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Abstract

Introduction: During the past decade, the incidence of Candida infections in hospitalized patients has increased,
with fluconazole being the most commonly prescribed systemic antifungal agent for these infections. However, the
2009 Infectious Diseases Society of America (IDSA) candidiasis guidelines recommend an echinocandin for the
treatment of candidemia/invasive candidiasis in patients who are considered to be “moderately severe or severely”
ill. To validate these guidelines, clinical trial data were reviewed.

Methods: A secondary analysis of data from a previously published prospective, randomized, double-blind clinical
trial was performed; it compared anidulafungin with fluconazole for the treatment of invasive candidiasis and
candidemia. Patients with critical illness were identified at study entry by using the following criteria: Acute
Physiology and Chronic Health Evaluation (APACHE) II score of ≥ 15, evidence of severe sepsis (sepsis and one or
more end-organ dysfunctions) present, and/or patient was in intensive care. Global response rates were compared
at the end of intravenous study treatment (the primary end point of the original study) and all-cause mortality at
14 and 28 days from study entry in this group.

Results: The patients (163 (66.5%) of 245) fulfilled at least one criterion for critical illness (anidulafungin, n = 89;
fluconazole, n = 74). No significant differences were found in baseline characteristics between the two treatment
groups. The global response rate was 70.8% for anidulafungin and 54.1% for fluconazole (P = 0.03; 95% confidence
interval (CI): 2.0 to 31.5); all-cause mortality was 10.1% versus 20.3% at 14 days (P = 0.08; 95% CI, -0.9 to 21.3) and
was 20.2% versus 24.3% at 28 days (P = 0.57; 95% CI, -8.8 to 17.0) for anidulafungin and fluconazole, respectively.

Conclusions: In this post hoc analysis, anidulafungin was more effective than fluconazole for treatment of severely
ill patients with candidemia, thus supporting the 2009 IDSA guidelines.

Trial registration: Clinicaltrials.gov NCT00058682.

Introduction
The incidence of Candida infections in hospitalized
patients has increased over the past decade [1-6]. Can-
dida spp. are now the third most frequent cause of
nosocomial bloodstream infections in the intensive care
unit (ICU), accounting for up to 10% to 15% of all septi-
cemia cases in this setting [1,4-6]. In the United States,

the incidence of Candida bloodstream infections in sur-
gical ICUs was reported to be 9.82 per 1,000 admissions
[7], and, in a large international survey, the prevalence
was 6.9 per 1,000 ICU admissions [8]. Candida blood-
stream infections in the ICU are commonly associated
with high mortality [1,6,9-11], and a European study
showed mortality in ICU patients with candidemia to be
significantly higher than that in the overall population
of hospitalized patients [12]. Worldwide, C. albicans
remains the most common Candida spp. responsible for
candidemia, whereas non-albicans spp. compose 40%;
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however, geographic and age-related differences in the
causative Candida spp. have been noted [13-16].
Fluconazole remains the most commonly prescribed

systemic antifungal agent for treatment of candidemia
and other forms of invasive candidiasis [8,10,17]. How-
ever, the 2009 Infectious Diseases Society of America
(IDSA) treatment guidelines favor an echinocandin (ani-
dulafungin, caspofungin, or micafungin) as initial ther-
apy for candidemia in patients with “moderately severe
to severe” illness, with fluconazole reserved for patients
who are less severely ill [18]. The echinocandins are
highly active against a broad spectrum of Candida spp.
(anidulafungin minimum inhibitory concentration (MIC)
50/MIC90 0.06/2 μg/ml; caspofungin MIC50/MIC90, 0.03/
0.25 μg/ml, and micafungin MIC50/MIC90 0.015/1 μg/
ml), including C. glabrata and C. krusei, against which
the azole antifungal agents are known to have less activ-
ity [19]. In prospective, randomized clinical trials, caspo-
fungin has been demonstrated to be at least as effective
as amphotericin B [20], and micafungin was shown to
be as effective as liposomal amphotericin B [21] and cas-
pofungin [22]. Only one study to date has compared an
echinocandin with fluconazole for the treatment of can-
didemia [23]. In that prospective, randomized, double-
blind study, global success at end of intravenous treat-
ment was 75.6% in the anidulafungin group, compared
with 60.2% in the fluconazole group (95% confidence
interval (CI) 3.9 to 27.0) [23]. The results were similar
for other efficacy end points. Based on a review of the
distribution of baseline Acute Physiology and Chronic
Health Evaluation (APACHE) II scores in this study
[23], we suspected that a substantial proportion of
patients would be considered severely ill at study entry.
We saw this as an opportunity to compare outcomes in
these patients, allowing us to validate the 2009 IDSA
candidemia treatment guidelines.

