
Treating Invasive Candidiasis:
Sooner (Much Sooner) is Better

A B S T R A C T  &  C O M M E N T A R Y

By Stan Deresinski, MD, FACP

Synopsis: Mortality was significantly lower in post-surgical
patients with invasive candidiasis who received preemptive therapy
when compared to historical controls with later initiation of anti-

fungal therapy.

Source: Shan YS, et al. Early Presumptive Therapy with Fluconazole for
Occult Candida Infection After Gastrointestinal Surgery. World J Surg.

2006;30:119-126.

Shan and colleagues examined outcomes of 18 gastroin-
testinal surgery patients with invasive candidiasis who were treated

preemptively based on clinical criteria from 1999 through 2002, and
compared them to outcomes of 18 patients treated only on the basis
of positive blood cultures or other unequivocal evidence of deep
infection from 1995 through 1998. Almost 90% in each group were
infected with Candida albicans. The clinical criteria used for initia-
tion of preemptive therapy were: persistent fever with prolonged
post-operative ileus, absence of other cause of fever, and receipt of
broad spectrum antibacterial agents. They excluded patients with
hyperalimentation-related candidemia, as well as patients whose
fever subsided after removal of a central venous catheter, even if
blood cultures were positive.

During 1995-1998, 11 patients were treated with fluconazole or
amphotericin B (doses unstated), while 7 received no antifungal
therapy; 14 (77.7%) of the 18 died. All patients were initially treat-
ed with fluconazole 400 mg daily. In contrast, only 2 (11.1%) of the
18 patients treated preemptively during 1999-2002 died, one with
disseminated Candida albicans infection. Each of these 18 initially
received fluconazole 400 mg daily.

Four patients in each group, most with persistent ileus, had break-
through candidemia. Two in the preemptive group had therapy
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changed to amphotericin B, but after proving intolerant
to this drug, they were treated with fluconazole in doses
as high as 16 mg/kg daily. While no susceptibility data is
provided, Shan et al mention lower susceptibility as the
cause of 2 cases of breakthrough candidemia. Multivari-
ate analysis identified early preemptive therapy as the
only independent predictor of lower mortality (OR,
0.025; 95% CI, 0.003-0.182; P < 0.001).

■■ COMMENTARY
The results of this analysis, which relies on an histori-

cal control group, can only be taken as suggestive that
early preemptive therapy improves outcomes in patients
with candidiasis. The results, nonetheless, are consistent
with another retrospective study of 134 patients with can-
didemia that found that initiation of antifungal therapy
within 12 hours of the phlebotomy that yielded the first
positive blood culture was associated with a significantly
improved survival when compared to later times of initia-
tion.l Thus, waiting for a positive blood culture may be too
late, especially since as many as one-half of patients with 
nvasive candidiasis, even with dissemination, may have
negative blood cultures. A variety of scoring systems have
been utilized, but their accuracy is uncertain. Whether the
commercial availability of a test that detects fungal -glu-
can in serum2 will help the clinician remains uncertain. In
general, empiric antifungal therapy in a critical care
patient, especially one who has undergone abdominal sur-
gery, should be considered when the patient remains per-

sistently febrile in the face of broad spectrum antibiotic
therapy and is colonized with Candida spp.

Once having decided to initiate antifungal therapy, a
choice must be made among the available agents. This
choice is conditioned by the spectrum of activity against
various Candida spp., whether the agent is fungicidal or
fungistatic against these organisms, potential toxicity and
drug interactions, and cost. Recommendations may be
gleaned from the guidelines of the Infectious Disease
Society of America,3 as well as in a more recently pub-
lished paper.4 In the latter, it is recommended that empir-
ic therapy with fluconazole should not be used if the
patient is hemodynamically unstable or is neutropenic
and/or if Candida glabrata or Candida krusei are likely
causes. In such cases, a polyene, an echinocandin or, pos-
sibly, voriconazole are preferred.   ■
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Expanding the Echinocandin
Class: Eraxis® (Anidulafungin)
A B S T R A C T  &  C O M M E N T A R Y
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Introduction

Fungal infections are becoming more prevalent,
as Candida spp. represent the fourth most common
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organism recovered from blood of hospitalized patients
in the United States.1 This phenomenon can, in part, be
attributed to the AIDS epidemic and to the growing
number of immunocompromised patients as a result of
cancer chemotherapy and organ transplants. Fungemia
has been reported to be as many as 12% of HIV-infected
patients who have chronic indwelling central venous
catheters.1,2 Esophageal candidiasis often represents a
sentinel event indicating the presence or progression of
AIDS, as an estimated 12-16% of children under the age
of 13 receive a primary diagnosis of AIDS by the pres-
ence of this condition.1,3 Candida-associated infections
induce significant morbidity and mortality, as shown by
mortality rates as high as 47-48% for nosocomial can-
didemia and peritonitis.4,5

Current Infectious Disease Society of America
(IDSA)6 guidelines for the treatment of candidiasis rec-
ommend the utilization of intravenous (IV) ampho-
tericin B, IV or oral fluconazole, IV caspofungin, or a
combination of amphotericin B and fluconazole in non-
neutropenic patients diagnosed with candidemia.6 Pri-
mary treatment options for patients suffering from
mucocutaneous candidiasis include fluconazole, clotri-
mazole, and nystatin, while alternative agents include
itraconazole, amphotericin B, caspofungin, and
voriconazole. The prevalence of fluconazole resistance
and the multitude of interactions amongst the other com-
monly used antifungals, including caspofungin, suggest
a potential need for alternative agents possessing more
desirable safety and efficacy profiles.

The echinocandin antifungals represent the newest
class of agents to be used in the treatment of candidal
infections. In addition to caspofungin (CancidasTM),
there are 2 other echinocandins available in the United
States: micafungin (MycamineTM) and anidulafungin
(EraxisTM). These agents are generally fungicidal against

candida, inhibiting the synthesis of β-(1,3)-D-glucan, an
essential polysaccharide that is critical to fungal cell
wall integrity. This leads to osmotic instability and, ulti-
mately, cell lysis in susceptible fungi.7 Relative to the
development of resistance, the fungicidal activity of
echinocandins represents a significant advantage over
other static antifungal agents.

