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Table 1. Mechanisms of Action of Different Antifungal Agents®

Class Fungal Target Action Mechanism of resistance
Polyene Ergosterol Binding to ergosterol  Altered or decreased amounts of ergosterol
in cell membrane; defects in sterol bio-
synthetic pathways
Nucleosides Nucleic acid synthesis Inhibition of nucleic Mutations in cytosine deaminase; decrease
acid synthesis in uracil phosphoribosyl transferase activity
Azoles Ergosterol Inhibition of ergosterol Mutations in ERGLL, CDRI, CDR2, MDRI;
biosynthesis overexpression of efflux pumps; overex-
pression/mutations of target
Echinocandins 5 (1, 3) glucan Inhibition of glucan No data

synthase biosynthesis
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Table 2. Spectrum of Activity of Selected Antifungal Agents®

Antifungal

Important clinical uses

Amphoteriein B Blastomyces dermatitidis,

Coccidioides immitis,

Cryptococcus neoformans, Histoplasma

capsulatum, Paracoccidioides brasiliensis, Sporotrix schenckii, most Candida species, As-
pergillus, Zygomycetes(not : Candida lusitaniae, Scedosporium, Fusarium, Trichosporon)

5-Fluorocytosine

Only in combination therapy for Candida, C. neoformans, dematiaceous molds

Fluconazole Most Candida, C. neoformans, B. dermatitidis, H. capsulatum, C. immitis, P. brasiliensis
(not : Candida krusei, Candida glabrata, Aspergillus)

Itraconazole Candida, Aspergillus, B. dermatitidis, H. capsulatum, C. immitis, P. brasiliensis

Voriconazole Candida, Aspergillus, Fusarium, B. dermatitidis, H. capsulatum, C. immitis, Malassezia
species, Scedosporium, dematiaceous molds(not : Zygomycetes; caution : C. glabrata)

Caspofungin Candida, Aspergillus(not : C. neoformans, Fusarium, Zygomycetes)
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Amphotericin B A& &-3kA|oll&= amphotericin B
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dispersion(ABCD), liposomal amphotericin B(AmB)
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fluconazole, voriconazol)Z 1}He] AF’. Micona-
zole2 azole Al AFA| FolA 71 Wz surel
SfolA WAge] Wol ASHA @ gov,
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FEv 9F 559 oF 80%0lw, £dllA e sk
dF FE9] 10~20uH0]}.
40}9] fluconazole®] <Fed ¥4 (pharmacokinetics)
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Table 3. Clinically Relevant Drug Interactions with Systemic Antifungal Agents Resulting in an
Increase in the Serum Concentration of the Concomitantly Administered Drug®

Fluconazole
PK

Type of Drug
Interactions

Itraconazole
PK

Voriconazole
PK

Amphotericin
PD

Concomitant drug All trans-retinoic acid
whose serum Antihistamines
concentrationis  (astemizole, terfenadine)
increased by the Benzodiazepines (eg,
antifungal midazolam, triazolam)
agents Calcineurin inhibitors (je,

cyclosporine, tacrolimus)
Carbamazepine

HMG CoA reductase

inhibitors (eg,

simivastatin)
Hypoglycemic agents {eg,

Antiarrhythmies (eg,
dofetilide, quinidine®)
Antihistamines
(astemizole, terfenadine™)
Antineoplastic agents (eg,
vinca alkaloids, busulfan,
cyclophosphamide,
docetaxel, etoposide)
Benzodiazepines (eg, oral
midazelam, triazelam)*
Calcineurin inhibitors (eg,
cyclosporine, tacrolimus)

Antihistamines (astemizole, Aminoglycosides
terfenadine*{ Antineoplastic agents (eg,
Antineoplastic agents} cisplatin, bleomycin)
(metabolized via Cidofovir
CYP3A4, 2C9, and 2ICI9  Calcineurin inhibitors
isoenzymes) (cyclosporine, tacrolimus)
Benzodiazepinesi Flucytosine
Calcineurin inhibitors Foscarnet
(cyclosporine, tacrolimus)
Calcium channel blockersi
(dihydropyridine class)
Ergot allaloids®

HMG CoA reductase

inhibitorsf

glimepiride} Cisapride*

Coicosteroids

Opioids {eg, alfentanil)