Materials and methods
In the previously published study, 245 adult patients
with culture-confirmed candidemia were randomly
assigned to receive initial study treatment with either
intravenous (IV) anidulafungin or fluconazole. Patients
were administered IV anidulafungin (200 mg on day 1,
and then 100 mg daily) or IV fluconazole (800 mg on
day 1, and then 400 mg daily) for ≥ 10 days. Therapy
with IV study drug was optionally followed by oral flu-
conazole if certain predefined conditions were met. The
study protocol was approved by the institutional review
board at each of the participating centers, and all
patients, or their legal representatives, provided written
informed consent before enrollment. The trial was regis-
tered on Clinicaltrials.gov (NCT00058682). Complete
details on study design and results were published else-
where [23].

Patients in this study were considered to be severely ill
if they met any of the following criteria at study entry:
APACHE II score ≥ 15 (which was above the median
APACHE II score of patients in the primary study [23]
and is associated with a mortality of 20% or greater in
patients with severe sepsis [24]); requirement for inten-
sive care; or evidence of severe sepsis present. The origi-
nal study required that patients have a diagnosis of
candidemia and meet at least two of the criteria for sys-
temic inflammatory response syndrome (SIRS) [25].
Consensus definitions for end-organ dysfunction were
developed based on the clinical and laboratory data col-
lected during the study: cardiovascular dysfunction was
defined as a need for a vasopressor agent within 24
hours of study entry; renal dysfunction was defined as a
calculated creatinine clearance < 30 ml/min [26] or
need for dialysis at study entry; respiratory dysfunction
was defined as a requirement for mechanical ventilation;
hepatic dysfunction was defined as total bilirubin level
greater than twice the upper limit of normal (ULN) or
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), or alkaline phosphatase greater than 5
times ULN; multiple organ dysfunction was defined as
the presence of more than one single-organ dysfunction.
The primary analysis was a comparison of the investi-

gator-assessed global (that is, combined clinical and
microbiologic) response at the end of IV study treat-
ment (referred to hereafter as end of treatment) with
either anidulafungin or fluconazole. Secondary analyses
included comparison of global response in each of the
three subpopulations: (a) patients with APACHE II
score ≥ 15; (b) patients in an ICU; and (c) patients with
severe sepsis. To identify any potential imbalances
between treatment groups, baseline demographic and
clinical characteristics were compared by using the
Fisher Exact test or t test, as appropriate. The limited
sample size did not provide sufficient power to adjust
for possible confounders or multiple comparisons within
groups. All-cause mortality was compared at 14 days
(the median duration of treatment with anidulafungin)
and at 28 days, by using the Fisher Exact test. Survival
duration at 14 and 28 days was also compared by using
Kaplan-Meier analysis and the log-rank test.

Results
Of the 245 patients, 163 (66.5%) fulfilled at least one of
the criteria for critical illness: 89 received anidulafungin,
and 74 received fluconazole. We found no significant
differences in baseline characteristics between the two
treatment groups (Table 1). In patients with critical ill-
ness overall, the global response rate was 70.8% for ani-
dulafungin and 54.1% for fluconazole (P = 0.03; 95% CI,
2.0 to 31.5); all-cause mortality at 14 days was 10.1%
versus 20.3% (P = 0.08 by the Fisher Exact test; 95% CI,
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-0.9 to 21.3), and at 28 days was 20.2% versus 24.3%
(P = 0.57 by the Fisher Exact test; 95% CI, -8.8 to 17.0) for
anidulafungin and fluconazole, respectively (Table 2 and
Figure 1). The Kaplan-Meier comparison of survival at day
14 is presented in Figure 2 (P = 0.07 by log-rank test).

APACHE II score ≥ 15
Of the original 245 patients, 113 (46.1%) had an
APACHE II score ≥ 15 at study entry: 63 were treated
with anidulafungin, and 50 with fluconazole. In this
group, global response at the end of treatment was sig-
nificantly higher with anidulafungin than with flucona-
zole (68.3% versus 46.0%; P < 0.05; 95% CI, 4.3 to 40.2)
(Table 2 and Figure 1). All-cause mortality at 14 days
was 14.3% for anidulafungin and 28.0% for fluconazole,
with a difference of 13.7 percentage points (95% CI, -1.4
to 28.9; P = 0.10 by the Fisher Exact test). All-cause

mortality at 28 days was 27.0% for anidulafungin and
34.0% for fluconazole, with a difference of 7.0 percen-
tage points (95% CI, -10.0 to 24.1; P = 0.54 by the Fisher
Exact test). No statistically significant differences were
found in the comparisons of Kaplan-Meier estimates of
survival at day 14 (P = 0.07 by log-rank test) or day 28
(P = 0.42 by log-rank test).

