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Previous studies using in vivo candidiasis models have demonstrated that the concentration-associated
pharmacodynamic indices, the maximum concentration of a drug in serum/MIC and 24-h area under the curve
(AUC)/MIC, are associated with echinocandin treatment efficacy. The current investigations used a neutro-
penic murine model of disseminated Candida albicans and C. glabrata infection to identify the 24-h AUC/MIC
index target associated with a stasis and killing endpoint for the echinocandin, micafungin. The kinetics after
intraperitoneal micafungin dosing were determined in neutropenic infected mice. Peak levels and AUC values
were linear over the 16-fold dose range studied. The serum drug elimination half-life ranged from 7.5 to 16 h.
Treatment studies were conducted with 4 C. albicans and 10 C. glabrata isolates with micafungin MICs varying
from 0.008 to 0.25 �g/ml to determine whether similar 24-h AUC/MIC ratios were associated with efficacy. The
free drug AUC/MICs associated with stasis and killing (1-log) endpoints were near 10 and 20, respectively. The
micafungin exposures associated with efficacy were similar for the two Candida species. Furthermore, the free
drug micafungin exposures required to produce stasis and killing endpoints were similar to those recently
reported for another echinocandin, anidulafungin, against the identical Candida isolates in this model.

Antifungal pharmacodynamic studies have been helpful to
optimize dosing regimen design and provide a rationale for the
development of susceptibility breakpoints for several antifun-
gal drugs including the triazoles, amphotericin B, and flucy-
tosine. Recent studies have begun to apply these pharmacody-
namic principles to understand the exposure and response
relationship for drugs from the echinocandin class (10, 15, 46,
50). These compounds exhibit broad-spectrum activity against
Candida and Aspergillus species, including emerging Candida
species such as C. glabrata (13, 20, 41, 42). Previous investiga-
tions with other echinocandins, including micafungin (D.
Andes, unpublished observations) have demonstrated that the
concentration-associated pharmacodynamic indices, the maxi-
mum concentration of a drug in serum (Cmax)/MIC and the
area under the curve (AUC)/MIC, drive treatment efficacy for
this drug class in candidiasis models (2, 9, 21, 26). The present
study was performed to determine whether the magnitude of
the pharmacokinetic/pharmacodynamic index required for ef-
ficacy is similar for C. albicans and C. glabrata strains, including
several previously characterized caspofungin-resistant organ-
isms. These study observations were also compared to recently
published data with the echinocandin anidulafungin in this
model with the same strains (9). The results from these studies
provide a pharmacodynamic rationale in support of the current
clinical dosing regimens. Furthermore, the data provide infor-
mation useful regarding the susceptibility breakpoints for this
new compound.

MATERIALS AND METHODS

Organisms. Fourteen clinical Candida isolates were used: four C. albicans
isolates (K-1, 580, 98-17, and 98-210) and ten C. glabrata isolates (570, 513, 5592,
5376, 33609, 32930, 33616, 34341, 35315, and 37661). Six of the isolates have
been previously described and were kindly provided by J. Knudsen (28). These
six clinical isolates were collected after prolonged caspofungin exposure and
characterized as caspofungin resistant. The organisms were maintained, grown,
and quantified on Sabouraud dextrose agar (SDA) plates. At 24 h prior to the
study, the organisms were subcultured at 35°C. The isolates were chosen to
include those with varying echinocandin susceptibilities. We also attempted to
choose isolates based upon a relatively similar degree of fitness in this animal
model, as determined by the amount of growth in the kidneys of untreated
animals over 48 h (9).

Antifungal agent. Micafungin was obtained from Astellas and was prepared in
0.15 M NaCl.

In vitro susceptibility testing. MICs were determined by using Clinical Lab-
oratory Standards Institute (CLSI) method M27-A2 (12, 41). The MIC endpoints
for micafungin included both partial (CLSI recommended and referred to as
M1) and complete growth inhibition readings relative to that of the drug-free
control well (referred to as M2). Determinations were performed in duplicate on
four separate occasions. Final results are expressed as the mean of these results.

Animals. Six-week-old ICR/Swiss specific-pathogen-free female mice weighing
23 to 27 g were used for all studies (Harlan Sprague-Dawley, Indianapolis, IN).
Animals were housed in groups of five and allowed access to food and water ad
libitum. Animals were maintained in accordance with American Association for
Accreditation of Laboratory Care criteria. Animal studies were approved by the
Animal Research Committee of the William S. Middleton Memorial VA Hos-
pital and the University of Wisconsin.

