
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Flucytosine: an exploration of pharmacokinetics and toxicity

Vermes, A.

Publication date
2000

Link to publication

Citation for published version (APA):
Vermes, A. (2000). Flucytosine: an exploration of pharmacokinetics and toxicity. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/flucytosine-an-exploration-of-pharmacokinetics-and-toxicity(ee5ba3a4-03a5-408e-8dc3-b3e50d291d3e).html


QÉ É 

< < 

I I u u 

Flucytosine ::  a Review of Its Pharmacology , 
Clinica ll  Indications , Pharmacokinetics , 

Toxicit yy  and Drug Interactions . 

A.. Vermes,1'2 H.-J. Guchelaar1, J. Dankert2 

Departmentss of 'Clinical Pharmacy and 2Medical Microbiology, 

Academicc Medical Center, University of Amsterdam, Amsterdam, The Netherlands. 

JJ Anfimr'crob Chemother 2000; 46: 171-179 

(shorter(shorter version) 



20 0 Chapterr I 

ABSTRACT T 
Flucytosinee (5-FC) is a synthetic antimycotic compound, first synthesized in 1957. It has 

noo intrinsic antifungal capacity but after it has been taken up by susceptible fungal 

cells,, it is converted into 5-fluorouracil (5-FU), which is further converted to metabolites 

thatt inhibit RNA and DNA synthesis. 

Monotherapyy with 5-FC is limited because of the frequent development of resistance. 

Inn combination with amphotericin B, 5-FC can be used to treat severe systemic 

mycoses,, such as cryptococcosis, candidiasis, chromoblastomycosis and aspergillosis. 

Recently,, 5-FC has been combined with newer azole antifungal agents; it also plays an 

importantt role in a new approach to the treatment of cancer. 

Thee severe side effects of 5-FC include hepatotoxicity and bone-marrow depression. In 

mostt patients, these side effects are concentration dependent, predictable, possibly 

avoidablee with close monitoring to maintain 5-FC concentrations at <100 mg/L, and 

reversiblee with drug discontinuation or reduction of dose. 

5-FCC is well absorbed after oral administration, penetrates into body tissues well and is 

excretedd mainly by the kidneys. In renal failure, major dose adjustments have to be made. 

Thee most important drug interaction of 5-FC occurs with concomitant administration of 

5-FCC and nephrotoxic drugs, especially amphotericin B. Owing to the crucial role of 

glomerularr filtration in 5-FC elimination, drugs that impair this mechanism will 

decreasee the elimination of 5-FC and thus prolong its half-life. 
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INTRODUCTION N 
Off the estimated 250,000 fungi species, approximately 150 are known to be primary 

pathogenss of humans. Medically important fungi belong to 4 taxonomie classes, 7 

taxonomiee orders, involving many genera. 

Fungii are members of the part of the plant Kingdom that lack chlorophyll. Therefore, 

theyy require an external carbon source, derived from decomposing non-living organic 

matterr (saprophytic fungi) or from living plants, animals and humans {parasitic fungi). 

Thiss last group may or may not be associated with disease. Fungi are eukaryotic, 

meaningg that each fungal cell has a nucleus, nuclear membrane, endoplasmatic 

reticulum,, Golgi apparatus and mitochondria. In contrast to mammalian cells, the 

fungall cells have a rigid cell wall composed of chitin (N-acetyl-D-glucosamine) linked 

byy /M-4-glycoside bonds or mannans {polymers of glucose in a- or /^glycoside 

bonds)) or sometimes cellulose. 

Singlee fungal cell forms are known as yeast. Moulds form multiple cells consisting of 

thread-likee filaments (hyphae) forming a filamentous mycelium. Yeast reproduce by 

budding,, a process whereby a progenitor cell pinches off a portion of itself to produce 

aa progeny cell. Moulds reproduce by the formation of spores which may be either 

asexuall (only mitosis involved) or sexual (involving meiosis; preceded by fusion of the 

protoplasmm and nuclei of two cells). 

Humann fungal infections are classically classified, based on the site of infection, into 

fourr categories. Although the grouping of fungal or mycotic diseases based on the site 

off infection is helpful, a sharp separation is sometimes not possible. The four human 

mycosess categories are: superficial mycoses, subcutaneous and (sub)mucosal 

mycoses,, deep-seated or systemic mycoses, and opportunistic mycoses. 

Certainn fungi, categorized as a cause of a superficial mycosis (e.g. Malassezia furfur) 

orr a subcutaneous mycosis (e.g. Sporothrix schenckii) may cause disseminated 

infectionss or invasive and systemic diseases, respectively. On the other hand, fungi 

causingg deep-seated mycoses (Histoplasma capsuhtum, Blastomyces dermatitidis) can 

causee primary cutaneous and subcutaneous infections. 

Skinn mycoses are distinguished into two categories since certain fungi cause 

specificallyy skin infections whilst other fungi only cause infection in the subcutaneous 

tissues.. The deep-seated or systemic fungal infections are caused by fungi that can be 

highlyy virulent. They can invade deeply into tissues of various organs and they have 

thee capability to spread throughout the body. Opportunistic fungal infections are due 
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too non-pathogenic fungi, formally considered as consaminants in patients who are 

severelyy immunosuppressed or have compromised cellular immunity. 

Thee treatment of fungal infections has become more complex. Firstly, a high range of 

fungii is now known to be clinically important because of changes in medical care, 

internationall travel, and also prophylactic approaches. In addition, the number of 

immunosuppressedd patients is increasing and the resistance of certain fungi to certain 

antifungall agents is increasing.1 

AA consequence of the similarity between fungal and mammalian cells is that, in 

general,, antifungal drugs are associated with more toxicity than antibacterial drugs. 