Anidulafungin is a semi-synthetic antifungal of
the echinocandin class derived from a fermentation
product of the fungus Aspergillus nidulans.8 FDA
(Food and Drug Administration) approval was
granted on February 17, 2006, for candidal infec-
tions including candidemia, esophageal candidiasis,
intra-abdominal abscesses, and peritonitis. This
article will provide a review anidulafungin’s: 1)
spectrum of activity, pharmacological and pharma-
cokinetic properties, 2) safety and efficacy profile,
3) dosage, interaction, and resistance patterns, 4)
clinical efficacy, and 5) comparative efficacy rela-
tive to other available echinocandins.

Spectrum of Activity

An in vitro study by Ostrosky and colleagues9

showed susceptibility of several Candida spp. to the
echinocandins. The minimum inhibitory concentra-
tions (MICs) of anidulafungin, caspofungin, and
micafungin are shown in Table 1.

Anidulafungin also showed good activity against
fluconazole-resistant Candida strains (fluconazole
MIC > 16 µg/mL) in a study by Cuenca-Estrella and
colleagues, with MIC90s for C. glabrata (42 iso-
lates), C. krusei (28 isolates), and C. tropicalis (15
isolates) at 0.12, 0.03, and 0.06 µg/mL, respective-
ly.10 In addition, anidulafungin exhibited postantifun-
gal effects to various Candida spp. above and below
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albicans (733) 0.03 0.03 0.5 0.5 0.03 0.03

glabrata (458) 0.03 0.13 0.5 1 0.03 0.06

parapsilosis (391) 2 2 2 2 1 2

tropicalis (307) 0.03 0.13 0.5 1 0.03 0.06

krusei (50) 0.06 0.13 1 2 0.13 0.25

lusitaniae (20) 0.06 0.25 1 2 0.06 2

dubliniensis (18) 0.03 0.06 0.5 0.5 0.03 0.03

MIC
50

MIC
90

MIC
50

MIC
90

MIC
50

MIC
90

Candida spp. 

(# isolates)

Anidulafungin Caspofungin Micafungin

Table 1

Minimum Inhibitory Concentrations for the Echinocandins to Select Candidal Species
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Table 2

Pharmacologic, Pharmacokinetic, Clinical Properties of Anidulafungin

Brand/Generic Eraxis® (Anidulafungin)

Classification7 Echinocandin

Mechanism of Action7 Inhibits the synthesis of 1,3-b-D-glucan, an essential component of fungal cell walls, which is not present in mammalian

cells

Spectrum of Activity7,16 • Candida albicans

• Candida glabrata

• Candida parapsilosis

• Candida tropicalis

• Candida krusei (not included in FDA-approved prescribing information)

FDA Indications7 • Candidemia and other forms of Candida infections (intra-abdominal abscess and peritonitis)

• Esophageal candidiasis

How Supplied7 Single-use 50mg vial of sterile, lyophilized, preservative-free powder. The companion single-use diluent vial contains

15mL of 20% (w/w) dehydrated alcohol in water for injection.

Dosage7 For candidemia and other Candida infections (intra-abdominal abscess, peritonitis)

• Initial dose of 200 mg IV on day 1, followed by 100 mg daily dose thereafter

• Treatment duration should be based on the patient’s clinical response (usually at least 14 days after last positive culture)

for esophageal candidiasis

• Initial dose of 100 mg IV on day 1, followed by 50 mg daily dose thereafter

• Patients should be treated for a minimum of 14 days and for at least 7 days following symptom resolution

• HIV patients may be more susceptible to relapse, so suppressive antifungal treatment should be considered after treatment

Dosage Adjustment7 Renal: No dosage adjustment required in renally impaired patients (any degree of severity)

Hepatic: No dosage adjustment required in hepatically impaired patients (any degree of severity)

Storage/Adminstration7 Storage

• Prior to reconstitution, store vial at room temperature (15 to 30°C [59 to 86°])

• Reconstituted solution must be further diluted and administered within 24 hours

• The infusion solution should be stored at 15-30°C (59-86°F)

Administration

• Using aseptic technique, reconstitute each 50mg vial with the companion diluent

• Using aseptic technique, transfer reconstituted solution into an IV bag (or bottle) containing either D5W or 0.9% NaCl, to

yield an infusion solution concentration of 0.5mg/mL (50 mg dose: total volume of 100 mL; 100 mg dose: total volume of

200 mL; 200 mg dose: total volume of 400 mL)

• The rate of infusion should not exceed 1.1 mg/minute

Contraindications7 Previous hypersensitivity to echinocandins or to anidulafungin, and any component of Eraxis

Precautions/Warnings7 • Hepatic effects: Clinical trials enrolled patients with serious underlying medical conditions who were receiving multiple

medications concurrently with anidulafungin. Isolated cases of significant hepatic impairment, hepatitis, or worsening hepatic

failure have been documented with anidulafungin use, but a casual relationship to anidulafungin has not been established.

Adverse Effects7 Most frequently reported candidemia patients:

• Diarrhea (3.1%)

• Hypokalemia (3.1%)

• ↑ ALT (2.3%)

Most frequently reported in esophageal candidiasis patients (≥ 1%)

• Neutropenia

• Nausea

• ↑ GGT

• Headache

• Rash

Half-life Fecal excretion Unchanged in

urine

V
d 
(L) Protein Bound Hepatic 

Metabolism
40-50 h 30% Less than 1% 30-50 84% Hepatic metabolism of anidulafungin has 

not been observed

Pharmacokinetics7



the MICs for the specific organisms.11 Of note, a case
report by Laverdiere and colleagues revealed resist-
ance acquired via an FKS1 gene mutation in C. albi-
cans isolates from an HIV patient being treated for
chronic esophagitis with micafungin. The C. albi-
cans isolates from this patient showed cross resist-
ance to other echinocandins (caspofungin, anidula-
fungin).12

Aside from expressing activity against Candida
organisms, anidulafungin also has in vitro inhibito-
ry activity against Aspergillus spp. (flavus, fumiga-
tus, terreus, & niger), with MIC90s of β 0.06
µg/mL.8 A small study (n = 26) noted in vitro antag-
onism between anidulafungin and amphotericin B
in the presence of A. flavus and A. terreus. Similar
antagonism was noted with itraconazole in the pres-
ence of A. niger.13