Infection model. A neutropenic, murine, disseminated candidiasis model was
used for all studies (2, 4, 5, 6). Mice were rendered neutropenic (polymorpho-
nuclear cells � 100/mm3) by injecting cyclophosphamide (Mead Johnson Phar-
maceuticals, Evansville, IN) subcutaneously 4 days before (150 mg/kg of body
weight), 1 day before (100 mg/kg) infection, and 2 days after infection (100
mg/kg). Prior studies have demonstrated this regimen produces neutropenia
(absolute neutrophil counts remained at or below 100/mm3 throughout the 96-h
study). Organisms were subcultured on SDA 24 h prior to infection. The inoc-
ulum was prepared by placing three to five colonies into 5 ml of sterile pyrogen-
free 0.9% saline warmed to 35°C. The final inoculum was adjusted to a 0.6

* Corresponding author. Mailing address: Department of Medicine,
University of Wisconsin, 600 Highland Ave., H4/572, Madison, WI
53792. Phone: (608) 263-1545. Fax: (608) 263-4464. E-mail: dra
@medicine.wisc.edu.

� Published ahead of print on 14 July 2008.

3497



transmittance at 530 nm. Fungal counts of the inoculum determined by viable
counts on SDA were 6.1 � 0.51 log10 CFU/ml.

Disseminated infection with the Candida organisms was achieved by injection
of 0.1 ml of inoculum via lateral tail vein 2 h prior to start of drug therapy. At the
end of the study period, animals were sacrificed by CO2 asphyxiation. After
sacrifice, the kidneys of each mouse were immediately removed and placed in
sterile 0.9% saline at 4°C. The homogenate was then serially diluted 1:10, and
aliquots were plated on SDA for viable fungal colony counts after incubation for
24 h at 35°C. The lower limit of detection was 100 CFU/ml. The results were
expressed as the mean CFU/kidneys for three mice.

Pharmacokinetic analyses. The single-dose pharmacokinetics of micafungin
were determined in infected neutropenic ICR/Swiss mice after intraperitoneal
administration of 80, 20, and 5 mg/kg administered in 0.2-ml volumes. Blood
from groups of three isofluorane-anesthetized mice (nine mice for each dose
level) was collected at each of eight time points (1, 2, 4, 6, 8, 12, 24, and 48 h).
Serum was collected by centrifugation, and samples were stored at �80°C until
drug assay. Samples were analyzed by microbiologic assay using C. albicans K1 as
the assay organism (30). The lower limit of detection of the assay was 0.12 �g/ml.
The mean intraday variation was �7%.

A noncompartmental model was used in the kinetic analysis (3). Pharmaco-
kinetic parameters, including elimination half-life and concentration at time zero
(C0) were calculated via nonlinear least-squares techniques. The AUC was cal-
culated by the trapezoidal rule. For treatment doses in which no kinetics were
determined, pharmacokinetic indices were estimated by linear extrapolation
from the highest and lowest dose levels used in the kinetic studies described
above. Protein binding was considered based upon previous reports of binding of
micafungin in rodents and humans (99.75%) (25, 51).

Pharmacodynamic index magnitude determinations. Fourteen Candida
strains, including of four C. albicans (K1, 98-17, 580, and 98-210) and ten C.
glabrata (5376, 570, 513, 5592, 33609, 32930, 33616, 34341, 35315, and 37661)
isolates, were used for in vivo experiments. Infection in neutropenic mice was
produced with each strain as described above. Micafungin dosing studies were
designed to vary the magnitude of the pharmacodynamic indices and to produce
treatment effects that included no effect to maximal effect (based on results from
pilot treatment studies not presented). Six total dose levels varied from 0.078 to
80 mg/kg/24 h. Doses were administered every 24 h for the 4-day study period.
Groups of three mice were used for each dosing regimen. At the end of the study,
mice were euthanized, and the kidneys were immediately processed for CFU
determinations.

Data analysis. A sigmoid dose-effect model was used to model the in vivo
potency of micafungin. The model is derived from the Hill equation: E � (Emax �
DN)/(ED50

N � DN), where E is the observed effect (change in log10 CFU/kidney
compared to untreated controls at the end of the treatment period), D is the total
dose of micafungin over the entire treatment period, Emax is the maximum effect
of micafungin compared to untreated controls, ED50 is the dose required to
achieve 50% of the Emax, and N is the slope of the dose-effect relationship. The
indices Emax, ED50, and N were calculated by using nonlinear least-squares

regression. The correlation between efficacy and the 24-h AUC/MIC for the
group of Candida isolates was determined by nonlinear least-squares regression
analysis (Sigma Stat; Jandell Scientific Software, San Rafael, CA). The coeffi-
cient of determination (R2) was used to estimate the variance that could be due
to regression with each the pharmacodynamic index. Calculations were per-
formed using both total- and free-drug concentrations.