Severe sepsis
Of the original 245 patients, 118 (48.2%) met the criteria
for severe sepsis (SIRS with end-organ dysfunction) at
study entry: 62 were treated with anidulafungin, and 56
with fluconazole. Global response at end of treatment
(Table 2 Figure 1) was 67.7% for anidulafungin and
51.8% for fluconazole (P = 0.092; 95% CI, -1.6 to 33.5).
All-cause mortality at 14 days was 12.9% for anidulafun-
gin and 19.6% for fluconazole, with a difference of 6.7
percentage points (95% CI, -6.6 to 20.1; P = 0.45 by
Fisher Exact test); all-cause mortality at 28 days was
25.8% for anidulafungin and 25.0% for fluconazole, with
a difference of -0.8 percentage points (95% CI, -17.0 to
14.9; P = 0.93 by Fisher Exact test). No statistically sig-
nificant differences were noted in the comparisons of
Kaplan-Meier estimates of survival at day 14 (P = 0.33
by log-rank test) or day 28 (P = 0.98 by log-rank test).
Of the 118 patients with severe sepsis, 44 patients had

respiratory dysfunction, 69 patients had renal dysfunc-
tion, 34 patients had hepatic dysfunction, 33 patients had
cardiovascular dysfunction, and 45 had multiple end-
organ dysfunction. The global responses in each of these
subpopulations are presented in Table 2 and Figure 1.
For patients with multiple end-organ dysfunction, global
response at end of treatment (Table 2 and Figure 1) was
76.2% for anidulafungin and 29.2% for fluconazole (P <
0.05; 95% CI, 21.3 to 72.8). In this subpopulation, all-
cause mortality at 14 days was 19.0% for anidulafungin
and 29.2% for fluconazole, with a difference of 10.1 per-
centage points (95% CI, -15.0 to 34.9; P = 0.50 by Fisher
Exact test), and all-cause mortality at 28 days was 38.1%
for anidulafungin and 33.3% for fluconazole, with a dif-
ference of -4.8 percentage points (95% CI, -33.0 to 23.3;
P = 0.77 by Fisher Exact test). Again, no statistically sig-
nificant differences were seen in the comparisons of
Kaplan-Meier estimates of survival at day 14 (P = 0.45 by
log-rank test) or day 28 (P = 0.85 by log-rank test).

ICU patients
Hospital records for 166 of the 245 study patients were
reviewed to identify patients in an ICU at study entry.
Of the 166 patients, 63 were found to be in an ICU at
study entry, and of these, 35 patients received anidula-
fungin and 28 received fluconazole. Global response at
end of treatment (Table 2 and Figure 1) was 68.6% for
anidulafungin and 46.4% for fluconazole (P = 0.122; 95%

Table 1 Baseline demographic and clinical characteristics
in severely ill patients

Anidulafungin
(n = 89)

Fluconazole
(n = 74)

Age (years), mean (SD) 60.2 (16.4) 62.2 (16.4)

APACHE II score, mean (SD) 18.0 (7.0) 17.3 (6.8)

Gender, n (%)

Male 45 (50.6) 41 (55.4)

Female 44 (49.4) 33 (44.6)

Race, n (%)

White 65 (73.0) 59 (79.7)

Black 19 (21.3) 9 (12.2)

Other 5 (5.6) 6 (8.1)

Absolute neutrophil count, n (%)

≤ 500 3 (3.4) 4 (5.4)

> 500 86 (96.6) 70 (94.6)

Risk factors for candidemia, n (%)

Central venous catheter 71 (79.8) 58 (78.4)

Broad-spectrum antibiotics 65 (73.0) 53 (71.6)

Recent surgery 37 (41.6) 34 (45.9)

Recent hyperalimentation (TPN) 25 (28.1) 16 (21.6)

Malignancy 23 (25.8) 16 (21.6)

Immunosuppressive therapy 14 (15.7) 19 (25.7)

Transplant 5 (5.6) 4 (5.4)

Source of isolates, n (%)