The activity of micafungin against Aspergillus
spp. (flavus, fumigatus, terreus, & niger) was very
similar in a review by Carver and colleagues, with
MIC90s ranging from 0.0078 to 0.25 µg/mL.14

Caspofungin has well-documented activity against
Aspergillus spp., as it is licensed for use as salvage
therapy for invasive aspergillosis.15

Pharmacological Properties

A summary of the pharmacologic, pharmacokinet-
ic, and clinical properties of anidulafungin can be
found in Table 2.7,16 Since anidulafungin is not a sub-
strate or an inhibitor/inducer of most cytochrome
p450 (CYP) isoenzymes (1A2, 2C9, 2D6, 3A4), it is
unlikely to interact with other drugs.7 Similarly,
micafungin has not been shown to interact with other

drugs, with the exception of sirolimus and nifedip-
ine.17 The combination of either of these drugs with
micafungin resulted in minor increases in the AUC
(area under the concentration-time curve) of
sirolimus and nifedipine. Interestingly, simultaneous
administration of carbamazepine, dexamethasone,
efavirenz, nevirapine, phenytoin, or rifampin will
result in decreased caspofungin serum concentra-
tions. Consequently, patients who require caspofun-
gin along with any of these medications should
receive a higher maintenance dose of caspofungin
(70 mg/d). In addition, since there is concern of
enhanced hepatotoxicity with concomitant adminis-
tration of caspofungin with cyclosporine, the pre-
scribing information for caspofungin includes a
warning against using this combination.15

Clinical Efficacy

Two pivotal, multicenter, randomized, double-blind,
non-inferiority phase III clinical trials have assessed
the utility of anidulafungin in patients with candidemia
and esophageal candidiasis (see Table 3).18,19

Studies assessing the effectiveness of anidulafun-
gin and IV fluconazole in candidemia patients (n =
256) suggest that anidulafungin is superior to flu-
conazole with respect to clinical cure rates (+15.4%
at 2 weeks; 95% CI, 0.4%, 30.4%, no P value report-
ed). Primary end points were assessed based on the
absence of systemic infection. Patients in both arms
were converted to oral fluconazole following a mini-
mum 10 days IV therapy. Prior to oral conversion,
patients were required to remain afebrile for least 24
hours. In vitro studies suggest the possibility of a
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Table 2...continued

Pharmacologic, Pharmacokinetic, Clinical Properties of Anidulafungin

Drug Interactions7 • No clinically significant drug interactions (anidulafungin is not a substrate or an inhibitor/inducer of CYP1A2, CYP2D6,

CYP3A4, or CYP2C9

Pregnancy Category7 • Pregnancy Category C

Formulary Considerations • Fewer indications compared with caspofungin (indicated for empiric therapy of presumed fungal infections in febrile neu-

tropenic patients, treatment of candidemia and Candida infections (intra-abdominal abscesses, peritonitis, pleural space infec-

tion), treatment of esophageal candidiasis, and treatment of invasive Aspergillosis in patients who are intolerant of or refracto-

ry to other therapies.

• Like micafungin, anidulafungin has a superior drug interaction profile compared with caspofungin

• Like micafungin, anidulafungin does not require dose adjustment in patients with renal or hepatic insufficiency, whereas a

lower maintenance dose of caspofungin is required in hepatically impaired patients

Daily Costa Caspofungin (50 mg, 70 mg) Micafungin (50 mg, 150 mg) Anidulafungin (50 mg, 100 mg, 200 mg)

Wholesale: $401.95, $517.82 Wholesale: $114.07, $342.21 Wholesale: Not available

Novation: $319.59, $411.71 Novation: $93, $279 Novation: Not available

a Wholesale and novation pricing information accessed on March 7, 2006 from the Purchasing Department at Santa Clara Valley Medical Center, San Jose, CA



marginal synergistic relationship between azoles and
echinocandins, which may have attributed to the
increased clinical success of patients receiving ini-
tial anidulafungin therapy prior to switching to oral
fluconazole.19

Krause and colleagues compared anidulafungin to
oral fluconazole in the treatment of 601 esophageal
candidiasis patients with predisposing conditions.
Primary end points of clinical response were
assessed endoscopically at the end of therapy and at
a 2 week follow-up visit. Initial success was similar
in anidulafungin and fluconazole arms (97.2% vs
98.8%, respectively); however, fluconazole proved
superior at the 2 week follow-up visit (95%; CI, -
32.5%, -17.8%, P < 0.001). Between 446 and 465
patients were diagnosed with active HIV, and the dis-
crepancy in follow-up success may be attributable to
the greater number of HIV patients receiving anti-
retroviral therapy in the fluconazole arm.18

Comparison of Echinocandins

All 3 echinocandins are indicated for use in
esophageal candidiasis, while only anidulafungin
and caspofungin have received approval for can-
didemia. Multiple blinded and randomized studies
have shown micafungin and caspofungin to be as
effective as fluconazole in the treatment of
esophageal candidiasis.20,21 At present, there is evi-
dence to indicate that one echinocandin is superior to
another with respect to clinical outcomes. However,
comparative studies of echinocandins for the treat-
ment of esophageal candidiasis and candidemia have
not been published, therefore making it difficult to
compare the relative efficacies of caspofungin, mica-
fungin, and anidulafungin. Caspofungin has been
compared to amphotericin B in candidemia patients,
and was shown to be non-inferior relative to resolu-
tion of clinical disease.22 As previously reported,
anidulafungin’s effectiveness in the treatment of can-
didemia was assessed relative to fluconazole, and
was shown to be superior from the end of treatment
until 2 weeks post-treatment.19 According to current
IDSA guidelines, both comparator agents and caspo-
fungin represent first line therapy for non-neu-
tropenic adults suffering from candidemia (IDSA
guidelines). One difference between the candidemia
trials was the exclusion of Candida krusei in the
anidulafungin studies, although this is an infrequent-
ly isolated species. Conversely, caspofungin has
reported in vitro activity against C. krusei, and C.
krusei isolates were not excluded in the comparative

trials that used amphotericin B as the comparator
drug.  Moreover, in one key clinical trial, no failures
were noted in caspofungin-treated patients with C.
krusei candidemia.22

Future Directions

A multicenter, open-label, dosage-escalation
study of neutropenic pediatric patients (n = 24)
assessed the safety and pharmacokinetic profile of
anidulafungin as empiric treatment to prevent inva-
sive fungal infections in immunocompromised, hos-
pitalized children.23 Patients were first separated
into 2 age groups (2 to 11 years and 12 to 17 years).
Groups were further stratified into low- and high-
dose arms, with each patient receiving a loading
dose of 1.5 or 3.0 mg/kg and a maintenance dose of
0.75 or 1.5 mg/kg/day (low- and high-dose groups,
respectively).