To allow a comparison of the potency of micafungin against the study organ-
isms, we calculated the 24-h static dose and the doses required to achieve a 1-log
reduction in colony counts using the above model. The magnitude of the phar-
macokinetic/pharmacodynamic index associated with each endpoint dose was
calculated from the following equation: log10 D � log10 [E/Emax � E]/N � log
ED50, where E is the amount of control growth over the treatment period in
untreated animals for the static dose calculation, E is the control growth as
described above �1 log for the calculation of the dose (D) associated with a 1-log
kill, and N is the slope of the dose-response curve.

RESULTS

In vitro susceptibility testing. The study organisms and the
MICs against micafungin are listed in Table 1. The 24-h MICs
for the 14 Candida organisms studied varied by �30-fold
(range, 0.008 to 0.25 �g/ml). The MICs using the partial (50%)
endpoint (M1) were either the same or twofold lower than
those using a complete inhibition endpoint (M2).

Pharmacokinetics. The serum time course of micafungin in
infected neutropenic mice after intraperitoneal doses of 80, 20,
and 5 mg/kg is shown in Fig. 1. Peak serum drug levels and the
AUC increased in a linear fashion with dose escalation. Peak
levels were achieved within the 2 h for each of the doses and
ranged from 7.0 � 0.80 to 53 � 0.62 �g/ml. The serum elim-
ination half-life ranged from 7.5 to 16 h. The AUC0-	, as
determined by the trapezoidal rule, ranged from 138 to 1,400
mg � h/liter with the lowest and highest doses, respectively.
Free-drug calculations were based on previously determined
protein binding in mice and humans using equilibrium dialysis
(99.75% bound) (24).

Magnitude of the pharmacodynamic index associated with
efficacy. Both Cmax/MIC and AUC/MIC have been shown to be
important predictors of the in vivo efficacy of the echinocan-
dins. For comparison of the index magnitude among strains
with various MICs, we utilized the 24-h AUC/MIC index. To

TABLE 1. In vitro and in vivo efficacies of micafungin against select C. albicans and C. glabrata in a disseminated candidiasis modela

Strain MIC1
(�g/ml)

MIC2
(�g/ml)

Static dose
(mg/kg/24 h)

24-h AUC/MIC1 1-Log kill
(mg/kg/24 h)

24-h AUC/MIC1

Total drug Free drug Total drug Free drug

CA98-17 0.03 0.06 2.53 2,333 5.9 4.60 4,233 10.6
CA98-210 0.016 0.03 2.84 5,200 13.0 10.4 18,400 46.0
CA580 0.008 0.016 1.98 7,857 19.6 2.36 1,686 4.21
CAK1 0.016 0.03 2.84 5,200 13.0 4.08 7,533 18.8
CG35315 0.06 0.12 2.4 1,103 2.8 3.77 1,733 4.33
CG37661 0.25 0.25 9.25 984 2.5 20.6 2,080 5.2
CG34341 0.06 0.12 2.18 1,003 2.51 4.26 1,960 4.9
CG32930 0.008 0.016 0.06 236 0.50 1.69 3,107 7.8
CG33609 0.016 0.016 0.41 753 1.9 1.40 2,600 6.5
CG513 0.016 0.03 1.34 2,467 6.2 NA NA NA
CG5592 0.016 0.03 1.80 3,333 8.4 5.46 10,000 25.0
CG5376 0.008 0.016 0.90 3,571 8.9 2.0 7,886 19.7
CG570 0.016 0.03 3.76 6,933 17.3 6.70 12,066 30.2
CG33616 0.25 0.50 3.88 428 1.1 7.89 848 2.20