Candidemia 85 (95.5) 69 (93.2)

Intra-abdominal infection 4 (4.5) 5 (6.8)

Candida spp., n (%)

Single isolate 81 (91.0) 69 (93.2)

C. albicans 45 (50.6) 43 (58.1)

C. glabrata 15 (16.9) 14 (18.9)

C. parapsilosis 10 (11.2) 4 (5.4)

C. tropicalis 9 (10.1) 6 (8.1)

Mixed 8 (9.0) 5 (6.8)

APACHE, Acute Physiology and Chronic Health Evaluation; SD, standard
deviation; TPN, total parenteral nutrition.
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CI, -1.9 to 46.2). All-cause mortality at 14 days was 8.6%
for anidulafungin and 21.4% for fluconazole (95% CI,
-4.9 to 30.7; P = 0.17 by Fisher Exact test). All-cause
mortality at 28 days was 17.1% for anidulafungin and
28.6% for fluconazole (95% CI, -9.4 to 32.3; P = 0.36 by
Fisher Exact test). No statistically significant differences
were found in the comparisons of Kaplan-Meier esti-
mates of survival at day 14 (P = 0.16 by log-rank test)
or day 28 (P = 0.27 by log-rank test).

Safety
The number of treatment-related adverse events was
similar in the two treatment arms: 44 treatment-related
adverse events were reported in 22 (23.7%) of 93
patients receiving anidulafungin, and 40 treatment-
related adverse events were reported in 21 (27.3%) of 77
patients receiving fluconazole. All-causality adverse
events leading to discontinuation of the study drug
occurred in 13 (14%) of 93 patients receiving anidula-
fungin and in 18 (23.4%) of 77 patients receiving fluco-
nazole (P = 0.16). The majority of these treatment-

Table 2 Global response at end of treatment among severely ill patients and the various subpopulations

Patient group Global response at end of treatment

Anidulafungin Fluconazole P value Absolute difference (95% CI)

n (%)

Moderate to severe illness Success 63/89 (70.8) 40/74 (54.1) 0.034 16.7% (2.0, 31.5)

Failure 26/89 (29.2) 34/74 (45.9)

APACHE II ≥ 15 Success 43/63 (68.3) 23/50 (46.0) 0.022 22.3% (4.3, 40.2)

Failure 20/63 (31.7) 27/50 (54.0)

Severe sepsis with ≥ 1 organ dysfunction Success 42/62 (67.7) 29/56 (51.8) 0.092 16.0% (-1.6, 33.5)

Failure 20/62 (32.3) 27/56 (48.2)

Respiratory dysfunction Success 16/22 (72.7) 7/22 (31.8) 0.015 40.9% (14.0, 67.8)

Failure 6/22 (27.3) 15/22 (68.2)

Renal dysfunction Success 26/36 (72.2) 18/33 (54.5) 0.142 17.7% (-4.7, 40.1)

Failure 10/36 (27.8) 15/33 (45.5)

Hepatic dysfunction Success 13/18 (72.2) 7/16 (43.8) 0.163 28.5% (-3.4, 60.4)

Failure 5/18 (27.8) 9/16 (56.3)

Cardiovascular dysfunction Success 6/13 (46.2) 8/20 (40.0) 1.000 6.2% (-28, 40.7)

Failure 7/13 (53.8) 12/20 (60.0)

Severe sepsis with multiple organ dysfunction Success 16/21 (76.2) 7/24 (29.2) 0.003 47.0% (21.3, 72.8)

Failure 5/21 (23.8) 17/24 (70.8)

Treatment in ICU Success 24/35 (68.6) 13/28 (46.4) 0.122 22.1% (-1.9, 46.2)

Failure 11/35 (31.4) 15/28 (53.6)
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limiting adverse events were signs and symptoms of
worsening disease rather than adverse events related to
medication toxicity.