Drug plasma levels were determined after the
loading (first) and maintenance (fifth) dose, showing
similar pharmacokinetics in both cohorts. Steady
state was achieved after giving a loading dose, and
the half-life was determined to be approximately 20
hours in these children. Anidulafungin was well tol-
erated, although flushing and dyspnea related to
infusion were reported in one patient in the high-
dose arm. Symptoms were reversed by stopping the
infusion and administering diphenhydramine. This
study may suggest that anidulafungin can success-
fully prevent breakthrough fungal infections in neu-
tropenic pediatric patients. However, the limited size
of the patient population and brief duration of thera-
py (mean duration, 8.7 days) require that further
research be conducted prior to recommending anidu-
lafungin for neutropenic children patients.23

Conclusion/Summary

Anidulafungin represents the newest echinocan-
din antifungal for use in candidemia, esophageal
candidiasis, and intra-abdominal infections due to
Candida spp. (including peritonitis and intra-
abdominal abscesses). Future investigations should
focus on anidulafungin’s utility in aspergillosis, and
effectiveness in immunocompromised pediatric
patients should be further explored with larger
patient populations. The scope of anidulafungin’s
approved indications are limited relative to caspo-
fungin, which is approved for use as empiric thera-
py for presumed fungal infections in febrile, neu-
tropenic patients, candidemia, intra-abdominal
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abscesses, peritonitis, and pleural space infections
due to Candida spp., esophageal candidiasis, and
refractory invasive aspergillosis. Indications also
differ from micafungin, which include treatment of
esophageal candidiasis, and prophylaxis of Candida
infections in patients undergoing hematopoietic
stem cell transplantation.

Anidulafungin possesses a favorable safety and drug-
drug interaction profile, offering an advantage over caspo-
fungin in select patients, yet is similar to that of micafungin.

Dosing of anidulafungin is dependent upon the type
of Candida infection being treated. Patients suffering
from candidemia, intra-abdominal abscesses, or peri-
tonitis should receive a loading dose of 200 mg, with
subsequent 100 mg doses for the duration of therapy,
while patients being treated for esophageal candidiasis
should receive a 100 mg loading dose, with 50 mg daily
doses thereafter. Consideration should be given when
using anidulafungin concomitantly with other antifun-
gals (ie, azoles, amphotericin B), as both synergistic
and antagonistic relationships have been documented.

Use and formulary considerations for anidulafun-
gin may be limited due to its narrow scope of indica-
tions, and though estimated acquisition and adminis-
tration costs have yet to be released, pricing compar-
isons amongst the currently available echinocandins
must be assessed in order to determine anidulafun-
gin’s place in cost effective therapy.   ■
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Study Characteristics Krause, et al.18 Candidemia Study7,19

Patients 601 esophageal candidiasis patients

• Mean age 37.0-37.5 years

• AIDS, 74.3%-77.4%

• Endoscopy grade 2 or 3 (-80%)

256 patients with candidemia

• C. albicans isolates, 59.3%-63.8%

• c. glabrata, 15.7% anidulafungin, 25.4% fluconazole

• APACHE II score ≤ 20.81%

• ANC > 500: ≥ 97%

Design Multicenter, randomized, double blind, double-dummy,

noninferiority

Multicenter, double-blind, randomized, noninferiority

Inclusion criteria Male/female patients with esophageal candidiasis (18-

65y); predisposing risk factor for fungal infection (antibi-

otic, corticosteroid, radiation, AIDS, myelosuppression,

malnourished)

Patients with candidemia and/or other forms of invasive candidia-

sis

Exclusion criteria Patients with evidence of systemic fungal 

infections, ulcerative esophageal lesions or known hyper-

sensitivity to anidulafungin (or other echinocandins),

receipt of systemic antifungals one week before study

entry, ANC < 500, platelet < 60,000, life expectancy < 2

months, AST or bilirubin > 3 times upper limit of normal,

and SCr > 2.5 times normal range were excluded.

Patients with Candida endocarditis, osteomyelitis or meningitis, or

those with infection due to C. krusei were excluded.

Study drugs • Anidulafungin (100 mg IV loading dose on day one,

then 50 mg IV qday) and daily oral placebo. Rx duration 7

days after symptom resolution, but not for < 14 days or >

21 days

• Oral fluconazole (200 mg loading dose on day one, then

100 mg po qday) and daily IV placebo. Rx duration 7 days

after symptom resolution, but not for < 14 days or > 21 days

• Anidulafungin (200 mg IV loading dose on day one, then 

100 mg IV qday). Switch to oral fluconazole after ≥ 10 d IV Rx,

afebrile x 24 hours, last blood culture negative for Candida spp.

• IV fluconazole (800 mg loading dose, then 400 mg IV qday).

Switch to oral fluconazole after ≥ 10 d IV Rx, afebrile x 24 hours,

last blood culture negative for Candida spp.

• Rx duration: 14-42 days

Evaluation 1 end point: Endoscopic response (complete resolution or

decrease of ≥ 1 grade from baseline) at end of therapy in

evaluable population.

1 end point: To determine if anidulafungin is as effective as 

fluconazole in regards to global response for the Rx of can-

didemia and/or other forms of invasive candidiasis.