Mean � SD 2,957 � 2,493 7.5 � 6.2 5,702 � 5,239 14.3 � 13.1

a Strain prefixes: CA, C. albicans; CG, C. glabrata. The static dose is the dose required to produce an organism burden in kidneys the same as that at the start of
therapy. The 1-log kill is the dose required to produce an organism burden in kidneys the 1 log10 lower than that at the start of therapy. NA, not available.
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determine whether the index magnitude was similar among
Candida strains, we studied the activities of the 24-h dosing
regimen of micafungin against four strains of C. albicans and
ten strains of C. glabrata. The dose-response curves for mica-
fungin against these various strains are shown in Fig. 2. At the
start of therapy, the mice infected with C. albicans had 4.06 �
0.23 log10 CFU/kidney of Candida (range, 3.57 to 4.28 log10

CFU/kidneys). Each of the four C. albicans isolates grew sim-
ilarly in the kidneys of untreated animals. However, the growth
of the C. glabrata strains was less than the other Candida
strains studied. This difference is similar to that recently re-
ported for these organisms in this model (9). The range of
organism growth in control animals over the treatment period
was 3.91 � 0.56 log10 CFU/kidney for C. albicans to 1.95 � 0.79
log10 CFU/kidney for C. glabrata. The C. glabrata isolates dem-
onstrated relatively equivalent growth compared among the
group of ten isolates. In general, the shapes of the dose-re-
sponse curves were similar for all strains. The location of the

dose-response curve was related to the MIC of the organism.
The static dose, the doses associated with a 1-log killing, and
the associated total and free-drug 24-h AUC/MIC are shown in
Table 1. The extent of organism killing varied among the
strains and was related to the micafungin exposure-MIC rela-
tionship. The majority of strains exhibited an extensive drop in
the numbers of CFU/kidneys after micafungin therapy over the
4-day study compared to the numbers of CFU for the un-
treated controls (mean � the standard deviation reduction in
organism burden, 4.92 � 1.3 log10 CFU/kidneys). For the mi-
cafungin regimens with 24-h dosing, the free-drug 24-h AUC/
MICs associated with a static effect against the 14 Candida
strains was 7.5 � 6.2 using free-drug concentrations and the
partial inhibition MIC endpoint (M1). The differences in the
AUC/MIC associated with this endpoint were not statistically
different among the organisms (P � 0.44). The relationship
between the micafungin total- and free-drug AUC/MIC ratios
and efficacy with the 14 strains are displayed in Fig. 3 for C.

FIG. 1. Serum pharmacokinetics of micafungin following single, intraperitoneal doses of 80, 20, or 5 mg/kg. Concentrations were measured by
using a microbiologic assay. Each symbol represents data from three mice. The error bars represent the standard deviation. Cmax represents the
observed peak serum concentration. The AUC was calculated from 0 to infinity using the trapezoid rule.

FIG. 2. Relationship between micafungin dose and effect on burden of organisms in kidneys of mice after 96 h of therapy against four C.
albicans (left) and ten C. glabrata (right) isolates. Six dose levels were used for each strain. Micafungin was administered intraperitoneally every
24 h for four doses. Each escalating dose varied fourfold. Each symbol represents the mean CFU/kidneys for three mice. Efficacy on the y axis is
expressed as the change in CFU/kidneys compared to the burden of organisms compared to the start of therapy. The error bars represent the
standard deviation. The horizontal dashed line represents the burden of organisms at the start of therapy.
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albicans and Fig. 4 for C. glabrata. The exposure response
relationship among the treatment groups was strong (24-h
AUC/MIC R2 � 86% for C. albicans and 24-h AUC/MIC R2 �
58% for C. glabrata). The in vivo micafungin drug exposures
associated with a 1-log reduction in organism burden are also
shown in Table 1. The mean micafungin drug exposures rela-
tive to the MIC necessary to produce a 1-log reduction in yeast
burden were only twofold greater than that associated with
fungal stasis in this model.

DISCUSSION

The study of antimicrobial pharmacodynamics explores the
relationships among drug exposure, in vitro susceptibility, and
treatment outcome (1, 3, 14, 16). These investigations have
been useful for optimizing treatment regimens, defining clini-
cal resistance, and guiding the development of susceptibility
breakpoints (1, 3, 7, 8, 14, 16, 43, 45). The majority of these
studies are undertaken using either in vitro or animal infection
models, and the results are used to predict outcome in humans.
The ability to translate anti-infective pharmacodynamic results
from experimental models to humans is because the antimi-
crobial drug target resides in the pathogen. Thus, the exposure
relative to the organism is independent of the host model

system. For example, studies have demonstrated that an or-
ganism responds similarly if the AUC/MIC exposure is accom-
plished in a mouse or in a human.