Discussion
The 2009 IDSA candidemia treatment guidelines recom-
mend initial treatment with an echinocandin in patients
with “moderately severe to severe” illness [18]. To vali-
date these guidelines for the treatment of candidemia,
we identified a group of patients with critical illness at
study entry in a prospective, randomized clinical trial
that compared anidulafungin with fluconazole [23]. In
this group, global response at end of treatment was sig-
nificantly higher with anidulafungin than with
fluconazole.
We believe that this global-response observation sup-

ports the IDSA candidemia guidelines, as well as current
European guidelines that recommend an echinocandin
for treatment of candidemia in hemodynamically
unstable ICU patients [27]. Three recent reports, how-
ever, were unable to confirm the advantage of an echi-
nocandin over other systemic antifungal agents for the
treatment of candidemia in ICU patients. Two post hoc
subgroup analyses of data collected in prospective ran-
domized studies reported similar clinical responses and
all-cause mortality in ICU patients receiving initial treat-
ment with an echinocandin (micafungin or caspofungin)
when compared with amphotericin B-based comparators
[28,29]. Similarly, a post hoc analysis of patients with
candidemia requiring mechanical ventilation failed to
demonstrate a survival advantage for an echinocandin
compared with fluconazole, even after adjusting for non-
treatment factors [30]. In our analysis, similar patients
with candidemia and respiratory failure who were trea-
ted with anidulafungin had better global responses at
the end of treatment compared with those with flucona-
zole, but no significant difference in survival was found.
In contrast to other studies, we did not limit our analy-
sis to ICU patients. To be more consistent with the
IDSA guidelines, we identified patients who were con-
sidered to be “moderately severe to severely ill” and
included patients outside of an ICU setting.
The recent IDSA clinical practice guidelines suggest

that more severely ill patients with candidemia should
receive echinocandins as first-line therapy [18]; however,
they do not provide a definition for “moderately severe
to severe” illness. To test these recommendations, we
had to create a clinically valid definition for this patient
population. We first attempted to identify patients who
were likely to have been severely ill because they were
in an ICU at study entry. However, this information was
not collected in the casebook, and hospital medical
records were available for review for only two thirds of
the study population. In addition, criteria for ICU

admission were potentially different across study sites.
We then considered all patients with a baseline
APACHE II score ≥ 15 at study entry to be severely ill,
because this score is associated with a mortality of 20%
or greater in septic patients [24]. However, these
APACHE II scores were calculated at study entry, and
not necessarily at the time of ICU admission, where
these scores have been validated. We then identified all
patients with sepsis and evidence of organ dysfunction
at study entry because these patients would also be con-
sidered to be severely ill. To accomplish this, we gener-
ated and applied consensus definitions for severe sepsis
with respiratory, renal, hepatic, and/or cardiovascular
dysfunction based on the information collected during
the study. The data required to categorize other types of
end-organ (for example, central nervous system) dys-
function, or those with septic shock, however, were not
collected in a consistent manner in the study case-
report form.
We considered patients who met any of these three

criteria to be severely ill for the purpose of this analysis.
This strategy has the advantage of allowing us to iden-
tify these patients independent of hospital ward location,
as well as APACHE II scores at study entry. However,
prospective studies using more-formal definitions for
severely ill patients with candidemia should be consid-
ered. In addition, step-down therapy to fluconazole
should be evaluated for patients who have improved
clinically after initial therapy with an echinocandin and
who are infected with an organism that is likely to be
fluconazole susceptible, in line with IDSA guidelines
[18]. As reported by Reboli et al. [23], the majority of
pathogens isolated in this study, including C. glabrata
isolates, were susceptible to fluconazole. Of note, several
critically ill patients with C. parapsilosis infection had a
satisfactory response to anidulafungin.
Our study has important limitations. It is a post hoc

analysis of the prospective, randomized, double-blind,
clinical trial that compared anidulafungin with flucona-
zole for the treatment of candidemia [23]. The defini-
tions used to classify patients as severely ill relied on
data obtained from case-report forms and from a post
hoc chart review encompassing the majority of rando-
mized patients. Additionally, a substantial overlap
existed between these definitions; therefore, some
patients were included in more than one of the resulting
three groups. Although a numerically greater global
response was noted with anidulafungin versus flucona-
zole in essentially all subsets of severely ill patients, clas-
sification of patients into three groups resulted in
relatively small sample sizes, and for several of these
groups, the difference in global response rates did not
approach statistical significance. In addition, subdivision
into small sample sizes meant that this analysis was
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underpowered to detect differences in survival between
the two treatment groups, and no statistically significant
differences were observed. In the anidulafungin and flu-
conazole comparative trial [23], a trend toward
improved survival was seen in patients receiving anidu-
lafungin (P = 0.10 when comparing Kaplan-Meier esti-
mates of survival).
In summary, in our analysis of severely ill patients with

candidemia, anidulafungin was associated with improved
global response at end of study treatment compared with
fluconazole. Although derived from a post hoc analysis of
clinical trial data, these observations support the 2009
IDSA treatment guidelines, which recommend an echi-
nocandin for primary treatment of moderately severe to
severely ill patients with candidemia. Additional studies
should be conducted the better to define the critical care
patient population(s) that would most benefit from initial
treatment with an echinocandin.