Thee present systemic antifungal agents have mechanisms of action, which are directed 

againstt sterols in the cell membrane and enzymes controlling metabolic activity and 

nucleicc acid synthesis.2 

Onee of the oldest antifungal agents is 5-fluorocytosine (flucytosine; 5-FC), the fluorine 

analoguee of cytosine. 5-FC was synthesized in 1957, potentially as an antitumor 

agent.33 However, it was ineffective against tumors.4 Four years later, 5-FC proofed to 

bee active in experimental candidiasis and cryptococcosis in mice.5 In 1968 5-FC was 

usedd for the first time in humans for the treatment of candidiasis and cryptococcosis.6,7 

Besidess the effect on Candida species and Cryptococcus neoformans, 5-FC is active 

againstt fungi causing chromoblastomycosis.8 Binding of 5-FC to serum proteins is 

negligible,99 and this characteristic, together with a low molecular weight, may help to 

explainn the drug's excellent penetration into body tissues.10 

Thee antimycotic activity of 5-FC depends on its deamination to fluorouracil 

(5-fluorouracil;; 5-FU). 5-FC is taken up by mycotic cells by means of the enzyme 

cytosinee permease and converted into 5-FU by the specific enzyme cytosine 

deaminase.8,10'122 5-FU in its turn is converted to 5-fluorodeoxyuridylic acid 

monophosphate,, a non-competitive inhibitor of thymidylate synthetase, by which the 

RNAA and DNA synthesis of the mycotic cells is inhibited.810,12 

Adversee effects of 5-FC are infrequent but may be severe.813'21 Nausea, vomiting, 

diarrheaa and exanthema have been recognized as relatively unharmful side effects of 

5-FC.88 The dose-limiting toxicities of 5-FC are bone-marrow depression and 

hepatotoxicity.13"22 2 

5-FCC has gained renewed interest due to two recent developments in its use. Firstly, 5-FC 

iss used in combination with a number of azole antifungal agents, such as ketoconazole, 

fluconazole,fluconazole, and itraconazole. Secondly, 5-FC plays an important role in one of the new 

therapeuticc approaches in the treatment of different types of cancer, especially colorectal 

carcinoma.. This approach involves the enzyme/pro-drug combination cytosine 
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deaminase/5-FCC as a mechanism by which high local concentrations of 5-FU can be 

deliveredd at the tumor site, without severe systemic toxicity. 

Thee purpose of this manuscript is to provide a review of the pharmacology, clinical 

indications,, toxicity, pharmacokinetics, and drug interactions of the antimycotic drug 

5-FC.. The new developments in the use of 5-FC will be discussed and the possible role 

off 5-FU in the toxicity of 5-FC, which has been investigated by others,23,24 will be 

exploredd and evaluated. 

PHARMACOLOG Y Y 

Chemistr y y 

5-FCC (5-fluorocytosine; flucytosine; 4-amino-5-fluoro-2(lH-pyrimidone) is a white 

crystallinee solid substance that is soluble in water (1.5 g/100 mL at ) and it has a 

pKa,, of 3.26.25 It is the 5-fluorine analogue of cytosine, which is a normal body 

constituentt (Figure l).1,26 

HH H H 
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C C 

Figur ee 1 . Chemical structures of 

cytosinee (A), flucytosine (B), and 

5-fluorouracill (C). 

Mechanis mm of Actio n 

5-FCC itself has no antifungal activity. The antimycotic activity of the compound is due 

too the rapid conversion of 5-FC into 5-FU (Figure 1) within susceptible fungal 

cells.8'10,122 Therefore, two major requirements have to be fulfilled in order to make it 

possiblee for 5-FC to be active as an antifungal compound: 5-FC has to be taken up by 

thee cell and it has to be converted into 5-FU.27,28 

5-FCC is taken up by susceptible cells by means of the enzyme cytosine permease, 

whichh is also the transport system for adenine, hypoxanthine, and cytosine.29 The latter 

compoundss are able to antagonize the uptake of 5-FC as a consequence of the same 
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routee of transportation.29 The carrier system is energy-dependent and coupled to a 

protonn gradient.25 The influence of the pH on the kinetic constants points to a 

stochiometryy of one proton being associated to the transport system together with one 

substratee molecule.30 

Oncee inside the fungal cell, 5-FC is rapidly deaminated to 5-FU by means of the 

enzymee cytosine deaminase.31 The specificity of this step is crucial for the narrow 

antifungall spectrum of 5-FC. Fungi lacking the enzyme cytosine deaminase are not 

sensitivee to this antimycotic drug since 5-FC itself has no antifungal activity.32 5-FU on 

thee other hand cannot be used as an antimycotic drug since it is highly toxic to 

mammaliann cells and also because it is only poorly taken up by fungal cells.29 

Afterr uptake of 5-FC into a susceptible fungal cell by cytosine permease and the 

conversionn into 5-FU by cytosine deaminase, two mechanisms can be distinguished by 

whichh 5-FU acts as an antifungal agent (Figure 2). The first mechanism involves the 

subsequentt conversion of 5-FU through 5-fluorouridine monophosphate (FUMP) and 

5-fluorouridinee diphosphate (FUDP) into 5-fluorouridine triphosphate (FUTP).33"35 FUTP 

iss incorporated into fungal RNA in place of uridylic acid, which alters amino acylation 

off tRNA and disturbs the amino acid pool and protein synthesis.34"35 This finally results 

inn the inhibition of protein synthesis. The second mechanism is the metabolism of 5-FU 

intoo 5-fluorodeoxyuridine monophosphate (FdUMP) by the uridine monophosphate 

pyrophosphorylase.33,355 FdUMP is a potent inhibitor of thymidylate synthetase, which is 

aa key enzyme in the biosynthesis of DNA since thymidylate synthetase is the crucial 

sourcee of thymidine.11,12 Consequently, by this mechanism the DNA synthesis of the 

fungall cell is inhibited. These two mechanisms of action of 5-FC have been confirmed 

inn a study using fluorine-19-magnetic resonance spectroscopy analysis (19F-NMR).36 

Itt is not fully clear whether these two different pathways of 5-FC activity are equally 

importantt for the total antifungal effect of 5-FC. Using 5-FC susceptible Candida 

albicansalbicans strains it was shown that there is a positive correlation between the degree of 

5-FCC susceptibility and the inhibition of both RNA and DNA synthesis, incorporation of 

5-FUU into RNA, inhibition of ribosomal protein synthesis, and levels of FdUMP.35 

However,, some strains had a reduced incorporation of 5-FU or reduced FdUMP levels, 

suggestingg that these two pathways are not necessary linked to each other and that 

bothh may be responsible for 5-FC activity.35 Despite these findings, there is controversy 

onn the importance of the inhibition of DNA synthesis of the fungal cell by 5-FC.8,37,38 

Thee use of 5-FC as a single agent is limited, because of the pre-treatment occurrence 

off resistant strains (about 10% of C. albicans isolates) and the development of 

resistancee of many fungi during treatment. In the vast majority of cases, 5-FC is used 
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concomitantlyy with other agents, mainly amphotericin B, for the treatment of systemic 

mycoses.13,399 The combined use of 5-FC and amphotericin B enhances the antifungal 

activityy of both drugs, as first shown by Medoff ef a/.40 The enhancement of the uptake 

off 5-FC by strains that are 5-FC resistant in case 5-FC is used in combination with 

amphotericinn B, is due to an alteration of the permeability of the fungal cell 

membrane.411 The uptake of 5-FC by strains susceptible to 5-FC, is not altered by 

amphotericinn B and thus a separate or sequential action of these two drugs and their 

synergismm is suggested.41 

FUMP P FUDP P 
incorporationn inhibition 

FUTPP - * " j n t o RNA - * " of protein 
synthesis s 

permease e 
5-FC C 

cytosine e 

deaminase e 
*  5-FU 

FdUMP P inhibitionn of 
thymidylatee synthetase 

inhibition n 
"" of DNA 

synthesis s 

cell l 
membrane e 

Figur ee 2 . Intrafungal pathway and mode of action of 5-FC. 