Studies have begun to explore these pharmacodynamic re-
lationships for drugs from the most recently U.S. Food and
Drug Administration-approved antifungal drug class, the echi-
nocandins (2, 13, 17, 18, 19, 26, 39, 40, 47, 48, 49, 50). The
results from these investigations have demonstrated concen-
tration-dependent killing. Furthermore, time course studies
have shown that these antifungal effects persist for prolonged
periods after exposure (long postantifungal effects). The phar-
macodynamic indices associated with this pattern killing and
growth suppression include both Cmax/MIC and AUC/MIC.
Not surprisingly, studies examining the impact of each of the
pharmacodynamic indices have demonstrated that both of
these indices are closely associated with treatment efficacy for
each of the available echinocandin drugs (2, 9, 26, 50). Both
pharmacodynamic relationships support a dosing strategy that
includes administration of large, but infrequent doses of echi-
nocandin. Recent retrospective analysis of the clinical use of
micafungin in candidemia demonstrated a statistically signifi-
cant impact of dose level on time to successful response (35).
The clinical impact of the micafungin pharmacodynamic expo-

FIG. 3. Relationship between micafungin total (left) and free (right) drug 24-h AUC/MIC and efficacy against four C. albicans strains. Each
symbol represents the mean CFU/kidneys from three mice. Efficacy on the y axis is expressed as the change in CFU/kidneys compared to the
burden of organisms compared to the start of therapy. The dashed horizontal line represents the burden of organisms in thighs at the start of
therapy. The sigmoid line represents the best-fit curve using the sigmoid Emax model. The R2 is the coefficient of determination.

FIG. 4. Relationship between micafungin total (left)- and free (right)-drug 24-h AUC/MIC and efficacy against ten C. glabrata strains. Each
symbol represents the mean CFU/kidneys from three mice. Efficacy on the y axis is expressed as the change in CFU/kidneys compared to the
burden of organisms compared to the start of therapy. The dashed horizontal line represents the burden of organisms in thighs at the start of
therapy. The sigmoid line represents the best-fit curve using the sigmoid Emax model. The R2 is the coefficient of determination.
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sure has also been demonstrated in a trial of esophageal can-
didiasis (10). In this trial, the two micafungin dosing regimens
were examined and included a regimen of 150 mg daily in
comparison to a regimen of 300 mg every other day. The total
drug exposure or AUC would be similar for the two regimens.
Of note, the clinical and microbiologic efficacy was similar for
both regimens, a finding consistent with results from the pre-
clinical models and demonstrating the importance of the AUC/
MIC index. It will be interesting to see whether additional
lengthening of the dosing interval can be explored in clinical
trials. In animal model studies, the dosing interval of echino-
candins has been successfully lengthened to every 7 days while
maintaining efficacy (2, 21).

The definition of an optimal dosing strategy leads logically to
the next pharmacodynamic question: what is the optimal phar-
macodynamic target or, for echinocandins, the Cmax/MIC or
AUC/MIC exposure needed for efficacy? In other words, what
drug dose is needed for a favorable treatment outcome? Drugs
from the echinocandin class, including caspofungin, micafun-
gin, and anidulafungin, exert potent activity against many fun-
gal pathogens, including Candida species (20, 41, 42). Repro-
ducible susceptibility testing methods have been adopted for
these compounds. Recent suggestions have been made by the
CLSI to define in vitro susceptibility breakpoints for the avail-
able echinocandins. The rationale for these decisions is similar
to that used for the other available antifungal compounds and
includes MIC distribution, clinical outcome relative to MIC,
and pharmacodynamic analyses from experimental and clinical
data sets. Unfortunately, there has been limited investigation
of optimal pharmacodynamic target with the echinocandins.

The potency and MIC distribution of this class is similar
(narrow range) against C. albicans and C. glabrata. The most
common clinical Candida species for which echinocandin in
vitro potency is reduced is Candida parapsilosis. Most C. parap-
silosis isolates are roughly 50- to 100-fold less susceptible to
echinocandins than are other common Candida species. Clin-
ical trials have demonstrated the effectiveness of these com-
pounds for management of both mucosal and systemic candi-
diasis against all Candida species (10, 11, 29, 32, 33, 38, 44, 46).
In these large trials, the majority of organisms exhibited very
low MICs, and there has been no discernible relationship be-
tween in vitro susceptibility and treatment efficacy. The only
isolates with elevated MICs are the few C. parapsilosis infec-
tions, and patients infected with these isolates fared well in
these trials. However, case reports describing treatment failure
and elevated MICs for C. albicans and C. glabrata have begun
to accumulate (23, 25, 28, 31, 33). The goal of the present study
was to begin to determine the amount of drug relative to the
MIC or the magnitude of the predictive pharmacodynamic
index required for the treatment efficacy of micafungin. In
addition, we wanted to determine whether the pharmacody-
namic target was similar among Candida species (C. albicans
and C. glabrata) and echinocandin drugs (micafungin and
anidulafungin). In designing these experiments we attempted
to utilize strains with various in vitro susceptibilities to micaf-
ungin. The less-susceptible strains used in these studies have
been previously clinically characterized and studied in this
model with another echinocandin, anidulafungin (9, 28). Sim-
ilar to previous reports, response to the echinocandin therapy