Key messages
• Fluconazole is the most common systemic antifungal
agent prescribed for treatment of candidemia and
invasive candidiasis; however, the 2009 Infectious Dis-
eases Society of America (IDSA) treatment guidelines
favor an echinocandin as initial therapy for candidemia
in patients with moderately severe to severe illness.
• This retrospective review of data from the prospec-
tive, randomized, double-blind clinical trial demon-
strated that anidulafungin is more effective than
fluconazole for treatment of severely ill patients with
candidemia, thus supporting the 2009 IDSA guidelines.

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; CI: confidence interval;
ICU: intensive care unit; IDSA: Infectious Diseases Society of America; IV:
intravenous; MIC: minimum inhibitory concentration; SD: standard deviation;
SIRS: systemic inflammatory response syndrome; TPN: total parenteral
nutrition; ULN: upper limit of normal.

Acknowledgements
The original clinical trial was sponsored by Vicuron; Vicuron was acquired by
Pfizer Inc. in July 2005. The analyses described in this article were
undertaken by Pfizer Inc., and all authors had access to the resultant data.
Editorial assistance was provided by D Wolf, of Parexel, and Fiona Boswell,
PhD, at Complete Medical Communications, and was funded by Pfizer Inc.

Author details
1The Miller School of Medicine at the University of Miami, Jackson Memorial
Hospital, 1611 NW 12th Avenue, Miami, FL 33136, USA. 2Pulmonary Critical
Care, Washington Hospital Center, 110 Irving Street, Washington, DC 20010,
USA. 3Faculty Affairs, Cooper Medical School of Rowan University, Ferry
Terminal Building, Two Aquarium Drive, Camden, NJ 08103, USA. 4Specialty
Business Unit, Pfizer Pharmaceuticals, 235 East 42nd Street, New York, NY
10017-5703, USA. 5Specialty Care Business Unit, Pfizer Pharmaceuticals, 500
Arcola Rd, Collegeville, PA 19426-3982, USA.

Authors’ contributions
DK, HS, PB, and AR contributed to the design of the study. All authors
contributed to the acquisition of data, analysis, and interpretation of data. PB

designed and analyzed the statistical analysis of the data presented in this
article. All authors were involved in revising the draft manuscript. All authors
read and approved the final manuscript.

Competing interests
DHK has received research support from Akers Bioscience, Astellas, Biogel/
Hibiclens, Ortho-McNeil, and Pfizer; has been a consultant to Astellas, Lilly,
and Pfizer; and has served as a speaker for Astellas, Cubist, Glaxo, Lilly,
Ortho-McNeil, Pfizer, and Wyeth. AFS has served as a consultant to, speaker
for, and/or has received research support from Astellas, Merck, and Pfizer.
ACR has received clinical research grant support from Merck and Pfizer, has
been a consultant for Merck and Pfizer, and has been a lecturer for Pfizer.
ALR, PB, and HTS are employees of Pfizer Inc.

Received: 26 July 2011 Revised: 14 September 2011
Accepted: 25 October 2011 Published: 25 October 2011

References
1. Eggimann P, Garbino J, Pittet D: Epidemiology of Candida species

infections in critically ill non-immunosuppressed patients. Lancet Infect
Dis 2003, 3:685-702.

2. Horn DL, Fishman JA, Steinbach WJ, Anaissie EJ, Marr KA, Olyaei AJ,
Pfaller MA, Weiss MA, Webster KM, Neofytos D: Presentation of the PATH
Alliance registry for prospective data collection and analysis of the
epidemiology, therapy, and outcomes of invasive fungal infections.
Diagn Microbiol Infect Dis 2007, 59:407-414.

3. Kullberg BJ, Oude Lashof AM: Epidemiology of opportunistic invasive
mycoses. Eur J Med Res 2002, 7:183-191.

4. Lipsett PA: Surgical critical care: fungal infections in surgical patients. Crit
Care Med 2006, 34:S215-S224.

5. Richardson MD: Changing patterns and trends in systemic fungal
infections. J Antimicrob Chemother 2005, 56(Suppl 1):i5-i11.

6. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB:
Nosocomial bloodstream infections in US hospitals: analysis of 24,179
cases from a prospective nationwide surveillance study. Clin Infect Dis
2004, 39:309-317.

