-
gesting the new device may become seeded and serve as a
persistent focus of infection. Despite the demonstrated
importance of catheter management in this study, the
sizeable cohort for which the initial device was retained
throughout the treatment course fared remarkably well
compared to reports from other candidemia treatment trials
(successful outcome in 25/32, 78.1%) [16–18]. The authors
note that success in this patient cohort may be related to the
demonstrated activity of drugs from the echinocandin class
in Candida biofilm infections [20].

Also noteworthy was the demonstration of safety and
efficacy in the pediatric (successful outcome in 15/20,
75%) and neonatal (8/11, 72.7%) patient populations, in
which rates were similar to those observed in the adult
cohort. The report by Ostrosky-Zeichner et al. [9] also
illustrates an important finding about the antifungal spec-
trum of the echinocandins. The MICs of the echinocandins
are higher for C. parapsilosis than for most other common
Candida species. The results of the current study are
consistent with observations from the caspofungin candid-
emia trial, in which treatment success in patients infected
with C. parapsilosis (86.4%) was similar to that observed
in patients infected with other Candida species (83.3–
93.8%) [5].

Despite the limitations inherent in a nonrandomized,
noncomparative treatment study, the results of the
Ostrosky-Zeichner et al. [9] trial provide a number of
valuable insights into the management of candidemia.
Most importantly, the data effectively demonstrate that the
administration of micafungin for candidemia was safe and
efficacious for the treatment of candidemia. As with all
well-conducted studies, the results raise additional ques-
tions. The finding (although not statistically significant) of
a dose response relationship is intriguing. What is the op-
timal dose level for this and other echinocandin compounds
for candidemia? Are higher doses of echinocandins
indicated for infections with Candida species, such as C.
parapsilosis, for which MICs are higher? How can the
doses and pharmacodynamics of echinocandins be opti-
mized to improve their antifungal efficacy? There are no

663



interpretive susceptibility breakpoints for the echinocan-
dins. What is the correlation between the MIC and treat-
ment response? Are all echinocandins equally efficacious?
These and other important gaps in our knowledge of the
echinocandins for the treatment of candidiasis warrant fur-
ther investigation.

In summary, on the basis of the currently available
evidence, both caspofungin and micafungin appear to be
suitable alternatives for treatment of candidemia. Clearly, a
comparative study of micafungin and another licensed
antifungal agent should be conducted, with special atten-
tion given to the impact of dose escalation and MIC on
outcome.
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