Results • Evaluable population included 504 patients

• Anidulafungin group: 97.2% success at end of Rx

• Fluconazole group: 98.8% success at end of Rx

• Treatment difference of -1.6% (95% CI, -4.1 to 0.8, met

prespecified noninferiority criteria)

• 2-week follow-up visit: 64.8% of anidulafungin-treated

patients vs 89.5% of fluconazole-treated patients retained

endoscopic success (95% CI, -32.5% to -17.8%; P < 0.0001).

Possible confounder: > number of fluconazole-treated

patients received antiretrovirals during study treatment.

• Modified intent-to-treat populationa; n = 245

• Global success at end of IV therapy: anidulafungin, 75.6%, flu-

conazole, 60.2% (95% CI for treatment difference, 3.9 to 27.0)

• Global success at 2-week follow-up: fluconazole, 49.2%, anidu-

lafungin, 64.6% (95% CI for treatment difference, 0.4 to 30.4)

• Global success at 6-week follow-up: fluconazole, 44.1%, 

anidulafungin, 55.9% (95% CI for treatment difference, -3.4 to

27.0)

Table 3

Phase III Clinical Trials of Anidulafungin: Candidemia and Esophageal Candidiasis

a Modified intent-to-treat population included patients who received at least one dose of study medication and who had a positive culture for Candida spp.

from a normally sterile site prior to study entry.



Host Genetics, Coreceptor
Function, Host Susceptibility
to HIV Infection, and Disease
Progression
A B S T R A C T S  &  C O M M E N T A R Y

By Dean L. Winslow, MD, FACP
Chief, Division of AIDS Medicine, Santa Clara Valley Med-
ical Center, Clinical Professor of Medicine, Stanford Univer-
sity School of Medicine
Dr. Winslow is a consultant for Bayer Diagnostics and Pfizer/Agouron, and is

on the speaker’s bureau for Pfizer/Agouron.

Synopsis: At least 2 CCR5 variants that modify core-
ceptor properties have been recently recognized in indi-
viduals from Southeast Asia. Four single nucleotide
polymorphisms (SNPs) and specific haplotypes in the
IL2 and CCR2/CCR5 genes were significantly associ-
ated with HIV-1 infection susceptibility. A third paper
elucidates the likely mechanism by which GB virus C
(GBV-C) may result in prolonged survival in HIV-posi-
tive individuals.

Sources: Capoulade-Metay C, et al. New CCR5 Variants
Associated with Reduced HIV Coreceptor Function in South-
east Asia. AIDS. 2004;18:2243-2252; Shrestha S, et al.
Behavioral Risk Exposure and Host Genetics of Susceptibili-
ty to HIV-1 Infection. J Infect Dis. 2006;193:16-26; Xiang J,
et al. South African GB Virus C Isolates: Interactions
Between Genotypes 1 and 5 Isolates and HIV. J Infect Dis.
2005;192:2147-2151.

The laboratory group from the pasteur institute
and inserm screened for CCR5 coding region polymor-

phisms in 3 groups of Vietnamese subjects, including 47
HIV-1 infected intravenous drug users (IDUs), 50 highly
HIV-1 exposed but seronegative IDUs, and 37 HIV-1
unexposed seronegative individuals. Five CCR5 coding
region variants were identified. Two variants had previous-
ly been identified (G106R, R223Q) and 3 were identified
in this study (S185R, I254T, and C269F). S185R and
I254T variants had receptor and coreceptor activities com-
parable to wild type. However, C269F and G106R are
poorly expressed at the cell surface and weakly bind
macrophage inflammatory protein 1B (MIP-1B) and
RANTES and display reduced coreceptor efficiency.
G106R is a nonconserved amino acid substitution which
produces alteration of residue hydrophobicity and was
only found in the HIV-negative groups. C269F is a major

substitution which disrupts the disulphide bond linking the
third extracellular loop of CCR5 to the N-terminus.

The second paper lead by a team of researchers at
NCI and Johns Hopkins conducted a nested case-control
study of African Americans, including 266 HIV-1 sero-
converters and 532 seronegative controls, which exam-
ined the association between 50 SNPs in 9 candidate
genes (CCR5, CCR2, RANTES, MIP1A, MCP2, IL10,
IFNG, MCSF, and IL2). Four SNPs (CCR2-V64I,
CCR5-2459, MIP1A+954, and IL2+3896) and specific
haplotypes in the IL2 and CCR2/CCR5 regions were
associated with HIV-1 infection susceptibility using dif-
ferent modeling techniques.

The last paper from a research group at the University of
Iowa collaborating with a group in South Africa identified
GBV-C virus isolates from genotypes 1, 2, and 5 in South
African blood donors. GBV-C genotype 1 and genotype 5
isolates grew in vitro in lymphocyte culture, inhibited X4
and R5 tropic HIV-1 isolates, and induced RANTES and
stromal-derived factor 1 (SDF-1) chemokines in vitro.

■■ COMMENTARY
Host genetics have long been believed to play a major

role in host susceptibility to infection by HIV, as well as the
great variability between individuals in rates of disease pro-
gression. Approximately 10 years ago it was discovered
that a 32 base pair deletion in the CCR5 gene (found in
10% of individuals of European descent) confers at least
partial protection against HIV disease progression in het-
erozygotes and essentially complete protection against de
novo infection in homozygotes.1-3 This variant is not seen in
Asians, hence, the potential importance of the 2 CCR5 vari-
ants identified in the first paper. Unfortunately, the sample
size examined in this study was too small to draw firm con-
clusions about the role of these variants in vivo. The second
paper, which examined an African American population,
also presents intriguing preliminary data on genetic variants
in HIV-1 coreceptors and various chemokines and their
relationship to susceptibility to HIV infection.

Finally, it was observed almost a decade ago that the
nonpathogenic flavivirus, GBV-C, when coinfecting HIV-
1 infected individuals, may result in slowing of HIV dis-
ease progression, higher CD4 counts, and lower viral loads
than observed in non-GBV-C-infected patients.4 However,
other studies have not seen this relationship.5 The paper by
Xiang and colleagues helps explain these discrepancies by
difference in GBV-C genotype in the HIV-coinfected pop-
ulations studied, and, importantly, demonstrates a plausi-
ble biological cause for this protection.