7. Blumberg HM, Jarvis WR, Soucie JM, Edwards JE, Patterson JE,
Pfaller MA, Rangel-Frausto MS, Rinaldi MG, Saiman L, Wiblin RT,
Wenzel RP: Risk factors for candidal bloodstream infections in surgical
intensive care unit patients: the NEMIS prospective multicenter
study; The National Epidemiology of Mycosis Survey. Clin Infect Dis
2001, 33:177-186.

8. Kett DH, Azoulay E, Echeverria PM, Vincent JL: Candida bloodstream
infections in intensive care units: analysis of the extended prevalence of
infection in intensive care unit study. Crit Care Med 2011, 39:665-670.

9. Garbino J, Kolarova L, Rohner P, Lew D, Pichna P, Pittet D: Secular trends
of candidemia over 12 years in adult patients at a tertiary care hospital.
Medicine (Baltimore) 2002, 81:425-433.

10. Leroy O, Gangneux JP, Montravers P, Mira JP, Gouin F, Sollet JP, Carlet J,
Reynes J, Rosenheim M, Regnier B, Lortholary O: Epidemiology,
management, and risk factors for death of invasive Candida infections in
critical care: a multicenter, prospective, observational study in France
(2005-2006). Crit Care Med 2009, 37:1612-1618.

11. Pappas PG, Rex JH, Lee J, Hamill RJ, Larsen RA, Powderly W, Kauffman CA,
Hyslop N, Mangino JE, Chapman S, Horowitz HW, Edwards JE,
Dismukes WE: A prospective observational study of candidemia:
epidemiology, therapy, and influences on mortality in hospitalized adult
and pediatric patients. Clin Infect Dis 2003, 37:634-643.

12. Tortorano AM, Peman J, Bernhardt H, Klingspor L, Kibbler CC, Faure O,
Biraghi E, Canton E, Zimmermann K, Seaton S, Grillot R: Epidemiology of
candidaemia in Europe: results of 28-month European Confederation of
Medical Mycology (ECMM) hospital-based surveillance study. Eur J Clin
Microbiol Infect Dis 2004, 23:317-322.

13. Apisarnthanarak A, Naknarongkij N, Kiratisin P, Mundy LM: Risk factors and
outcomes of Candida albicans and non-albicans Candida species at a
Thai tertiary care center. Am J Infect Control 2009, 37:781-782.

14. Pfaller MA, Diekema DJ, Gibbs DL, Newell VA, Ellis D, Tullio V, Rodloff A,
Fu W, Ling TA: Results from the ARTEMIS DISK Global Antifungal
Surveillance Study, 1997 to 2007: a 10.5-year analysis of susceptibilities
of Candida species to fluconazole and voriconazole as determined by
CLSI standardized disk diffusion. J Clin Microbiol 2010, 48:1366-1377.

Kett et al. Critical Care 2011, 15:R253
http://ccforum.com/content/15/5/R253

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/14592598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14592598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17888614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17888614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17888614?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12069910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12069910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16917426?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16120635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16120635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15306996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15306996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11418877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11418877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11418877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21169817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21169817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21169817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19325476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19325476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19325476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19325476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12942393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12942393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12942393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15029512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15029512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15029512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19874981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19874981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19874981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20164282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20164282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20164282?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20164282?dopt=Abstract


15. Yang CW, Barkham TM, Chan FY, Wang Y: Prevalence of Candida species,
including Candida dubliniensis, in Singapore. J Clin Microbiol 2003,
41:472-474.

16. Yap HY, Kwok KM, Gomersall CD, Fung SC, Lam TC, Leung PN, Hui M,
Joynt GM: Epidemiology and outcome of Candida bloodstream infection
in an intensive care unit in Hong Kong. Hong Kong Med J 2009,
15:255-261.

17. Charlier C, Hart E, Lefort A, Ribaud P, Dromer F, Denning DW, Lortholary O:
Fluconazole for the management of invasive candidiasis: where do we
stand after 15 years? J Antimicrob Chemother 2006, 57:384-410.

18. Pappas PG, Kauffman CA, Andes D, Benjamin DK Jr, Calandra TF, Edwards JE
Jr, Filler SG, Fisher JF, Kullberg BJ, Ostrosky-Zeichner L, Reboli AC, Rex JH,
Walsh TJ, Sobel JD: Clinical practice guidelines for the management of
candidiasis: 2009 update by the Infectious Diseases Society of America.
Clin Infect Dis 2009, 48:503-535.

