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GENERALL DISCUSSION 
Deep-seatedd fungal infections are characterized by the presence of highly virulent 

fungii that are capable of spreading throughout the body and that can invade deeply 

intoo tissues of various organs. The number of patients suffering from such severe and 

oftenn fatal fungal infections has increased during the past few decades.1 

Theree are several reasons by which the prevalence of invasive fungal infections has 

beenn increased. The susceptibility for certain fungal infections is enhanced as a result 

fromm rapid advances in modern medicine. Therefore the life-time of patients with 

variouss severe diseases is substantially prolonged and the number of 

immunocompromisedd patients who are at high risk for developing various fungal 

infections,, is considerably increased.2 

Thee available antifungal agents for treatment of invasive fungal infections are restricted 

too 5 major drugs: amphotericin B, flucytosine (5-FC), ketoconazole, fluconazole, and 

itraconazole.. Introduced in 1952, amphotericin B was the first agent that was used for 

treatmentt of invasive fungal infections.3,4 However, the tolerance of therapy with 

amphotericinn B has been limited by the drug's acute and chronic types of toxicity and 

thee need emerged for more effective and less toxic alternatives.3,4 One of these 

alternativess was thought to be 5-FC, synthesized in 1957 and used in humans for 

treatmentt of candidiasis and cryptococcosis at the end of the 1960s.5"7 In addition, in 

thee late 1980s and early 1990s a new class of antifungal agents, the azoles, was 

introduced,, including fluconazole, itraconazole and ketoconazole.1,3 Furthermore, lipid 

formulationss of amphotericin B that show reduced toxicity and allow larger doses of 

amphotericinn B to be administered have become available in the last decade.8 Besides 

thee wide use of 5-FC as treatment of invasive fungal infections, 5-FC was recently 

recommendedd as a possible drug for a new approach in the treatment of colon cancer. 

Althoughh 5-FC possesses good therapeutic potential for the treatment of invasive fungal 

infections,, especially in combination with other antifungal agents such as amphotericin 

B,, it is also capable of causing serious dose-limiting toxicity including bone-marrow 

depressionn and hepatotoxicity. The risk of 5-FC-related toxicity is one of the reasons that 

therapeuticc drug monitoring (TDM) of 5-FC is routinely performed in many hospitals. 

Althoughh TDM of 5-FC is routinely performed the most suitable pharmacokinetic 

modell to assess 5-FC pharmacokinetic parameters and predict 5-FC-related toxicity 

wass not available. As a consequence, different pharmacokinetic models were used in 

thee process of TDM9,10 and nomograms as well as Bayesian estimation were being 
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appliedd for 5-FC dose adjustment in patients who are at risk of developing serious 

sidee effects (i.e. patients with renal dysfunction, patients receiving nephrotoxic agents, 

orr patients experiencing hematological or gastrointestinal toxicity).11'12 

Thee available models to assess the pharmacokinetics of 5-FC were compared in a 

retrospectivee study (Chapters II I and IV). Besides comparing several 

pharmacokineticc models of 5-FC, different methods of population pharmacokinetics 

aree compared by analyzing the available 5-FC data with both parametric (Standard-

Two-Stagee (STS) and Nonlinear Mixed Effects Model (NONMEM)) as well as 

nonparametricc (NonParametric Expectation Maximization; NPEM) methods. 

Pharmacokineticc analysis of the epidemiological and clinical data of 53 5-FC treated 

intensivee care unit (ICU) patients in Chapter III showed that the population 

pharmacokineticc parameters of 5-FC are best obtained by a NONMEM predicted two-

compartmentt model with renal elimination. However, implementation of the derived 

modelss on an independent validation group of 5-FC treated ICU patients was 

necessaryy to investigate and confirm this hypothesis. 

Afterr performing this validation study using 35 5-FC treated ICU patients (Chapter IV) it 

wass concluded that a two-compartment model with renal elimination derived by 

NONMEMM or a two-compartment NONMEM covariate model are most suitable for 5-FC 

populationn pharmacokinetic analysis. Furthermore, NONMEM appeared to be the most 

suitablee method for assessment of 5-FC population pharmacokinetic parameters using 

ICUU patients as the models derived with this method offered more reliable and accurate 

resultss as compared to the models derived with NPEM or the STS method. 

Thee mechanism behind the toxicity of 5-FC has not been fully elucidated although it 

hass been postulated that conversion of 5-FC to certain metabolites, especially the 

primaryy metabolite 5-fluorouracil (5-FU), could be one of the responsible 

mechanisms.. Furthermore, although the occurrence of 5-FC-related toxicity is well 

known,, there is relatively little knowledge whether there are certain relationships 

betweenn 5-FC pharmacokinetic parameters and 5-FC-related toxicity. A retrospective 

studyy was initiated in order to explore the possibility of predicting 5-FC-related toxicity 

byy using 5-FC pharmacokinetic parameters (Chapters V and VI). 

Initially,, using the data of a population of 53 5-FC treated ICU patients it was found 

thatt thrombocytopenia is associated with a decreased 5-FC clearance (Chapter V). 

Furthermore,, it was shown using these patients that the lowest thrombocyte level 
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duringg 5-FC therapy, the thrombocyte nadir, is linear related to 5-FC clearance. From 

thesee results, a relationship between thrombocyte nadir and mean creatinine 

clearancee was obtained. However, a comparative study was needed to obtain indefinite 

prooff of the derived relationships. 