While much research remains to be done to allow a
full understanding of host factors and susceptibility to
HIV infection and disease progression, it is nice to see
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such progress being made. Already, small molecule
inhibitors of CCR5 (and CXCR4) have entered clinical
efficacy trials. It is hoped that additional therapeutic
targets will be identified in the coming decade as a
result of this kind of research.   ■
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CME Questions
5. Which of the following is correct?

a. A 32 base pair deletion in the CCR5 gene that
provides at least partial protection against HIV
disease and its progression, is present in high fre-
quency among Asians.

b. The identification of multiple genotypes of GBV-
C may provide an explanation for the apparently
conflicting reports of its effects on progression of
HIV-1 infection.

c. A case-control study of 9 potentially relevant
genes, such as some encoding CCR2 and IL-2, in
African Americans, failed to identify any single
nucleotide polymorphisms (SNPs) associated with
variations in HIV disease progression.

6. Which of the following is correct?
a. A delay in initiating antifungal therapy in patients

with candidemia until a positive blood culture is
detected is not associated with adverse outcome.

b. The first choice of therapy in all patients with can-
didemia is fluconazole.

c. Antifungal therapy is best initiated preemptively
in the patient with suspected invasive candidiasis.

d. Candidemia is a benign condition with no associ-
ated mortality.

7. Which of the following is correct regarding anidulafungin?
a. It is a substrate of most cytochrome P450

enzymes, which result in its metabolism.
b. It is a potent inducer of most cytochrome P450

enzymes.
c. The dose of anidulafungin must be reduced in the

presence of renal insufficiency.
d. Anidulafungin has been demonstrated to be supe-

rior to fluconazole in the treatment of patients
with candidemia.

CME Objectives
The objectives of Infectious Disease Alert are:
• To discuss diagnosis and treatment of infectious 

diseases;
• To present current data regarding use of new 

antibiotics for commonly diagnosed diseases 
and new uses for traditional drugs;

• To present the latest information regarding the pros,
cons, and cost-effectiveness of new and 
traditional diagnostic tests;

• To discuss new information regarding how 
infectious diseases (eg, AIDS) are transmitted 
and how such information can lead to the 
development of new thera

Binders
Infectious Disease Alert has sturdy plastic binders

available if you would like to store back issues of
the newsletter. To request a binder, please email
ahc.binders@thomson.com. Please be sure to
include the name of the newsletter, subscriber num-
ber, and your full address.   ■
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Invasive Pneumococcal
Disease in HIV

Flannery B, et al. Changes in Invasive
Pneumococcal Disease Among HIV-
Infected Adults Living in the Era of
Childhood Pneumococcal Immuniza-
tion. Ann Intern Med. 2006;144:1-9.

Following the introduction
of more highly active anti-

retroviral therapy in ~1995, epi-
demiologists observed a 50%
decrease in rates of invasive pneu-
mococcal disease in persons with
HIV/AIDS. By 1997, the inci-
dence of invasive pneumococcal
disease had leveled off, but still
remained significantly higher
(~35 x) in persons with HIV-
infection compared with non-
HIV-infected adults. Since then,
there has been a gradual decline
in the rates of invasive pneumo-
coccal infection in adults, which
has been attributed to the intro-
duction of pediatric pneumococ-
cal conjugate vaccine.

Flannery and colleagues exam-
ined the frequency of invasive
pneumococcal infection in HIV-
infected adults living in 7 core sur-
veillance areas in the United
States, before and after the intro-
duction of the pediatric pneumo-
coccal conjugate vaccine. A total
of 8582 cases of invasive pneumo-
coccal infection occurred in adults,
including 2013 (24%) cases in per-
sons with HIV/AIDS. Between
1998 and 2003, the rate of pneu-
mococcal disease decreased 19%
in persons with HIV/AIDS (from
1127 to 919 cases per 100,000
AIDS population). Excluding per-
sons with AIDS, the rate in HIV

steadily declined to ~9 cases per
100,000 by 2003. The most com-
mon presentations of infection
among HIV-infected adults were
pneumonia (81%), followed by
bacteremia without a recognized
focus (15%), and meningitis (4%).
The case fatality rate was 8%.

Before the introduction of the
pediatric conjugate vaccine,
serotypes contained in the vaccine
accounted for the majority (58%)
of invasive pneumococcal infec-
tions in adults. Data on serotypes
in this study, which were available
for 91% of the isolates, indicated a
62% decrease in disease caused by
serotypes contained in the vaccine,
although the ratio of disease
caused by non-vaccine serotypes
increased by 44%. Interestingly,
this observation was limited to
black men and women with HIV or
AIDS, and was not observed in
whites. This is consistent with
other data demonstrating that close
contact with children is more com-
mon for black persons with
HIV/AIDS than whites.

Trends in antibiotic susceptibili-
ty were similar in patients with or
without HIV/AIDS. The percentage
of isolates resistant to trimetho-
prim-sulfamethoxazole (27%) and
penicillin (20%) remained fairly
stable throughout the study.   ■

Penile Elephantiasis
and LGV

Kumaran MS, et al. Saxophone Penis
Revisited. Int J STD AIDS. 2006:17:65-66.

Lymphogranuloma venereum
(LGV) has been making a

comeback in parts of the devel-
oping worlds, especially in gay
men in Europe and in the United
States. LGV is caused by L1-L3
serovars of Chlamydia tra-
chomatis. It was previously
uncommon outside of Southeast-
ern Asia, India, and Africa,
where it is responsible for about
< 1% to 9% of sexually trans-
mitted infections.

Kumaran and colleagues from
Chandigarh, India, report a 24-
year-old male with an unusual
clinical finding, only rarely
encountered but typical for chron-
ic LGV infection. The man had
numerous male and female sexual
partners. He presented with mildly
tender inguinal lymphadenopathy,
multiple draining sinuses around
the perianal area, narrowing of the
anal canal, and a firm, twisted
penis with edema of the prepuce,
which “accented the dorsal curva-
ture.” Serologies for HIV, syphilis,
and chlamydia were negative.
Computed tomography of the
pelvis demonstrated asymmetric
thickening of the rectal mucosa,
diffuse stranding of the perirectal
fat, and distortion of the fascial
planes. He was diagnosed with
chronic LGV and received treat-
ment with doxycycline.