19. Pfaller M, Boyken I, Hollis RJ, Kroeger J, Messer SA, Tendolkar S, Diekema DJ:
In vitro susceptibility of invasive isolates of Candida spp. to
anidulafungin, caspofungin, and micafungin: six years of global
surveillance. J Clin Microbiol 2008, 46:150-156.

20. Mora-Duarte J, Betts R, Rotstein C, Colombo AL, Thompson-Moya L,
Smietana J, Lupinacci R, Sable C, Kartsonis N, Perfect J: Comparison of
caspofungin and amphotericin B for invasive candidiasis. N Engl J Med
2002, 347:2020-2029.

21. Kuse ER, Chetchotisakd P, da Cunha CA, Ruhnke M, Barrios C,
Raghunadharao D, Sekhon JS, Freire A, Ramasubramanian V, Demeyer I,
Nucci M, Leelarasamee A, Jacobs F, Decruyenaere J, Pittet D, Ullmann AJ,
Ostrosky-Zeichner L, Lortholary O, Koblinger S, Diekmann-Berndt H,
Cornely OA: Micafungin versus liposomal amphotericin B for
candidaemia and invasive candidosis: a phase III randomised double-
blind trial. Lancet 2007, 369:1519-1527.

22. Pappas PG, Rotstein CM, Betts RF, Nucci M, Talwar D, De Waele JJ,
Vazquez JA, Dupont BF, Horn DL, Ostrosky-Zeichner L, Reboli AC, Suh B,
Digumarti R, Wu C, Kovanda LL, Arnold LJ, Buell DN: Micafungin versus
caspofungin for treatment of candidemia and other forms of invasive
candidiasis. Clin Infect Dis 2007, 45:883-893.

23. Reboli AC, Rotstein C, Pappas PG, Chapman SW, Kett DH, Kumar D, Betts R,
Wible M, Goldstein BP, Schranz J, Krause DS, Walsh TJ: Anidulafungin
versus fluconazole for invasive candidiasis. N Engl J Med 2007,
356:2472-2482.

24. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of
disease classification system. Crit Care Med 1985, 13:818-829.

25. American College of Chest Physicians/Society of Critical Care Medicine:
American College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference: definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. Crit Care Med
1992, 20:864-874.

26. Cockcroft DW, Gault MH: Prediction of creatinine clearance from serum
creatinine. Nephron 1976, 16:31-41.

27. Guery BP, Arendrup MC, Auzinger G, Azoulay E, Borges SM, Johnson EM,
Muller E, Putensen C, Rotstein C, Sganga G, Venditti M, Zaragoza CR,
Kullberg BJ: Management of invasive candidiasis and candidemia in
adult non-neutropenic intensive care unit patients, Part II: Treatment.
Intensive Care Med 2009, 35:206-214.

28. DiNubile MJ, Lupinacci RJ, Strohmaier KM, Sable CA, Kartsonis NA: Invasive
candidiasis treated in the intensive care unit: observations from a
randomized clinical trial. J Crit Care 2007, 22:237-244.

29. Dupont BF, Lortholary O, Ostrosky-Zeichner L, Stucker F, Yeldandi V:
Treatment of candidemia and invasive candidiasis in the intensive care
unit: post hoc analysis of a randomized, controlled trial comparing
micafungin and liposomal amphotericin B. Crit Care 2009, 13:R159.

30. Ferrada MA, Kett DH, Quartin AA, Morris MI: Epidemiology, treatment and
outcomes of candidemia in mechanically ventilated patients [abstract].
Proceedings of the 48th Annual ICAAC/IDSA 46th Annual Meeting,
Washington, DC, October 25-28 2008, 631.

doi:10.1186/cc10514
Cite this article as: Kett et al.: Anidulafungin compared with fluconazole
in severely ill patients with candidemia and other forms of invasive
candidiasis: Support for the 2009 IDSA treatment guidelines for
candidiasis. Critical Care 2011 15:R253.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kett et al. Critical Care 2011, 15:R253
http://ccforum.com/content/15/5/R253

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/12517898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12517898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19652231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19652231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16449304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16449304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19191635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19191635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18032613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18032613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18032613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12490683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12490683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17482982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17482982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17482982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17806055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17806055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17806055?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17568028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17568028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3928249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3928249?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1597042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1597042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1597042?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1244564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1244564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18972100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18972100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17869975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17869975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17869975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19804626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19804626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19804626?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial registration

	Introduction
	Materials and methods
	Results
	APACHE II score ≥ 15
	Severe sepsis
	ICU patients
	Safety

	Discussion
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