Abbreviations:: 5-FC, flucytosine; 5-FU, 5-fluorouracil; FUMP, 5-fluorouridine monophosphate; FUDP, 

5-fluorouridinee diphosphate; FUTP, 5-fluorouridine triphosphate; FdUMP, 5-fluorodeoxyuridine 

monophosphate. . 

Resistanc e e 
Thee occurrence of resistance with the use of 5-FC has been widely described and 

precludess the application of 5-FC as a single drug.6'7,31,42"49 

Twoo basic mechanisms of resistance can be distinguished. Firstly, 5-FC resistance in 

fungall cells may be a consequence of certain mutations, which result in a deficiency in 

thee enzymes necessary for cellular transport and uptake or for the different metabolic 

changess of the antimycotic agent (i.e. cytosine permease, uridine monophosphate 

pyrophosphorylase,, or cytosine deaminase).32,50'5' Secondly, 5-FC resistance may 

involvee an increased synthesis of physiologically normal pyrimidines, which compete 

withh the fluorinated antimetabolites of 5-FC and thus diminish its antimycotic activity.32 
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Itt has been shown that defective uridine monophosphate pyrophosphorylase is the 

mostt frequently occurring type óf acquired 5-FC resistance in fungal cells.39 

Normarkk and Schönebeck described that, depending on the mechanism involved, two 

differentt phenotypes of 5-FC resistant strains can be recognized.45 5-FC resistant 

strainss of the class 1 phenotype are not affected by 5-FC at high concentrations of the 

antimycoticc agent, these strains are totally (intrinsically) resistant. On the other hand, 

thee strains of the class 2 phenotype initially show susceptibility to 5-FC at low 

concentrations,, but upon long exposure to 5-FC development of resistance occurs, 

evenn for high concentrations of 5-FC ("partially" resistant strains; acquired resistance). 

Developmentt of resistance in class 2 phenotype strains is most probably due to 

selectionn of non-susceptible mutants leading to a secondary resistant population.32,34 

Resistancee to 5-FC occurs at different rates, depending on the specific organism.52 Up 

too 7-8% of naturally resistant strains are found among pre-treatment isolates of C. 

albicans,albicans, unspeciated Candida and Torulopsis g/abrata. In Cr. neoformans the 

resistancee rate is lower (1 -2%), whereas it is higher among Candida species other than 

CC albicans (22%), because of the prevalence of generally less sensitive species such as 

C.. tropicalis and G krusei.52 However, the exact incidence of primary 5-FC resistance 

iss not fully clear. Different investigators report rates ranging between 8 and 44% for 

CandidaCandida species.26 Possible factors contributing to this wide range include the used 

susceptibilityy methods, local factors, involving use of antifungals and differences 

amongg the prevalence of various Candida species.26 

Resistancee to 5-FC is a consequence of a wide variety of biochemical mechanisms and 

thereforee it is assumed that normally sensitive fungal populations contain a minority of 

mutantss that show secondary 5-FC resistance due to one of these many types.32 

Furthermore,, it has been found that the overall incidence of resistance is species 

specific,, is correlated with the length of exposure to 5-FC, and is inversely correlated 

withh the amount of 5-FC in the test medium.32,34 These findings have important clinical 

implicationss for the use of 5-FC as an antifungal agent for monotherapy. The 

emergencee of resistance and the occurrence of treatment may be due to a high 

numberr of fungi present in an infection, an infection by a species or a strain with a 

highh intrinsic resistance frequency, application of 5-FC doses at which only low levels 

off the agent at the site of infection is achieved, and the clinical necessity to treat for a 

longg period of time.26 
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CLINICALL USES AND TRIAL RESULTS 
Thee activity of 5-FC as a single antimycotic agent has been described in cases of 

infectionss caused by Cr. neoformans, Candida species, and T. glabrata, as well as in 

chromoblastomycosiss and phaeohyphomycosis.39 However, the use of 5-FC as a 

singlee agent is very limited, because of the frequent development of secondary 

resistancee of many fungi to this antimycotic agent. Monotherapy with 5-FC is only used 

inn some individual cases of chromoblastomycosis and uncomplicated lower urinary 

tractt candidiasis and vaginal candidiasis.8,38 In the vast majority of cases 5-FC is used 

concomitantlyy with other agents, mainly amphotericin B, for the treatment of systemic 

mycoses.13,39 9 

Cryptococcosi s s 
Inn some early reports 5-FC alone was used to treat cryptococcal meningitis refractory 

too previous therapy with amphotericin B alone.7,54 However, it has been postulated that 

thee persistent activity of amphotericin B was responsible for the results observed in 

suchh patients since this drug has a long half-life in cerebrospinal fluid (CSF).39 

Moreover,, the cure rate among patients treated with 5-FC after amphotericin B 

treatmentt was similar to that of amphotericin B alone.55 

Thee superiority of the combination of amphotericin B and 5-FC over either drug alone 

inn cryptococcal meningitis has been described in case series,56 as well as in randomized 

trials.13,57'611 Bennett ef a/, found in non-HIV infected patients that the combination of 

amphotericinn B (0.3 mg/kg/day) and 5-FC (150 mg/kg/day) administered for 6 weeks 

wass superior to amphotericin B alone (0.4 mg/kg/day) administered for 10 weeks.13 