About 25% of LGV infections
result in chronic changes such as
these. Progressive lymphatic
inflammation and obstruction
eventually leads to suppurative
regional lymphangitis and sclero-
sis of connective tissue. While
some patients present with genital
or rectal ulcers and draining
sinuses, others may present with
more chronic gastrointestinal
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complaints such as constipation,
painful bowel movements, and
what appears to be an irritable
bowel syndrome. Penoscrotal
edema, or elephantiasis, occurs
in 4% of cases, and may develop
over 1 to 20 years. Sclerosis of
subcutaneous tissue in the penis
eventually leads to a twisting
deformity of the shaft, with
edema of the prepuce, variously
called a “ram horn penis” or
“saxophone penis.”

Since the CDC alert concern-
ing the resurgence of LGV was
raised last year, only 27 cases of
LGV have thus far been reported
in the United States, but most
experts assume this is only the tip
of the iceberg. The infection can
be difficult to recognize, existing
serologic studies may lack sensi-
tivity and specificity, and many
laboratories do not offer these
types of tests. Because the symp-
toms can be difficult to recog-
nize, may remain indolent for
months to years, and early initia-
tion of antibacterial treatment is
important, some HIV experts are
calling for screening of all sexu-
ally active gay men. While 3
weeks of doxycycline is effective
for active infection, antibiotic
treatment may not remedy its
chronic manifestations.   ■

Malaria in Returning
Soldiers

Kotwal RS, et al. An Outbreak of

Malaria in US Army Rangers Return-

ing From Afghanistan. JAMA. 2005;

293:212-216. Erratum in: JAMA.

2005;293:678.

These authors warn that
both military and civilian

health care personnel may

encounter delayed presenta-
tions of malaria in soldiers
returning from Iraq and
Afghanistan, even in those per-
ceived to be at lower risk. 
P. vivax accounts for 80%to
90% of malaria in Afghanistan
and about 95% of cases in Iraq,
but the risk of infection varies
considerably depending on the
geography and the season. P.
falciparum makes up the other
fraction of cases.

Depending on the perceived
risk, United States Army sol-
diers deployed in these areas
are directed to take antimalari-
al prophylaxis and to use per-
sonal protective measures, such
as mosquito netting, perme-
thrin impregnated uniforms and
gear, and frequent use of
DEET. Soldiers doing night-
time patrol remain at particular
risk, especially at dawn and
dusk.

This provides a partial explana-
tion as to how 38 cases of P. vivax
malaria occurred in a group of
725 US Army Rangers deployed
to combat zones in Eastern
Afghanistan in the summer/fall of
2002. All of the rangers received
weekly mefloquine prophylaxis
during their tour in Afghanistan,
as well as terminal prophylaxis
for 4 weeks. A diagnosis of
malaria was made largely on the
basis of fever, although headache,
myalgias, and gastrointestinal
symptoms were common.

However, there is an interesting
twist to this story, as the diagnosis
of malaria was complicated by an
intervening tour of duty in Iraq 169
days after returning from
Afghanistan, where they were per-
ceived to be at low risk for malaria.
While in Iraq, the men received
daily doxycycline (due to the

added risk of a biological attack),
but they did not receive terminal
antimalarial prophylaxis because
the season and locale was consid-
ered such low risk for malaria. No
doubt the doxycycline effectively
prevented the emergence of active
bloodstream infection during their
tour of duty in Iraq, but did little to
eliminate the hypnozoites. As a
result, three-fourths (76%) of the
malaria cases were diagnosed 4
months after the men returned from
Iraq. The median time to diagnosis
was 233 days (range, 1-339 days)
after returning from the Afghan
arena. Two cases relapsed within
one year. One case was compli-
cated by ARDS. All personnel
received chloroquine for 3 days,
followed by a 2 week course of
primaquine. Although there was
certain disagreement as to where
the malaria was acquired, consult-
ants from the Army and the CDC
were brought in and, based on
epidemiologic risk, determined
the cases were most likely
acquired during the first tour in
Afghanistan.

Anonymous questioning
revealed that only about one-half
of the men actually took their
weekly antimalarial prophylaxis,
and 41% took terminal treatment.
Only one-third were compliant
with both, and fewer than one-
third admitted to using DEET.
Both perceived lack of a threat
from malaria, a lack of a signifi-
cant mosquito problem, and a
tumultuous schedule where “too
many other things were happen-
ing” as hampering compliance.
Malaria should be considered in
the differential of febrile or gas-
trointestinal illness in returning
military personnel, even if the risk
may not be proximate or immedi-
ately apparent.   ■
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It has been a tough few months for marketers of
vitamins and herbal products.  Calcium plus vita-
min D, saw palmetto, and glucosamine/chon-

droitin have all been the subject of studies that have
questioned their efficacy.  The calcium plus vitamin
D results are possibly the most disappointing.  In fur-
ther data from the Women's Health Initiative study,
36,282 postmenopausal women ages 50 to 79 were
randomly assigned to receive 1000 milligrams of ele-
mental calcium with 400 IU of vitamin D3 or
placebo, with the end point being prevention of hip
and other fractures.  After 7 years of follow-up, bone
density was slightly higher, but there was no reduc-
tion in hip fractures in women who took calcium
plus vitamin D (hazard ratio, 0.88 for hip fracture
[95% CI, 0.72 to 1.08]).  There was also no reduction
in clinical spine fractures (HR, 0.90 [0.74 to 1.10]) or
total fractures (HR, 0.96 [0.91 to 1.02]).  Calcium plus
vitamin D did result in a higher risk of kidney stones
(HR, 1.17 [1.02 to 1.34]).  

The authors conclude that among healthy post-
menopausal women, calcium plus vitamin D sup-
plementation did not significantly reduce hip
fractures or reduce risks of kidney stones (N Engl J
Med. 2006;354:669-683). In an accompanying edito-
rial, Joel Finkelstein, MD, points out that many
women who take calcium plus vitamin D "believe
that they are completely protected against the devel-
opment of osteoporosis. This study should help cor-
rect this important misconception and allow more
women to receive optimal therapy for bone health."
He also points out that women should not abandon
calcium and vitamin D, neither should they rely on
it alone as prevention against osteoporotic fractures
(N Engl J Med. 2006;354:750-752 [correction pub-
lished N Engl J Med. 2006;354:1102]).