in the present studies was related to the organism MIC with
both endpoints (9, 13).

In the present study we considered the 24-h AUC/MIC in-
dex in pharmacodynamic calculations. In addition, because
previous pharmacodynamic studies with other antimicrobials
have demonstrated the importance of considering protein
binding, we accounted for both the total (protein bound) and
free (unbound) drug concentrations in these analyses (7, 9, 36,
49). Furthermore, since it not known which echinocandin
treatment endpoint in this in vivo model will correlate with the
outcome in patients we considered both an inhibitory endpoint
(static dose) and a killing endpoint (1-log reduction). In studies
with all 14 organisms we observed an inhibitory effect relative
to the organism burden at the start of therapy. We also ob-
served a 1-log reduction in vivo with all but one of the isolates.
The amount of drug required for these treatment endpoints
appeared related to the organism MIC. These data suggest a
strong relationship between exposure and effect and further
demonstrate the relevance of the MIC.

Recent pharmacodynamic studies with the echinocandin
anidulafungin in this model with the same organisms demon-
strated a similar pharmacodynamic relationship (9). The 24-h
free-drug AUC/MIC values associated with a static effect and
1-log reduction were 18 � 15 and 39 � 45, respectively. How-
ever, if one only considers total drug concentrations, it would
appear that the micafungin exposure needed for efficacy
(AUC/MIC) was more than 1,000 AUC/MIC units greater
than that for anidulafungin. However, with free-drug consid-
erations, the values are similar (based on statistical comparison
using the Mann-Whitney rank sum test [P � 0.53]) since the
degree of protein binding is greater for micafungin than for
anidulafungin. In fact, the entire dose-response relationship
for these two echinocandins against this set of C. albicans and
C. glabrata isolates is also very similar (Fig. 5).

Human pharmacokinetics with micafungin demonstrate a
long half-life and protein binding values essentially the same as
those observed in mice (22, 24, 27, 34). In healthy volunteers,
a dose of 100 mg/day produces a steady-state AUC of 126
mg � h/liter (free-drug value of 0.32 mg � h/liter). Recent pop-
ulation pharmacokinetic studies reported a similar exposure
that was dependent upon the weight of the patient (range, 83
to 121 mg � h/liter) (22). A global survey of more than 2,500
target Candida isolates observed MICs varying from 0.007 to
2.0 �g/ml. The MIC50 and MIC90 in the present study were
0.015 and 0.03 �g/ml for C. albicans and 0.015 and 0.015 �g/ml
for C. glabrata, respectively. If one considers the inhibitory
pharmacodynamic targets identified in the current in vivo
model, the 100-mg/day micafungin dosing regimen would ex-
ceed the free-drug 24-h AUC/MICs for both C. albicans and C.
glabrata for more than 90% of organisms (9, 41, 42). Thus far,
there is minimal clinical data to reliably discern the impact of
echinocandin MICs on treatment outcome. The current in vivo
pharmacodynamic studies would suggest that at least for C.
albicans and C. glabrata the lack of correlation between MIC
and outcome is related to the very low MIC distribution ob-
served in these clinical trials (29, 32, 37, 44).

In summary, these studies identify the pharmacodynamic
target needed to achieve a static and killing endpoint against C.
albicans and C. glabrata in a neutropenic murine disseminated
candidiasis model. Consideration of this target relative to hu-
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man micafungin pharmacokinetics for the 100-mg/day dosing
regimen would predict that this regimen achieves an inhibitory
pharmacodynamic target against C. albicans and C. glabrata
organisms with MICs up to 0.06 �g/ml. Future studies should
attempt to examine the impact of higher MICs observed with
the C. parapsilosis species and the less-susceptible C. albicans
and C. glabrata.
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