Patientss treated with the combination of 5-FC and amphotericin B had a higher 

percentagee of cure or improvement, a significantly more rapid sterilization of CSF, and 

lowerr mortality. In a similar trial evaluating the same combined regimen for 4 weeks in 

comparisonn with 6 weeks, it was shown that a 6 weeks treatment was required for most 

patients.577 The authors suggested that 4 weeks of treatment may be used in non-

immunocompromisedd patients with favorable prognostic signs, including a CSF 

cryptococcall antigen titer of less than 1:8 following treatment.57 

Severall studies have been conducted in HIV-infected patients with cryptococcosis. In a 

retrospectivee study the course and outcome of 89 eligible patients were reported.62 Of 

themm 49 patients received the combination of 5-FC and amphotericin B and 40 

patientss were treated with amphotericin B alone. There was a trend towards a higher 
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survivall in the group of patients treated with the combination, although the survival 

ratess in both patient groups were not significantly different.62 However, the efficacy of 

clearancee of cryptococcal antigen from the CSF was not assessed and 5-FC levels 

weree not monitored, by which the interpretation of the role of this antimycotic drug 

remainss difficult. In a randomized study with a small population (42 patients of whom 

200 were finally used in the study), the combination of amphotericin B and 5-FC was 

foundd to be more effective than that of fluconazole.63 Recently, the results of a 

randomized,, double-blind, multicenter trial were published in which patients with a 

firstt episode of HIV-associated cryptococcal meningitis were treated with high-dose 

amphotericinn B (0.7 mg/kg/day) with or without 5-FC (100 mg/kg/day) for two 

weeks.588 It was found that the combination of high-dose amphotericin B and 5-FC was 

associatedd with an increased rate of CSF sterilization and a decreased mortality at 2 

weekss following treatment. 

Thee use of 5-FC for the treatment of cryptococcal meningitis may in the future 

includee the combination with ketoconazole, fluconazole or itraconazole, although 

currentlyy these combinations are not formulated as satisfactory.64 Ketoconazole, 

amphotericinn B, 5-FC and combinations of these drugs were compared for chronic 

cryptococcall meningitis in steroid-treated rabbits.65 It was shown that the 

combinationn of ketoconazole and amphotericin B was at least as effective as the 

combinationn of amphotericin B and 5-FC after a two-week treatment regimen. In a 

mousee model of cryptococcal meningitis, the combination of 5-FC and fluconazole 

resultedd in a significantly higher survival and a lower colony count of Cr. neoformans 

inn brain tissue than either drug alone.66 However, this synergism between these two 

antifungall agents was not found in a study of experimental cryptococcal meningitis in 

rabbits.677 Recently, it has been shown that HIV-infected patients with cryptococcal 

meningitiss could possibly benefit from the combination of 5-FC and regular-dose 

fluconazole,688 although there have also been reports that show the superiority of 

amphotericinn B/5-FC over fluconazole.63 Furthermore, in a randomized study with 

AIDSS patients with cryptococcal meningitis receiving either fluconazole or 

amphotericinn B, it has been shown that fluconazole was as effective as amphotericin 

B.699 Itraconazole is less effective as compared to the combination of amphotericin B 

andd 5-FC in achieving a complete response in the initial therapy in AIDS patients 

withh cryptococcal meningitis. Only a complete response was observed in 5 out of 12 

patientss using itraconazole in contrast to all of the 10 patients treated with 

amphotericinn B/5-FC.70 
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Candidiasi s s 
Monotherapyy of 5-FC in cases with systemic or disseminated candidiasis has been 

shownn to be effective in adults,6,71,72 as well as in neonates and premature infants.73 

5-FCC has also proven to be effective in cases of pulmonary candidiasis41 and in a 

casee of C albicans arthritis.76 However, resistance of 5-FC in Candida species is not 

raree and thus treatment of such infections with 5-FC alone is not recommended. 

Sincee in vitro and in animal models synergistic activity of amphotericin B and 5-FC has 

beenn shown against a number of different Candida species77,78 this combination is also 

used.. It has been shown that chronic infections with Candida species such as candidal 

endophthalmitis79,800 and endocarditis18 can be treated with the combination of 

amphotericinn B and 5-FC for long periods of time, in conjunction with surgery. There 

aree also reports in literature of the use of a combination of 5-FC and amphotericin B 

forr the treatment of hepatosplenic candidiasis.81'83 Furthermore, it has been shown in 

aa retrospective study that patients with candidal meningitis respond well to the 

combinationn of amphotericin B and 5-FC.84 5-FC has been shown to be beneficial in 

thee combination treatment with amphotericin B of patients with candidal peritonitis 

associatedd with continuous ambulatory peritoneal dialysis, if the catheter cannot be 

removed.855 Finally, in the treatment of uncomplicated candidal cystitis 5-FC has been 

usedd alone as well as in combination with amphotericin B.86,87 Recently however, the 

rolee of 5-FC in the treatment of candidal urinary tract infections has been discussed.88 

Thee use of 5-FC for this indication is limited by the drug's toxicity and it should only be 

usedd under unusual circumstances or when azole-resistant organisms are involved.88 

Itt has to be pointed out that currently no randomized trials have been conducted to 

determinee the superiority of the combination therapy of 5-FC and amphotericin B over 

therapyy with amphotericin B alone or fluconazole alone for the treatment of invasive 

candidall infections. However, combination therapy with amphotericin B and 5-FC is 

recommendedd in the following conditions of invasive candidiasis, especially due to C. 

tropicalis,tropicalis, C. parapsilosis, C. krusei or C. guiiiiermondii (which are inherently less 

susceptiblee to amphotericin B than C. albicans): candidal meningitis, hepatosplenic 

candidiasis,, and candidal endophtalmitis, endocarditis, and peritonitis.39 

Futuree developments in the use of 5-FC in the treatment of candidiasis lie within the 

combinationn of this antimycotic drug with ketoconazole, fluconazole, and 

itraconazole.89"911 The combination of 5-FC and itraconazole has been found to be 

synergisticc in a murine candidiasis model.91 Fluconazole and the combination of 

itraconazolee and 5-FC have been shown to be equally effective.90 Fluconazole has 
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beenn shown to exert superior efficacy over 5-FC alone in the treatment of esophageal 

candidiasiss in HIV-infected patients.89 Surgical patients with deep-seated Candida 

mycoses,, receiving the combination of amphotericin B and 5-FC eliminated the 

organismm earlier as compared to patients treated with fluconazole alone, although the 

curee rate of the two patient groups was similar.92 In intensive care unit patients with 

pneumoniaa or sepsis due to Candida species and treated with fluconazole or 

amphotericinn B/5-FC no differences were observed in the clinical outcome. However, 

thee combination of amphotericin B and 5-FC was more effective than fluconazole for 

thee treatment of patients with peritonitis and eradicated the infecting yeast better.93 

Aspergillosi s s 

5-FCC is often added to amphotericin B in the treatment of invasive aspergillosis, 

primarilyy in cases of aspergillosis refractory to amphotericin B alone.94'96 However, there 

iss no clear evidence that this combination is more effective than amphotericin B alone.41 

Pulmonaryy aspergillosis, has been effectively treated with 5-FC monotherapy as well as 

inn combination with amphotericin B.97,98 However, large comparable trials are lacking. 