Phenytoin {oralinhaled/IV) Hypoglycemic agentsf
Rifamycins (eg, rifampin, Digoxin MMRTIs§
rifabutin} HMG CoA reductase Omeprazole
Sirolimus inhibitors (eg, Phenytain
Warfarin atorvastatin, lovastating®  Protease inhibitors)

simvastatin }* Rifamyecins (rifabutin,

Ovpioids (eg, fentanyl) rifampin)’
Pimozide* Sirolimus®
Quinidine Warfarin
Sirolimus

Warfarin

PK indicates pharmacolkineties; PD, pharmacodynamics; CYP, cytochrome P450; HMG CoA, 3-hydroxy-3-methylglutaryl coenzyme A; IV,
intravencus; NNRTI non-nucleoside reverse transeriptase inhibitors.

*Contraindicated.
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$Dara derived from in vitre studics,

Table 4. Clinically Relevant Drug Interactions with Antifungal Agents : Effect of Other Drugs on the
Pharmacokinetics of Antifungal Agents®

VYariable Fluconazole Itraconazole Yoriconazole Amphotericin B
Concomitant drugs that Phenytoin Phenytoin Barbiturares (long acting)*} Mil
decrease serum Rifabutin Rifampin Carbamazepine}
concentrations of systemic Rifampin Rifabutin NNRTIsE
antifungal agents Phenytoin

Protease inhibitorsi
Rifabutin®
Rifampin*

*Contraindicated per package insert.
tInteraction hypothesized on the basis of metabolism.
tData derived from i virre studies.
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Itraconazole 73 FAAl = 84X <71 LASHA
okor, Hadle 4% A 584 F571 S0t
=AY, AlAlE S8 F57E Sk B2
AkAeL FAlell HEgshH Fv A4ad 7 Uk
AR SEEE Al )9 ol B8
F47 2. UEE oA A A
szt de wl oAl S =AY dev ik
3-8%¢] cyclophosphamide®} FAJol] Fofdh wfj 41
= Szeo] 44 & glo] Folelolol G}, 1
i}, ZolollA = tlawkded}t FEF o] whg-o Wk
Auns g Zobe 8% ErEs Aol uld
A dor, sA] mRrellAl HS Uk whebd Aee
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3. Voriconazole
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gl AT Sl dee FA ek Vor
conazole =AMl HIZMAIZ ‘cyclodextrin’o] Fo]
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ZW7kA] voriconazole®] 4o} &g AAT T Uv
A77h F53 AelolAt, Avlee S5 AT
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3 %ol Geke A Zekstol 84 £FE A9
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™ 9] invasive aspergillosis $FA}1S thAle 2 3t A
a4 QoA Al WY wrSe) ulge 27}
50%2} 30%F voriconazoleZ X &3t o] Egko
v, &g w3l voriconazole %] EFo| =gl

Candidaol] 213+ 54 AT X 8ol YolA = A
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Table 5. Preferred Pediatric Dosing of Approved Systemic Antifungal Agents®

Drug class Antifungal drug Preferred adult dosing Prefemred pediatric dosing Pedatric dosing commuents
Polyene Amphotericin B deoxycholate 1-1.5 mgkg/d 1-1.5 mgke/d Children generally can tolerate
(Fungizone) higher doses than adults
Amphotericin B lipid complex (Abeleet) 5 me/kg/d* $ mg'ke/d
Amphotericin B colloidal 5 mg/kg/d* 5 mgrkg/d
dispersion {Amphocil; Amphotec)
Liposomal amphotericin B 5 mg/kg/d* 5 mgkg/d
(AmBisome)
Pynmidine 5-Fluorocy wsine (Ancobon) 150 mg/kg/d 150 mg/kg/d divided g6h Use caution with large oral
analogue divided goh volume for neonates
Triazole Fluconazole (Diflucan) 100800 mg/d; 6-12 mg'kg/d Dose higher in children due to
36 mpkeid shorter half-life; neonates require
further special dosing
Ttraconazole (Sporanoy) 200400 mg/d 2.5-5 mg/kg/dose bid Dosing BID preferred in children
Vonconazele (VFend) Load: 6 mgkg/dose Load: 6 mg/kg/dose bid = 1.d Linear pharmacokinetics in
bid = 1 d children; exact pedintric dose not
Maintenance: Maintenance: 48 mg/kg/dose BID! vet determined, but believed © be
34 mg/kg'dose bid greater than adult dosing
Echinocandin - Caspofungin (Cancidas) Load: TOmg qd = 1 d Load: 70 mg/m® QD = 1 d Dosing for hepatic insufficiency in
Maintenance: Maintenance: 50 mg/m* gd children is 35 mg/m® qd, similar to
50 mg gd the adult decrease 10 35 mg qd

