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Prevention of fungal infection in at-risk
patients is an established medical prac-
tice. Establishing the optimal combina-
tion of antifungal agent with the highest
at-risk group has been the subject of hun-
dreds of studies. Given the mortality as-
sociated with invasive candidiasis (IC)
in the intensive care unit (ICU), a pro-
phylactic approach to antifungal therapy
is attractive, but little studied, other than
in certain patient subgroups, such as liver
transplant recipients and neonates. In ge-
neral ICU patients, only fluconazole has
been studied and probably has a role in
those at high risk of developing Candida
peritonitis, and by implication those with
pancreatitis [1]. In this issue of Clinical
Infectious Diseases, Ostrosky-Zeichner
et al have authored the first multicenter
trial (MSG-01) in a larger group of at-
risk patients and utilize the echinocandin
caspofungin, a broader-spectrum agent
than fluconazole, as antifungal prophy-
laxis. Overall, their results do not show
a benefit in these at-risk ICU patients.

Based on this study, prophylactic use of
caspofungin cannot be recommended
for all at-risk ICU patients to prevent IC.
Identification of at-risk patients is

central to prudent use of antifungal pro-
phylaxis in the ICU. There are some un-
certainties in MSG-01 related to the
selection of at-risk patients. For example,
patients undergoing major cardiovas-
cular surgery are at lower risk of IC
than those with abdominal surgery, and
yet both groups are lumped together
under “major surgery”; 14% of the pa-
tients had cardiovascular surgery and
only 11% had gastrointestinal surgery.
Furthermore, the authors use a prediction
rule that they had developed previously to
identify at-risk patients; this prediction
rule excludes solid organ transplant re-
cipients, and yet in the current article
corticosteroid therapy is considered a
risk categorization and there is no men-
tion of transplantation. In addition, the
incidence of IC in patients identified
using this prediction rule is lower in
both groups (prophylaxis and placebo)
than expected. Taken together, these fea-
tures of the current study make the utility
of the findings difficult to translate.
The authors utilize the 2008 European

Organization for Research and Treatment
of Cancer/Invasive Fungal Infections Co-
operative Group and the National Insti-
tute of Allergy and Infectious Diseases
Mycoses Study Group (EORTC/MSG)

diagnostic criteria for determination of
proven and probable cases of IC. Howev-
er, these criteria were specifically devel-
oped for immunocompromised patients,
not ICU patients. Indeed, the authors of
the EORTC/MSG criteria explicitly cau-
tioned against using the probable criteria
in ICU patients. An alternative approach
would have been to use the criteria as de-
scribed by Eggiman et al or Senn et al,
which identified patients who could ben-
efit from the use of antifungal prophylax-
is in the ICU [2, 3]. In addition, in the
current study, the criteria for the diagno-
sis of Candida peritonitis are not clearly
defined; this is an important and tricky
diagnosis in ICU patients and open to
both over- and underdiagnosis. In a
large multicenter ICU study in France,
there were approximately 2 cases of can-
didemia for every 1 case of Candida peri-
tonitis, with only a minority of the latter
having positive blood cultures [4]. Fur-
thermore, fluconazole (and presumably
caspofungin) reduces diagnostic yield
from blood culture in patients with au-
topsy demonstration of IC [5]. The com-
bination of an imprecise definition of
Candida peritonitis and “false negative”
blood cultures may have led to the appar-
ent nonsignificant reduction in IC. This
could account for the lack of survival
benefit. Whereas the use of β-1,3-D-glu-
can to aid in the diagnosis of proven
and probable IC is appropriate and
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welcomed, unfortunately, no comparison
of β-1,3-D-glucan values in the 2 arms of
the study is provided.

This MSG-01 study underscores the
existing literature on the morbidity asso-
ciated with IC; patients with proven and
probable IC had significantly longer
lengths of ICU stay. The importance of
early treatment of IC has already been
documented [6]. Ostrosky-Zeichner et al
report that a “preemptive approach” in
managing at-risk ICU patients was asso-
ciated with a lower incidence of proven or
probable IC. However, the terminology
used is somewhat confusing. This pre-
emptive group is merely all patients en-
rolled in the study of caspofungin
prophylaxis, including those who were
excluded due to proven or probable IC
at baseline, whereas the term “preemp-
tive” has historically referred to identifi-
cation of a specific risk marker such as
a high cytomegalovirus polymerase
chain reaction (PCR) posttransplant or
Candida tropicalis in the stool of a neu-
tropenic patient. Drawing conclusions
from this group seems dangerous, partic-
ularly if these data are used to promote
antifungal prophylaxis in the ICU. Al-
though the authors assert that including
these patients complies with the intent
and concept of preemptive therapy, the
study is not designed to truly evaluate a
preemptive approach, as they used the in-
cidence of proven or probable IC as their
outcome. A further multicenter study of
screening using newer diagnostic tech-
niques would be required to answer the
question of whether a truly preemptive
approach (ie, commencement of antifun-
gal therapy in at-risk patients, followed by
close follow-up and discontinuation of
antifungal therapy if IC is excluded) im-
pacts patient outcomes and would have
far greater clinical implications. Real-
time PCR may ultimately prove to be a
better screening and diagnostic tool
than β-1,3-D-glucan [7].

Although prophylactic use of antifun-
gal therapy is attractive, particularly as
the incidence of IC in ICU patients

increases, there may be longer-term epi-
demiological considerations. Caspofun-
gin was licensed in the United States in
2001, and to date the development of
echinocandin resistance among Candida
species has been rare, possibly leading
to complacency about the ability of
Candida species to circumvent echino-
candin therapy. Recently published is
the emergence of high rates of echinocan-
din resistance (>12%) in already flucona-
zole-resistant Candida glabrata clinical
isolates [8, 9]. Loss of susceptibility to
echinocandins in Candida species leaves
only amphotericin B (with or without flu-
cytosine) for treatment, which is not an
ideal agent in critically ill ICU patients.
It has also been shown that with the in-
creasing use of fluconazole, the epidemi-
ology of Candida species in the hospital
setting changes due to selective pressure.
Fluconazole-resistant Candida species
(notablyC. glabrata and C. krusei) become
more prevalent [10]. More recent reports
of the emergence of rare, multidrug-resis-
tant Candida species [11] should ring
alarm bells regarding antifungal overuse.
Therefore, not only does the lack of bene-
fit overall clearly indicate that caspofungin
should not be used as a prophylactic agent,
the emergence of resistant Candida spe-
cies also speaks against this approach.
An additional important consideration

in modern healthcare settings, especially
in the world’s most expensive healthcare
system—the United States—is that of cost.
The average wholesale price of both the
loading and daily maintenance doses of
caspofungin is more than $400. A prophy-
lactic approach such as the one studied in
this study would need to demonstrate clear
benefit to justify such cost, and it does not.
At this time, prophylaxis with antifun-

gal agents in ICU patients should be
limited to the patient populations in
which it has been shown to have proven
benefit (post–gastrointestinal perforation;
severe pancreatitis; liver, pancreas, and/or
small bowel transplant; extremely low
birth-weight neonates) [1]. There are im-
portant implications for the development

of antifungal resistance and cost, despite
the tolerability of caspofungin, should
a strategy of prophylaxis be pursued.
Further study is warranted on the use
of newer diagnostic techniques coupled
with a truly preemptive approach to the
use of antifungal therapy in ICU patients.
Strategies such as these may impact mor-
tality in IC in the ICU, and we await
the outcome of well-conducted clinical
studies to evaluate them.
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