Chro mm o blastomycosi s 

Thee treatment of chromoblastomycosis caused by dematiaceous moulds has been 

hamperedd by the relative paucity of effective agents and particularly by the in vitro 

resistancee of many of these moulds to amphotericin B.39 In a small series in the United 

States722 and a larger series from Brazil99100 5-FC has been shown to be effective as 

solee therapy for chromoblastomycosis. Furthermore, there are some case reports in 

literaturee in which chromoblastomycosis has been cured with the combination of oral 

andd topical 5-FC101 and with the combination of oral ketoconazole and 5-FC after 

monotherapyy with ketoconazole had failed.102 

Othe rr  Mycose s 

Thee combination of 5-FC and amphotericin B has also been shown to be effective 

againstt large cryptococcal intracerebral masses (cryptococcomas).103 This combination 

cann also be used in the treatment of phaeohyphomycosis of the central nervous 

system,, specifically caused by Xylohypha bantiana.™3 
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5-FCC is not effective in the treatment of blastomycosis, coccidioidomycosis, 

histoplasmosis,, or sporotrichosis.39 

Cancerr  Therap y 
5-FCC possibly has a new role within the treatment of different types of cancer, 

especiallyy colorectal carcinoma. 

Colorectall carcinoma is the second leading cause of malignancy in Western countries, 

accountingg for 151,000 new cases and 61,000 deaths annually in the USA mainly 

duee to metastases in the liver.104 In spite of intensive efforts, there is no satisfactory 

cytostaticc drug that significantly improves the overall survival rate of patients with 

colorectall carcinoma.104,105 The current therapy for colorectal cancer includes systemic 

orr regional chemotherapy with 5-FU or floxuridine, which is limited by its adverse 

effects,, especially in high doses.105 One of the new and promising therapeutic 

approachess taking advantage of the effectiveness of 5-FU and minimizing its systemic 

toxicityy is the use of an enzyme/pro-drug combination using cytosine deaminase and 

5-FC.. The goal of the use of this combination is to deliver high local concentrations of 

5-FUU at the tumor site. 

Nishiyamaa et a/, studies the localized in vivo generation of 5-FU in order to achieve a 

neww anticancer therapy strategy.100 They implanted capsules containing cytosine 

deaminasee into subcutaneous tumors growing in rats. Subsequently, these rats received 

5-FCC systemically. Considerable antitumor activity without measurable toxicity was 

shownn using this approach.106 Recently, this concept was implemented using a genetic 

approachh by which genetically modified tumor cells were used to express cytosine 

deaminase.. After the modified cells had been implanted into mice, local 5-FU 

generationn and antitumor effect was observed.107'109 Effective antitumor activity has also 

beenn shown in experiments in colon carcinoma cell lines and mice using direct 

administrationn of an adenovirus vector carrying the Escherichia coli cytosine deaminase 

gene,, driven by the cytomegalovirus promotor (AdCMV.CD).110,111 Expression of the 

cytosinee deaminase gene has recently been achieved in various cell lines, such as 

fibrosarcoma,, adenocarcinoma, gliosarcoma, and hepatocellular carcinoma. The 

geneticallyy modified cells were selectively sensitive to 5-FC as compared to unmodified 

cells.104Transferr of the cytosine deaminase gene followed by 5-FC treatment is likely to 

becomee a promising approach for various types of cancer, if tumor-cell selective 

transductionn or expression of this gene could be applicable in vivo. 
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TOXICITY Y 

5-FCC is known to cause relatively unharmful side effects such as nausea, vomiting, and 

diarrhea,, but the more severe side effects of 5-FC include hepatotoxicity and bone-

marroww depression.813"21 

Itt has been postulated that since the necessary enzyme cytosine deaminase is absent 

orr only weakly active in mammalian cells, the conversion of 5-FC to 5-FU can hardly 

takee place in mammalian cells and hence toxicity should be minimal.2'12,25,32 However, 

investigatorss have shown that certain bacteria residing in the human gastrointestinal 

tractt are able to deaminate 5-FC to 5-FU, which could play a significant role in the 

toxicityy of 5-FC in humans.23,24 Moreover, a correlation was found in humans between 

thee gut flora status and the amount of 5-FU metabolites in urine.53 

Gastrointestina ll  Side Effect s 
Gastrointestinall side effects are the most common and least harmful side effects 

associatedd with 5-FC treatment. They include nausea, diarrhea, and occasionally 

vomitingg and diffuse abdominal pain and they occur in approximately 6% of the 

patientss treated with 5-FC.48,56'71'72 These side effects are usually not severe, although 

twoo cases of ulcerative colitis and bowel perforation have been reported in 

literature.50,1122 Also, a case of 5-FC-associated ulcerating enteritis has been described.'13 

Raree Sid e Effect s 
Raree side effects due to 5-FC that have been reported in literature include skin rash,10 

eosinophilic/1,1144 and crystalluria.115 Furthermore, anaphylaxis has been reported in 

onee patient with AIDS, but this seems to be a rare side effect.116 Also, there is a 

potentiall for spurious azotemia with the use of 5-FC since this antimycotic agent can 

interactt with the enzymatic method used for creatinine determination in the Kodak 

Ektachem®® analyser.117 Finally, a recent case report described the occurrence of a 

reversiblee acute cerebellar syndrome after treatment with amphotericin B and 5-FC for 

cryptococcall meningitis.118 This syndrome was most probably secondary to the 

administrationn of 5-FC.118 
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Hepatotoxicit y y 
Thee occurrence of hepatotoxicity during 5-FC treatment has been described in 

literature.. In most cases it involved elevations of the titers of transaminases and 

alkalinee phosphatase in serum.10,22,48*50'71,72,119 The rate of hepatotoxicity is not fully 

clear.. Most of the reports in literature describe percentages varying between 0 and 

25%,10'13'15'20'117'1200 although a recent study showed that percentages of hepatotoxicity 

upp to 40% could occur.22 The authors of this latter study explained their findings of 

higherr hepatotoxicity with their more strict definition of hepatotoxicity as compared to 

earlierr studies and the possibility that increases in liver enzymes were possibly not 

solelyy dependent on 5-FC, taking into consideration the complex state of health of the 

investigatedd patients. 