® Abeleet s officially recommended at 5 mg/kg/d; Amphoed, at 3-5 mp/kp/d; and AmBisome, at 1-5 mg/kg/d. Most clinical data have been obtained with the use off

ns ar 5 my

[I’ll‘Q“ preparatiol

BRE

g/d, and most clinicians use and prefer this higher dosing,

! Suggested dosing by the author; exact pediatric dosing for voriconazole not yet determined.
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day(Max. 70 mg/day)Z Foigls vl A21¢] 50 my
daye} wlssloleh. oFE Fof et ohdlsl Walwl
F% ol W3S WA sk,

ZofellA] HFA AT AT A B Qo]
caspofungin®] Elel] heh AHBE Zel Wy Ax
W glovl, 3-2uidle] Zobd Tt iR

ol QAT A Foll ek

wrelo] gl

o

L i

1) Gallis HA, Drew RH, Pickard WW. Ampho-
tericin B:30 years of clinical experience. Rev
Infect Dis 1990;12:308-29.

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

e gololl A AR BAFA 2 19

Stoll BJ, Hansen N, Fanaroff AA, Wright LL,
Carlo WA, Ehrenkranz RA, et al. Late-onset
sepsis in very low birth weight neonates : the
experience of the NICHD Neonatal Research
Network. Pediatrics 2002;110:285-91.

Rosen GP, Nielsen K, Glenn S, Abelson J,
Deville J, Moore TB. Invasive fungal infections
in pediatric oncologic patients : 11-year experi-
ence at a single institution. J Pediatr Hematol
Oncol 2005;27:135-40.

Abbasi S, Shenep JL, Hughes WT, Flynn PM.
Aspergillus in children with cancer: A 34-year
experience. Clin Infect Dis 1999;29:1210-9.
Willia J, Steinbach MD. Antifungal agents in
children. Pediatr Clin N Am 2005;52:895-915.
Wingard JR, Leather H. A new era of antifun-
gal therapy. Bio Blood Marrow Transplant
2004;10:73-90.

w72k Amphotericin B. thgkzhedsts]. shAyA)
o ZAzko] MEH FE=HA 2000:322-8
Groll AH, Piscitelli SC, Walsh TJ. Antifungal
pharmacodynamics : concentration-effect relation-
ships in vitro and in vivo. Pharmacotherapy
2001;21:133S-48S.

795 Azoles. OlghIets]. Azl Azt
o] MAIZ FFZEIHA} 2000:329-36.

Anak S. Safety and efficacy of ambisome in
patients with fungal infections:a post market-
ing multicentre surveillance study in Turkey.
In: Focus on fungal infections 14. New Orle-
ans : Imedex; 2004 [Abstract 2].

Dismukes WE. Introduction to antifungal agents.
Clin Infect Dis 2000;30:653-7.

Wong-Beringer A, Jacobs RA, Guglielmo BIJ.
Lipid formulations of amphotericin B : Clinical
efficacy and toxicities. Clin Infect Dis 1998;27:
603-18.

Walsh TJ, Hiemenz JW, Seibel NL, et al. Am-
photericin B lipid complex for invasive fungal
infections : analysis of safety and efficacy in
556 cases. Clin Infect Dis 1998;26:1383-96.
Linder N, Klinger G, Shalit I, et al. Treatment
of candidaemia in premature infants: compari-

son of three amphotericin B products. J Anti-



20

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Zolzted 1A 138 A 1% 20061

microb Chemother 2003;52:663-7.

Walsh TJ, Viviani MA, Arathoon E,
New targets and delivery systems for antifungal
therapy. Med Mycol 2000;38:335-47.

William E. Dismukes. Introduction to Antifun-
gal drugs. Clin Infect Dis 2000;30:653-7.
Wingard JR, Merz WG, Rinaldi MG, Johnson
TR, Karp JE, Saral R. Increased in Candida
Krusei infection among patients with bone mar-

et al.

row transplantation and neutropenia treated pro-
phylactically with fluconazole. N Engl J Med
1991;325:1274-6.