Thee validation was performed using a second group of comparable 5-FC treated ICU 

patientss and in this study a comparison was made between the observed thrombocyte 

nadirr as opposed to the thrombocyte nadir that can be predicted by the derived 

relationshipp using mean creatinine clearance (Chapter VI). This validation study 

revealedd a significant relationship between observed and predicted thrombocyte nadir 

values,, confirming the findings of the initial study. Thus the derived relationship is valid 

forr rapid assessment of the risk of 5-FC-induced thrombocytopenia in 5-FC treated 

patients.. However, due to the strict inclusion criteria used to derive and validate this 

relationship,, it cannot be applied to non-ICU patients suffering from thrombocytosis or 

thrombocytopeniaa prior to 5-FC treatment. 

Followingg the evaluation of 5-FC pharmacokinetic parameters and 5-FC-induced 

toxicity,, the possible relationship between 5-FC-related toxicity and the presence of its 

primaryy metabolite 5-FU was explored in Chapters V I I to IX. 

Conversionn of 5-FC to 5-FU is a crucial step in the mechanism of action of 5-FC and 

thiss conversion is performed by the enzyme cytosine deaminase (CD). However, it is 

nott unlikely that this conversion, that can occur both passively as well as actively, also 

playss an important role with regard to 5-FC-related bone-marrow depression and 

hepatotoxicity. . 

Thee passive conversion of 5-FC to 5-FU was investigated using an accelerated stability 

studyy of 5-FC in intravenous injection fluid, the widely used commercially available 

pharmaceuticall formulation of 5-FC (Chapter VII). 5-FC was found to be very stable in 

intravenouss solution at regular storing temperatures and can therefore be stored at 

ambientt temperatures for several years before critical levels of 95% 5-FC or less are 

reached.. However, the cytostatic degradation product 5-FU may be present in the 

formulation,, due to both impurities in the raw material and the formation from 5-FC upon 

sterilizationn and storage. Therefore, the contribution of these two factors in the amount of 

5-FUU present in the intravenous formulation of 5-FC has to be taken into account. 

Thee active conversion of 5-FC to 5-FU by the enzyme CD is explored in in vitro 

experimentss with Escherichia co// and human fecal samples (Chapter VIII) as well as 

usingg 5-FC serum samples obtained from 5-FC treated ICU patients (Chapter IX). In 

orderr to be able to investigate the active conversion of 5-FC to 5-FU and to measure 
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5-FCC and 5-FU levels simultaneously, a validated, sensitive and precise high-

performancee liquid chromatography (HPLC) method was developed (Chapter II). This 

assayy is capable of measuring both 5-FC and 5-FU at very low levels (limits of 

quantitation:: 0.3 mg/L and 0.05 mg/L for 5-FC and 5-FU, respectively) by using two 

compounds,, 5-methylcytosine (5-MC) and 5-chlorouracil (5-CU), as internal 

standards.. Using this assay 5-FC, 5-FU, 5-MC and 5-CU were found to have retention 

timess of 4.8, 5.8, 7.7 and 11.0 minutes, respectively. 

Thee results of the in vitro experiments using both E. colt as well as human fecal samples 

fromm hematological patients having selective bowel decontamination (SBD) is described 

inn Chapter VI I I . This chapter investigates the active rate of conversion of 5-FC to 5-FU 

byy the intestinal microflora. These in vitro experiments showed that extensive 5-FC 

conversionn occurs by microorganisms in the human intestinal microflora. Consequently, 

highh 5-FU levels may occur putting the 5-FC treated patient at increased risk for 

developingg 5-FC-related toxicity. Furthermore, in case the anaerobic part of the 

microfloraa is not involved in the 5-FC conversion, oral 5-FC treatment of SBD patients 

mayy result in less 5-FC-induced toxicity. 

Finally,, non-detectable 5-FU serum concentrations (<0.05 mg/L) were found in 

serumm samples taken from a set of ICU patients treated with intravenous 5-FC, 

whereass 5-FC was measured in all of the serum samples (Chapter IX). In addition, 

usingg a highly sensitive HPLC assay with fluorescence detection low levels of one of 

thee major 5-FU catabolites, namely a-fluoro-^-alanine (FBAL), was found in some of 

thee investigated serum samples, indicating that these patients had been exposed to 

smalll amounts of 5-FU. As a consequence, it is unlikely that 5-FC-related bone-

marroww depression in patients treated with intravenous 5-FC is a result of exposure 

too 5-FU. These findings might be explained by the fact that all of our patients 

receivedd 5-FC intravenously instead of orally, a situation not allowing conversion of 

5-FCC to 5-FU by the human intestinal microflora. 

Inn conclusion, it can be stated that in our population of 5-FC treated ICU patients 

pharmacokineticc analysis of 5-FC is best performed by parametric analysis with a two-

compartmentt model, although different populations may call for different models. 

Despitee of strict TDM of 5-FC, bone-marrow depression and hepatotoxicity still occur 

inn ICU patients and thus TDM remains a necessary tool in order to predict 5-FC levels 

andd to allow appropriate dosage adjustments. In addition, in case of certain 

subpopulationss of ICU patients, 5-FC-related thrombocytopenia can be predicted by 

meann creatinine clearance. 
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Bothh passive as well as active conversion of 5-FC to 5-FU can occur and both play a 

rolee in 5-FC-related toxicity. The passive conversion of 5-FC is slow but has to be 

takenn into account. On the other hand, the active conversion of 5-FC to 5-FU in the 

gastrointestinall tract by microorganisms containing the enzyme CD justifies that 

intravenouss 5-FC administration is to be preferred over oral 5-FC therapy. 
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