Thee elevations in levels of liver enzymes are mostly reversible if the dose of 5-FC is 

reducedd and sometimes even when the dose is unchanged.27,34 Increases of the level 

off bilirubin in serum or liver swelling have also rarely been reported in literature, but 

thesee side effects were reversible with discontinuation of 5-FC treatment.48,71 However, 

twoo cases of severe liver necrosis have occurred in patients who received 5-FC for 

treatmentt of Candida endocarditis.18 

Thee mechanism of hepatotoxicity due to 5-FC is unknown, but it seems to be 

concentration-dependent,, predictable, possibly avoidable with careful maintenance of 

5-FCC levels at <100 mg/L, and reversible with temporary discontinuation of the drug 

orr a reduction in dose.20,39,117 However, there have been reports in literature in which it 

wass observed that pre-existing elevated values of liver enzymes or bilirubin did not rise 

furtherr or even decreased during treatment with 5-FC.34 Furthermore, not all patients 

withh elevated 5-FC levels will experience hepatotoxicity.39 

Bone-Marro ww Depressio n 
Thee most alarming and severe toxicity associated with 5-FC treatment is bone-marrow 

depressionn and there have been several reports of serious or life-threatening 

leucocytopenia,, thrombocytopenia and/or pancytopenia.17'19,121 Fatal cases of bone-

marroww aplasia have been described.17,121,122 

Inn the study by Kauffman and Frame, 4 out of a total of 15 patients treated with 5-FC 

developedd bone-marrow toxicity (leucocytopenia in three and pancytopenia in one 

patient).177 All four patients had peak serum 5-FC levels of 125 mg/L or greater 

immediatelyy preceding and during the initial period of bone-marrow depression and 
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thee 5-FC serum concentrations remained elevated above 125 mg/L for 2 to 14 days in 

threee patients. Although a decrease of the serum concentrations of 5-FC resolved the 

bone-marroww depression in three patients, the pancytopenic patient died as a result of 

bone-marroww aplasia.17 

SeveralSeveral other studies have pointed out the development of toxicity when 5-FC levels 

exceededd 100 mg/L.13,60,71 The largest study that examined 5-FC toxicity involved 194 

patients,, who had concomitant amphotericin B use.20 It was shown in this study that 

bone-marroww depression (granulocytopenia and/or thrombocytopenia) occurred in 12 

off 20 patients (60%) with 5-FC levels >100 mg/L as compared with 8 of 65 patients 

(12%)) with 5-FC levels <100 mg/L. Furthermore, they showed that bone-marrow 

depressionn became apparent in the first two weeks of therapy in 5 1 % of these cases 

andd during the first 4 weeks in 9 1 % of these cases.20 It has been shown that patients 

whoo have an underlying hematological disorder or who have undergone radiation 

treatmentt or myelosuppressive therapy, are more likely than therapy naive patients to 

developp bone-marrow depression from 5-FC.41 It was shown that when bone-marrow 

depressionn occurs it can be delayed in onset, progressive in nature, and severe for 

dayss after a dosage reduction.117 

Symptomaticc HIV-infected patients have been considered to be more intolerant to 5-FC 

ass compared to patients without AIDS by some investigators and high percentages of 

bone-marroww depression have been described among these patients.62 However, other 

studiess have shown adverse effects rates in HIV-infected patients that were comparable 

too those in non-AIDS patients.61123 

Mechanis mm of Toxicit y 
Thee mechanism of toxicity of the antimycotic drug 5-FC is still not fully understood. It is 

likelyy that some of the side effects caused by 5-FC, for example hepatotoxicity and 

bone-marroww depression, are dose-dependent, although not all reports in literature 

supportt this theory. Recommendations on dose adjustments of 5-FC and performing 

routinee measurements of 5-FC levels, liver enzymes and the number of white blood 

cellss in patients suffering from renal insufficiency and patients using nephrotoxic 

agentss are however necessary, taken into consideration the possibility of dose- or 

concentration-dependentt toxicity of 5-FC. Furthermore, it has been postulated in 

literaturee that conversion of 5-FC to certain metabolites, especially 5-FU, could be one 

off the mechanisms of development of 5-FC-associated toxicity. 
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Att first 5-FC-associcrted toxicity due to the antimetabolite 5-FU was rejected since 

metabolitess either were not detected in human urine or were detected only at very low 

concentrations.124,1255 Furthermore, it was believed that 5-FC is selectively toxic to fungi 

sincee mammalian cells are not able to convert (large amounts of) 5-FC to 5-FU.31,32 

However,, it has been shown in other studies that patients treated with 5-FC have 

detectablee amounts of 5-FU in their urine126,127 and serum.23 5-FU is known to cause 

bone-marroww depression such as leucocytopenia and thrombocytopenia and 

gastrointestinall complications as seen with 5-FC therapy.23 In addition, it was shown 

thatt the 5-FU levels found in patients treated with 5-FC were comparable to those in 

patientss treated with 5-FU.128 

Diasioo ef a/, found in the serum of 2 healthy volunteers during 6 hours after the oral 

administrationn of 2 g of 5-FC by a gas chromatographic-mass spectrophotometric 

technique,, that 5-FU levels ranged from 10 to 400 ng/mL23 They also measured 5-FU 

levelss in the serum samples from seven patients treated for cryptococcal meningitis 

withh amphotericin B and 5-FC, of whom 5 had experienced hematological or other 

toxicityy during 5-FC treatment. 5-FU levels ranged between 2 and 3,060 ng/mL and 

200 of the 41 samples showed 5-FU levels >1000 ng/mL, which is a 5-FU level that is 

inn the range of 5-FU cancer chemotherapeutic doses known to be associated with 

hematologicall toxicity. Moreover, it was found that the ratios of 5-FU concentration to 

5-FCC concentration varied from 0.11 to 3.45% and the ratios were greater than 1% in 

211 of the analyzed samples.23 

Harriss ef a/, examined the capacity of the human intestinal microflora to convert 5-FC 

too 5-FU using an in vitro semicontinuous culture system that mimicked the intestinal 

microflora.244 The culture system was dosed initially and after two weeks of chronic 

exposuree to 5-FC (50 mg 5-FC per day) with radiolabeled 5-FC. No detectable 

productionn of 5-FU was observed up to 8 hours after the acute dose. However, at 24 

hourss and at all time points thereafter, increasing levels of 5-FU were detected for 4 

days.. With the acute dose the 5-FU concentration after 4 days was 9.42 mg/L of 

culture,, whereas with the chronic dose the 5-FU concentration was 31.86 mg/L of 

culture.244 The authors concluded that enzyme(s) responsible for deamination of 5-FC 

too 5-FU by the intestinal microflora can be induced by chronic exposure to 5-FC and 

thatt this conversion may provide a mechanism by which 5-FC toxicity may occur. 