Sarvikivi E, Lyytikainen O, Soll DR, Pujol C,
Pfaller MA, Richardson M, et al. Emergence of
fluconazole resistance in a Candida parapsilosis
strain that caused infections in a neonatal inten-
sive care unit. J Clin Microbiol 2005;43:2729-35.
Chamilos G, Kontoyiannis DP. Voriconazole-
resistant disseminated Paecilomyces variotii in-
fection in a neutropenic patient with leukaemia
on voriconazole prophylaxis. J Infect 2005;51:
e225-8.

Brammer KW, Coates PE. Pharmacokinetics of
fluconazole in pediatric patients. Eur J Clin Mi-
crobiol Infect Dis 1994;13:325-9.

Huttova M, Hartmanova I, Kralinsjy K, et al.
Candida fungemia in neonates treated with flu-
conazole : report of forty cases, including eight
with meningitis. Pediatr Infect Dis J 1998;17:
1012-5.

Driessen M, Ellis JB, Cooper PA, Wainer S,
Muwazi F, Hahn D, Gous H, De Villiers FP.
Fluconazole vs. amphotericin B for the treat-
ment of neonatal fungal septicemia:a prospec-
tive randomized trial. Pediatr Infect Dis J
1996;15:1107-12.

Long SS, Stevenson DK. Reducing candida in-
fections during neonatal intensive care : man-
agement choices, infection control, and flucona-
zole prophylaxis. J Pediatr 2005;147:135-41.
Morgenstern GR, Prentice AG, Prentice Hg,
Ropner JE, Schey SA, Warnock DW. A rando-
mized controlled trial of itraconazole versus
fluconazole for the prevention of fungal infec-
tions in patients with haematological malignan-

25)

26)

27)

28)

29)

30)

31)

32)

33)

cies. Br J Haematol 1999;105:901-11.

Pannaraj PS, Walsh TJ, Baker CJ. Advances in
antifungal therapy. Pediatr Infect Dis J 2005;
24:921-2.

Walsh TJ, Karlsson MO, Driscoll T, Arguedas
AG, Adamson P, Saez-Llorens X, et al. Phar-
macokinetics and safety of intravenous vori-
conazole in children after single-or multiple-
dose administration. Antimicrob Agents Chemo-
ther 2004;48:2166-72.

Steinbach WJ, Benjamin DK. New antifungal
agents under development in children and neo-
nates. Curr Opin Infect Dis 2005;18:484-9.
Herbrecht R, Denning DW, Patterson TF, Ben-
nett JE, Greene RE, Oestmann JW, et al. Vori-
conazole versus amphotericin B for primary
therapy of invasive aspergillosis. Engl J Med
2002;347:408-15.

Walsh TJ, Pappas P, Winston DJ, Lazarus HM,
Petersen F, Raffalli J, et al. Voriconazole com-
pared with liposomal amphotericin B for em-
pirical antifungal therapy in patients with neu-
tropenia and persistent fever. Engl J Med 2002,
346:225-34.

Walsh TJ, Lutsar I, Driscoll T, Dupont B,
Roden M, Ghanramani P, et al. Voriconazole
in the treatment of aspergillosis, scedosporiosis
and other invasive fungal infections in children.
Pediatr Infect Dis J 2002:21;240-8.

Mora-Duarte J, Betts R, Rotstein C, Colombo
AL, Thompson-Moya L, Smietana J, et al.
Comparison of caspofungin and amphotericin b
for invasive candidiasis. N Engl J Med 2002;
347:2020-9.

Walsh TJ, Teppler H, Donowitz GR, Maertens
JA, Baden LR, Dmoszynska A, et al. Caspo-
fungin versus liposomal amphotericin B for em-
pirical antifungal therapy in patients with per-
sistent fever and neutropenia. N Engl J Med
2004;351:1391-402.

Walsh TJ, Adamson PC, Seibel NL, Flynn PM,
Neely MN, Schwartz C, et al. Pharmacokine-
tics, safety, and tolerability of caspofungin in
children and adolescents.
Chemother 2005;49:4536-45.

Antimicrob Agents




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


