Voriconazole Voriconazole, which is available in both oral and IV
formulations, has a broader spectrum than fluconazole against
Candida species (including C. glabrata and C. krusei) and is active
against Aspergillus, Scedosporium, and Fusarium. It is generally
considered the first-line drug of choice for treatment of aspergillosis. A few case reports have shown voriconazole to be effective
in individual patients with coccidioidomycosis, blastomycosis, and
histoplasmosis, but because of limited data this agent is not recommended for primary treatment of the endemic mycoses. Among
the disadvantages of voriconazole (compared with fluconazole)
are its more numerous interactions with many of the drugs used
in patients predisposed to fungal infections. Hepatotoxicity, skin
rashes (including photosensitivity), and visual disturbances are relatively common. Skin cancer surveillance is now recommended for
patients taking voriconazole. In addition, voriconazole is considerably more expensive than fluconazole. Moreover, it is advisable to
monitor voriconazole levels in certain patients since (1) this drug
is completely metabolized in the liver by CYP2C9, CYP3A4, and
CYP2C19; and (2) human genetic variability in CYP2C19 activity
exists. Dosages should be reduced accordingly in patients with liver
failure. Dose adjustments for renal insufficiency are not necessary;
however, because the IV formulation is prepared in cyclodextrin, it
should not be given to patients with severe renal insufficiency.

ECHINOCANDINS
The echinocandins, including the FDA-approved drugs caspofungin, anidulafungin, and micafungin, have added considerably to
the antifungal armamentarium. All three of these agents inhibit
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FLUCYTOSINE (5-FLUOROCYTOSINE)
The use of flucytosine has diminished as newer antifungal drugs
have been developed. This agent is now used most commonly in
combination with AmB (deoxycholate or lipid formulations) for
the initial treatment of cryptococcal meningitis. Flucytosine has a
unique mechanism of action based on intrafungal conversion to
5-fluorouracil, which is toxic to the fungal cell. Development of
resistance to the compound has limited its use as a single agent.
Flucytosine is nearly always used in combination with AmB. Its good
penetration into the CSF makes it attractive for use with AmB for
treatment of cryptococcal meningitis. Flucytosine has also been
recommended for the treatment of candidal meningitis in combination with AmB; comparative trials with AmB alone have not been
done. Significant and frequent bone marrow depression is seen with
flucytosine when this drug is used with AmB.
GRISEOFULVIN AND TERBINAFINE
Historically, griseofulvin has been useful primarily for ringworm infection. This agent is usually given for relatively long periods. Terbinafine
has been used primarily for onychomycosis but also for ringworm. In
comparative studies, terbinafine has been as effective as itraconazole
and more effective than griseofulvin for both conditions.

Diagnosis and Treatment of Fungal Infections

Posaconazole Posaconazole is approved by the FDA for prophylaxis
of aspergillosis and candidiasis in patients at high risk for developing these infections because of severe immunocompromise. It has
also been approved for the treatment of oropharyngeal candidiasis
and has been evaluated as therapy for zygomycosis, fusariosis,
aspergillosis, cryptococcosis, and various other forms of candidal
infection. The relevant studies of posaconazole in zygomycosis,
fusariosis, and aspergillosis have examined salvage therapy. A study
of more than 90 patients whose zygomycosis was refractory to other
therapy yielded encouraging results. No trials of posaconazole for
the treatment of candidemia have yet been reported. Case reports
have described the drug’s efficacy in coccidioidomycosis and histoplasmosis. Controlled trials have shown its effectiveness as a
prophylactic agent in patients with acute leukemia and in bone marrow transplant recipients. In addition, posaconazole has been found
to be effective against fluconazole-resistant Candida species. The
results of a large-scale study of the use of posaconazole as salvage
therapy for aspergillosis indicated that it is an alternative to other
agents for salvage therapy; however, that study predated the use of
voriconazole and the echinocandins.
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Itraconazole Itraconazole is available in IV and oral (capsule and
suspension) formulations. Varying blood levels among patients
taking oral itraconazole reflect a disadvantage compared with the
other azoles. Itraconazole is the drug of choice for mild to moderate histoplasmosis and blastomycosis and has often been used for
chronic mucocutaneous candidiasis. It has been approved by the
U.S. Food and Drug Administration (FDA) for use in febrile neutropenic patients. Itraconazole has also proved useful for the treatment
of chronic coccidioidomycosis, sporotrichosis, and S. apiospermum
infection. The mucocutaneous and cutaneous fungal infections that
have been treated successfully with itraconazole include oropharyngeal candidiasis (especially in AIDS patients), tinea versicolor, tinea
capitis, and onychomycosis. Disadvantages of itraconazole include
its poor penetration into CSF, the use of cyclodextrin in both the oral
suspension and the IV formulation, the variable absorption of the
drug in capsule form, and the need for monitoring of blood levels in
patients taking capsules for disseminated mycoses. Reported cases
of severe congestive heart failure in patients taking itraconazole
have been a source of concern. Like the other azoles, itraconazole
can cause hepatic toxicity.

β-1,3-glucan synthase, which is necessary for cell wall synthesis in 1331
fungi and is not a component of human cells. None of these agents
is currently available in an oral formulation. The echinocandins are
considered fungicidal for Candida and fungistatic for Aspergillus.
Their greatest use to date is against candidal infections. They offer
two advantages: broad-spectrum activity against all Candida species
and relatively low toxicity. The minimal inhibitory concentrations
(MICs) of all the echinocandins are highest against Candida parapsilosis; it is not clear whether these higher MIC values represent less
clinical effectiveness against this species. The echinocandins are
among the safest antifungal agents.
In controlled trials, caspofungin has been at least as efficacious as
AmB for the treatment of candidemia and invasive candidiasis and
as efficacious as fluconazole for the treatment of candidal esophagitis. In addition, caspofungin has been efficacious as salvage therapy
for aspergillosis. Anidulafungin has been approved by the FDA as
therapy for candidemia in nonneutropenic patients and for Candida
esophagitis, intraabdominal infection, and peritonitis. In controlled
trials, anidulafungin has been shown to be noninferior and possibly
superior to fluconazole against candidemia and invasive candidiasis. It is as efficacious as fluconazole against candidal esophagitis.
When anidulafungin is used with cyclosporine, tacrolimus, or voriconazole, no dosage adjustment is required for either drug in the
combination. Micafungin has been approved for the treatment
of esophageal candidiasis and candidemia and for prophylaxis in
patients receiving stem cell transplants. In a head-to-head trial,
micafungin was noninferior to caspofungin for the treatment of
candidemia. Studies thus far have shown that coadministration of
micafungin and cyclosporine does not require dose adjustments
for either drug. When micafungin is given with sirolimus, the area
under the plasma drug concentration–time curve rises for sirolimus,
usually necessitating a reduction in its dose. In open-label trials,
favorable results have been obtained with micafungin for the treatment of deep-seated Aspergillus and Candida infections.

TOPICAL ANTIFUNGAL AGENTS
A detailed discussion of the agents used for the treatment of cutaneous fungal infections and onychomycosis is beyond the scope
of this chapter; the reader is referred to the dermatology literature.
Many classes of compounds have been used to treat the common
fungal infections of the skin. Among the azoles used are clotrimazole,
econazole, miconazole, oxiconazole, sulconazole, ketoconazole,
tioconazole, butoconazole, and terconazole. In general, topical
treatment of vaginal candidiasis has been successful. Since little
difference is thought to exist in the efficacy of the various vaginal
preparations, the choice of agent is made by the physician and/or
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