Somee microorganisms in the human intestinal microflora, such as E co/i, have been 

shownn to have high cytosine deaminase activity.24 Many of the patients receiving 5-FC 

therapyy have undergone previous antibiotic therapy and therefore may be subject to 

ann alteration of their intestinal microflora, which could affect the intestinal conversion 
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off 5-FC to 5-FU. They recommended that a proper, conjunctive antibiotic therapy 

couldd be used to decrease the activity of selected intestinal microflora, thereby 

decreasingg the conversion of 5-FC to 5-FU and thus 5-FC-associated toxicity.24 

Thee theory of conversion of 5-FC to 5-FU by the intestinal microflora was strengthened 

byy a study in which the relationship between the gut flora status and the in vivo 5-FC 

conversionn to 5-FU has been observed with the use of fluorine- 19-magnetic resonance 

spectroscopyy analysis (19F-NMR) of the urine of two patients treated with 5-FC and 

amphotericinn B.53 Although 5-FU itself was not detectable in urine samples, it was 

shownn that there was a direct relationship between 5-FU metabolites and the gut flora 

status.. The authors stated that the fact that 5-FU was not detectable in the urine of the 

patientss was due to the fast degradation process of 5-FU occurring primarily in the 

liverr and due to the intrinsic insensitivity of the used NMR method.53 

Besidess the possibility of conversion of 5-FC to 5-FU by the human intestinal 

microflora,, it has recently been shown that considerable amounts of 5-FU may be 

presentt in 5-FC intravenous solution due to both impurities in the raw material and the 

formationn from 5-FC upon sterilization and storage.129 Finally, the existence of several 

otherr metabolites of 5-FC in addition to 5-FU have been detected in body fluids, 

althoughh only in small quantities.53,130 The extent to which these metabolites contribute 

too toxicity is still unclear. 

Monitorin gg Toxicit y 
Althoughh in most 5-FC treated patients bone-marrow depression and hepatotoxicity 

seemm to be concentration-dependent, avoidable with careful monitoring of the 5-FC 

levell and reversible with discontinuation of the drug or reduction in dose, these 

findingss are general and not absolute. There have been reports in literature in which 

thesee adverse effects of 5-FC were idiosyncratic instead of dose-dependent and 

conversely,, not all patients with clearly elevated 5-FC levels develop toxicity.39 

However,, it is widely believed that during treatment of 5-FC careful attention to drug 

dosagee and 5-FC levels is important. Although doses of 5-FC up to 150 mg/kg/day 

aree applicable, these high doses are not necessary to treat serious infections, 

especiallyy since in most cases 5-FC is concomitantly administered with amphotericin 

B,, and lower doses of 75 to 100 mg/kg/day may be satisfactory.117 Measurement of 

serumm drug concentrations is necessary if high doses of 5-FC are being used or if 

prolongedd therapy with this antimycotic agent is required. Furthermore, dosage 
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reductionn and therapeutic drug monitoring (TDM) is required in patients experiencing 

renall dysfunction since 5-FC is mainly excreted renally. Therefore, special attention 

hass to be given to patients receiving 5-FC in combination with amphotericin B since 

thiss antimycotic is well known for causing nephrotoxicity, which will thus lead to a 

prolongationn of the serum half-life of 5-FC.'31,132 It has been postulated that serious 

bone-marroww toxicity may be minimized by close monitoring of 5-FC serum 

concentrations,, especially in patients with renal dysfunction, receiving nephrotoxic 

agentss (such as amphotericin B), or experiencing hematological or gastrointestinal 

toxicity.66 The potential role of nephrotoxic agents in the toxicity of 5-FC is 

strengthenedd by the observation that only little toxicity was demonstrated in studies in 

whichh 5-FC was administered as monotherapy in the treatment of 

chromoblastomycosis,, invasive candidiasis, cryptococcosis, and fungal 

endocarditis.39 9 

Currently,, TDM of 5-FC is routinely performed in many institutions to assure effective 

5-FCC levels in the individual patient, to avoid resistance and to avoid high 5-FC 

levelss in order to prevent serious dose-limiting toxicity. Usually, in patients treated 

intermittentlyy with 5-FC, target concentrations of 25-50 mg/L for trough levels and 

50-1000 mg/L for peak levels are considered adequate. In patients treated with 

continuouss 5-FC infusion, a serum level of 50 mg/L is pursued. 

PHARMACOKINETICSS AND DOSING 
Thee pharmacokinetics of 5-FC have been investigated and reviewed extensively.34,132 

5-FCC absorption is very rapid and almost complete: 76-89% absorption takes place 

afterr oral administration as compared to the intravenous route of administration.133 

However,, food, antacids, and renal insufficiency can delay absorption.39 In patients 

withh normal renal function, peak levels are obtained in serum and other body fluids 

withinn 1 to 2 hours.'31 5-FC has a good penetration into body tissues due to its low 

molecularr weight, its high water solubility, and its low binding to serum 

proteins.9,10132'1344 Penetration of 5-FC is excellent into most body sites, including 

cerebrospinal,, vitreous, and peritoneal fluids, and into inflamed joints.131'135*137 5-FC is 

principallyy eliminated by the kidneys and the plasma clearance of the drug is closely 

relatedd to the creatinine clearance.22,133134 5-FC is only minimally metabolized in the 

liver.. Renal elimination involves filtration at the glomeruli, but no tubular reabsorption 

orr secretion takes place. The half-life of 5-FC is approximately 3 to 4 hours in patients 
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withh normal renal function, but can be extended up to 85 hours in patients with severe 

renall insufficiency.39,133134 Renal insufficiency alters 5-FC pharmacokinetics since it 

resultss in a slower rate of absorption, a prolongation of the serum half-life, and a 

decreasedd clearance.132 The apparent volume of distribution of 5-FC approaches that 

off total body water and is not altered by renal failure. 5-FC is eliminated by 

hemodialysis,, hemofiltration, and peritoneal dialysis.138 However, it has been shown 

thatt 5-FC is more effectively removed by hemodialysis than by peritoneal dialysis.139 

Dosagee adjustments are required in patients with renal impairment and various 

recommendationss have been made in literature.132"134 Daneshmend and Warnock 

havee suggested the following guidelines for the administration of 5-FC to patients with 

renall insufficiency.132 In patients with a creatinine clearance >40 mL/minute, a 

standardd dose of 37.5 mg/kg every 6 hours should be used. If the creatinine 

clearancee is between 20 and 40 mL/minute, the recommended dose is 37.5 mg/kg 

everyy 12 hours. In patients with a creatinine clearance of <20 mL/minute, the dose of 

5-FCC should be 37.5 mg/kg once daily. Finally, if the creatinine clearance is <10 

mL/minute,, frequent determinations of 5-FC should be used at the guideline for the 

frequencyy of dosing. 