Treatment of Benign Prostatic Hyperplasia
Saw palmetto is used by over 2 million men to treat

symptoms of benign prostatic hyperplasia (BPH).
Now, a new study suggests that it is ineffective.  The
study, funded by the National Institutes of Health and
the National Center for Complementary and
Alternative Medicine, looked at 225 men over the age
of 49 with moderate-to-severe symptoms of BPH who
were randomized to one year of saw palmetto extract
160 mg twice a day or placebo.  The primary out-
comes were changes in American Urological
Association Symptom Index and maximal urinary
flow rates.  Prostate size, the residual urinary volume
after voiding, quality of life, laboratory values, and
adverse effects were also measured.  After one year,
there were no significant differences between patients
treated with saw palmetto or placebo in any of the
outcomes. There was also no difference in adverse
effects. The authors conclude that saw palmetto does
not improve symptoms or objective measures of BPH
(N Engl J Med. 2006;354:557-566).  An accompanying
editorial welcomes the scientific rigor of placebo-con-
trolled trials applied to dietary supplements, which
are generally not held to standards of safety and effi-
cacy.  The authors call for similar studies for other
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commonly used herbal products (N Engl J Med.
2006;354:632-634).

Treatment of Osteoarthritis of the Knee
Glucosamine and chondroitin sulfate is used by

millions to treat osteoarthritis.  In another study sup-
ported by the NCCAM, along with the National
Institute of Arthritis and Musculoskeletal and Skin
Diseases, 1583 patients with osteoarthritis of the knee
were randomized to 1500 mg of glucosamine daily,
1200 mg of chondroitin sulfate daily, combination of
glucosamine and chondroitin sulfate, 200 mg of cele-
coxib daily, or placebo for 24 weeks.  Acetaminophen
was allowed as rescue analgesia.  The primary out-
come was a 20% decrease in the pain from baseline at
week 24.  Glucosamine and conference sulfate were
no better than placebo in reducing the pain by 20%,
except for combined therapy (glucosamine plus
chondroitin) in patients with moderate-to-severe
pain at baseline (79.2% response vs 54.3% response
placebo, P = 0.002).  Adverse events were no different
in all groups.  The authors conclude that overall glu-
cosamine chondroitin did not reduce pain effectively
in patients with osteoarthritis of the knee, except in
the subgroup of patients with moderate-to-severe
knee pain (N Engl J Med. 2006;354:795-808).  An
accompanying editorial recommends telling patients
that neither glucosamine nor chondroid alone has
been shown to be more effective than placebo in
treating knee pain.  They suggest that glucosamine
sulfate plus chondroitin sulfate may be tried in
patients with moderate-to-severe knee pain, but
should be discontinued after 3 months if there is no
benefit (N Engl J Med. 2006;354:858-860).

Refractory Asthma and TNF—Connection?
Refractory asthma is a condition with a high mor-

tality rate and limited treatment options.  Anew
study suggests that the tumor necrosis factor (TNF)
axis is up-regulated in refractory asthma, creating the
possibility of treating refractory asthma with TNF
inhibitors. Researchers from the United Kingdom
measured markers of TNF alpha activity in 10
patients with refractory asthma, 10 patients with
mild/moderate asthma, and 10 controls subjects.
Patients with refractory asthma increased expression
of TNF alpha markers compared to those with mild-
to-moderate asthma and controls.  Study subjects
with refractory asthma were subsequently random-
ized to receive the TNF alpha receptor etanercept 25
mg twice weekly in a placebo-controlled, double-
blind, crossover pilot study.  Ten weeks of treatment
with etanercept was associated with a significant
increase in concentration of methacholine required to

provoke a 20% decrease in FEV1 (P = 0.05), an
improvement in asthma related quality-of-life score
(P = 0 .02), and a 0.32 liter increase in post bron-
chodilator FEV1 (P = 0.01) compared to placebo.  The
authors suggest that the TNF alpha axis is upregu-
lated in refractory asthma, and that etanercept may be
beneficial in these patients (N Engl J Med. 2006;
354:697-708).  An accompanying editorial reports that
several studies of TNF inhibitors in patients with
refractory asthma are ongoing, suggesting that we
soon should have an answer as to whether these
agents are effective for treating this difficult clinical
entity (N Engl J Med. 2006;354:754-758).

FDA Actions
The FDA has approved anidulafungin, Pfizer's

new anti-fungal for the treatment of candidemia.
The drug is a new molecular entity that is given
intravenously.  It is approved for a variety of
Candida infections including esophagitis, sepsis,
abdominal abscesses, and peritonitis.  It will be
marketed by Pfizer as Eraxis.

The FDA has approved lubiprostone for the
treatment of chronic idiopathic constipation in
adults.  The drug is a selective chloride channel
activator that increases intestinal fluid secretion
and motility. The drug will be marketed by
Sucampo Pharmaceuticals as Amitiza.

CV Therapeutics has received approval to mar-
ket ranolazine, the first of a new class of agents
for the treatment of chronic angina. The drug is
an orally available extended-release anti-anginal
drug that acts without reducing heart rate or
blood pressure.  The drug's mechanism of action
has not been fully characterized, but it is felt that
it works by affecting changes in cardiac metabo-
lism. Because ranolazine prolongs QT interval, it
should be reserved for patients who have not
achieved adequate response with other anti-angi-
nal drugs, and should be used in combinations
with amlodipine, beta-blockers, or nitrates.  CV
Therapeutics will market ranolazine as Ranexa.

The FDA has approved an oral vaccine for the
prevention of rotavirus gastroenteritis in infants
and children.  The oral vaccine should be initi-
ated in infants 6 to 12 weeks old, with 2 subse-
quent doses of 4 to 10 week intervals.  The
vaccine should be completed before the child
reaches 32 weeks of age.  Based on clinical trials,
the vaccine appears to be 98% effective for pre-
venting gastritis caused by targeted rotavirus
serotypes, and 74% effective at preventing gas-
troenteritis of any severity.  Rotavirus vaccine
will be marketed by Merck as RotaTeq.   ■
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