Liverr disease in laboratory animals does not significantly alter the pharmacokinetics 

off intravenously administered 5-FC, but in man the available information is very 

limited.140 0 

DRUGG INTERACTIONS 
Incompatibilityy of 5-FC with other drugs can be divided into certain categories, 

includingg antagonism or inadivation of the antimycotic effect of 5-FC, potentiation of 

thee side effects or the toxicity of 5-FC, interference with the absorption of 5-FC, or 

interferencee with the renal elimination of 5-FC. 

Thee antimycotic activity of 5-FC has been shown to be competitively inhibited by 

cytarabinee (cytosine arabinoside) if co-administered to patients.141,142 Inhibition may be 

duee to the fact that 5-FC is taken up by susceptible cells by means of the same 

transportt system.29 Therefore, therapy with cytarabine is considered to be a 

contraindicationn to the use of 5-FC. Although, a great deal of additional compounds 

aree able to antagonize the antifungal activity in vitro, no other agents than cytarabine 

aree clinically known to inactivate de antimycotic effect of 5-FC.34 
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Sincee the most harmful side effects of 5-FC (i.e. bone-marrow depression and 

hepatotoxicity),, as mentioned before, can be elicited by many other agents, it is 

necessaryy to be cautious when 5-FC has to be co-administered with drugs that could 

possiblyy enhance these side effects, such as immunosuppressive or cytostatic agents. 

Furthermore,, drugs that are known to be myelosuppressive, such as zidovudine, 

shouldd be used with caution in patients receiving 5-FC.143 However, there is no 

evidencee that synergism of bone-marrow depression or hepatotoxicity occurs when 

concomitantt administration of 5-FC with immunosuppressive or cytostatic agents is 

executed.132 2 

Concomitantt administration of aluminum hydroxide/magnesium hydroxide suspension 

hass been shown to delay the 5-FC absorption. However, this has only little effect on 

thee total bioavailability of this antimycotic drug.133 Furthermore, 5-FU absorption can 

bee highly decreased by the use of oral neomycine,'44 but there is no evidence that 

suggestss that it would have a similar effect on 5-FC.132 

Sincee 5-FC is predominately eliminated by the kidneys, drug interactions are likely to 

occurr if 5-FC is administered in combination with any drug that acts on the kidney 

function.. Due to the fact that glomerular filtration plays a crucial role in the 

eliminationn of 5-FC, drugs that impair this mechanism will evidently decrease the 

eliminationn of 5-FC and thus prolong the half-life of this antimycotic drug. Probably 

thee most important and most common drug interaction is the concomitant 

administrationn of 5-FC and amphotericin B. In the treatment of a number of systemic 

fungall infections 5-FC is combined with amphotericin B in order to enhance the 

antifungall activity of both.13,39 However, amphotericin is highly nephrotoxic and 

concomitantt use of 5-FC and amphotericin B will thus lead to an increase in 5-FC 

serumm concentrations and 5-FC half-life. 

CONCLUSION N 
5-FCC has been on the market as an antifungal agent since the early 1970s. Although 

monotherapyy with 5-FC is possible and applicable in the treatment of 

chromoblastomycosiss and uncomplicated lower urinary tract candidiasis and vaginal 

candidiasis,, it is most commonly used concomitantly with other antifungal drugs, 

especiallyy amphotericin B. Since resistance of fungi frequently occurs, the combination 

off 5-FC with amphotericin B or fluconazole has to be used in the treatment of severe 
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systemicc mycoses, such as cryptococcosis, candidiasis, chromoblastomycosis, and 

aspergillosis. . 

Besidess the fact that 5-FC can cause relatively unharmful side effects such as nausea, 

vomiting,, and diarrhea, there is also the possibility of more severe side effects 

includingg hepatotoxicity and bone-marrow depression. It has been postulated that 

conversionn of 5-FC by the intestinal microflora to certain metabolites, especially 5-FU, 

couldd be one of the mechanisms of development of 5-FC-associated toxicity. It has 

beenn shown in vitro that certain enzymes responsible for deamination of 5-FC to 5-FU 

byy the intestinal microflora can be induced by chronic exposure to 5-FC. This 

conversionn may provide a mechanism by which 5-FC toxicity is manifested. 

Furthermore,, is has been proposed that a proper, conjunctive antibiotic therapy could 

bee used to decrease the activity of selected intestinal microflora, thereby decreasing 

thee conversion of 5-FC to 5-FU and thus 5-FC-associated toxicity. 

Inn most patients, hepatotoxicity and bone-marrow depression appear to be 

concentration-dependent,, predictable, possibly avoidable with close monitoring of 5-FC 

levelss at <100 mg/L, and reversible with discontinuation of the drug or a reduction in 

dose.. In cases of prolonged therapy, when high doses of 5-FC are being used, and in 

patientss with renal dysfunction receiving 5-FC antifungal therapy, it is essential to 

measuree serum drug concentrations in order to prevent dangerous 5-FC levels. 

Especiallyy in the treatment of patients suffering from renal impairment caution has to be 

takenn and dosage adjustments are necessary. 

5-FCC is gaining renewed interest due to two new developments in its use. Firstly, clinical 

studiess are being conducted to evaluate the efficacy of 5-FC in combination with newer 

azolee antifungal agents such as ketoconazole, fluconazole, and itraconazole. Although 

somee results of these new combinations have been reported in literature, more and 

largee clinical trials are necessary. The second new development of 5-FC involves its 

importantt role in one of the new therapeutic approaches in the treatment of different 

typess of cancer, especially colorectal carcinoma. Conversion of 5-FC into 5-FU inside 

tumorss using the cytosine deaminase gene could probably lead to more efficient and 

locall 5-FU therapy at the tumor site and avoid the onset of systemic toxicity. Although 

thee current studies reported in literature were performed in animal models, it seems to 

bee one of the promising new approaches in strategic anticancer therapy. 
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