
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


XI! ! 
Summary y 



188 8 Chapterr XI 

SUMMARY Y 
Inn Chapter I the pharmacology, clinical indications, pharmacokinetics, toxicity, and 

drugg interactions of the antifungal agent flucytosine (5-FC) are reviewed. 

Flucytosinee is a synthetic antifungal compound having no intrinsic antifungal activity. In 

orderr to become active, 5-FC has to be taken up by susceptible fungal cells and 

convertedd into 5-fluorouracil (5-FU). Further conversion of 5-FU leads to metabolites 

thatt inhibit RNA and DNA synthesis of the fungal cells. 

Inn combination with amphotericin B, 5-FC is used in the treatment of severe systemic 

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

Neww developments in the use of 5-FC consist of combinations with newer azole 

antifungall agents. In addition, 5-FC plays an important role in one of the new 

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

colorectall carcinoma. 

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

mostt patients, hepatotoxicity and bone-marrow depression are concentration-

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

att <100 mg/L, and reversible with drug discontinuation or reduction of dose. 5-FC is 

excretedd mainly by the kidneys and under circumstances of renal dysfunction dose 

adjustmentss have to be implemented. Due to the crucial role of glomerular filtration in 

5-FCC elimination, combination of 5-FC with drugs impairing glomerular filtration will 

decreasee the elimination of 5-FC and thus prolong the half-life of this antifungal drug. 

Inn Chapters II to IX of this thesis several aspects of the pharmacokinetics and toxicity 

off 5-FC are studied and reported. 

Thee antineoplastic agent 5-FU has been found to play a key role in the antifungal 

activityy of 5-FC. In addition, 5-FU might also be important with regard to the 

developmentt of 5-FC-related toxicity. The validated, sensitive and precise high-

performancee liquid chromatography (HPLC) method, described in Chapter I I , is the 

necessaryy tool in order to measure simultaneously the amounts of 5-FC and 5-FU. In 

thiss assay, two compounds, 5-methylcytosine (5-MC) and 5-chlorouracil (5-CU), are 

usedd as internal standards for the determination of 5-FC and 5-FU, respectively. 

Plasmaa samples were deproteinized with trichloroacetic acid, chromatographed on an 

odylsilicaa column and the levels of 5-FC and 5-FU were measured using 

spectrophotometricc diode array detection. 5-FC, 5-FU, 5-MC and 5-CU were found to 
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havee retention times of 4.8, 5.8, 7.7 and 11.0 minutes, respectively and the limits of 

quantitationn were shown to be 0.3 mg/L for 5-FC and 0.05 mg/L for 5-FU. 

Assessmentt of the population pharmacokinetic parameters of 5-FC and subsequent 

elucidationn of the predictive performances of the derived pharmacokinetic parameters 

usingg three methods of analysis and two comparable groups of 5-FC treated intensive 

caree unit (ICU) patients is described in Chapters III and IV, respectively. 

Inn Chapter I I I , epidemiological and clinical data of 53 ICU patients treated with 5-FC 

weree used in order to estimate the pharmacokinetic parameters of 3 different 

pharmacokineticc models using both parametric (Standard-Two-Stage (STS) and 

Nonlinearr Mixed Effects Model (NONMEM)) as well as nonparametric (NonParametric 

Expectationn Maximization; NPEM) methods. In this study both NONMEM and NPEM 

revealedd that a two-compartment model with renal elimination is the best predictor of 

5-FCC levels, whereas STS analysis showed that an one-compartment model with renal 

eliminationn best predicts levels of this drug. 

Inn Chapter IV the predictive performances of the pharmacokinetic models derived 

fromm data in Chapter III are assessed using the clinical data from 35 ICU patients. 

Thiss validation study showed that the best results were obtained using a two-

compartmentt model with renal elimination as derived by NONMEM or a two-

compartmentt NONMEM covariate model. Furthermore, NONMEM appeared to be 

thee most suitable method for assessment of 5-FC population pharmacokinetic 

parameterss in ICU patients as the models derived from this method offered more 

reliablee and accurate results than the models derived from NPEM or the STS method. 

Inn Chapter V the possible relationship between 5-FC pharmacokinetic parameters 

andd 5-FC-related toxicity was explored within a group of 53 ICU patients. The results 

showedd that thrombocytopenia is associated with a decreased 5-FC clearance and 

thatt the thrombocyte nadir was linear related to 5-FC clearance. Furthermore, it was 

foundd that thrombocyte nadir and mean creatinine clearance were associated. 

Thee efficacy and accuracy of this relationship in order to predict 5-FC-related 

thrombocytopeniaa was investigated in Chapter VI . The results in this chapter showed 

aa significant relationship between observed and predicted thrombocyte nadir values in 
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aa population of 35 5-FC treated ICU patients using the relationship derived from the 

resultss reported in Chapter V. We concluded that the relationship is valid for 

assessmentt of the risk of 5-FC-induced thrombocytopenia in 5-FC treated ICU 

patients.. Since strict inclusion criteria were used, this relationship may however not be 

validd for non-ICU patients suffering from either thrombocytosis or thrombocytopenia 

priorr to 5-FC treatment. 

Inn Chapter VI I the results from an accelerated stability study of 5-FC in intravenous 

injectionn fluid is reported. 5-FU may be present in the formulation, due to both 

impuritiess in the raw material as well as to the formation from 5-FC upon sterilization 

andd storage. However, our results clearly showed that 5-FC is very stable in 

intravenouss solution at regular storing temperatures. 

Thee active conversion of 5-FC to 5-FU by means of the enzyme cytosine deaminase 

(CD)) is dealt with in Chapters VII I and IX. 

Chapterr VIM describes the results of in vitro experiments using both Escherichia 

colicoli as well as human fecal samples from hematological patients having selective 

bowell decontamination (SBD). These experiments were performed in order to 

investigatee the active rate of conversion of 5-FC to 5-FU by the intestinal microflora. 

Itt was concluded from the result of these experiments that extensive 5-FC conversion 

occurss by microorganisms present 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. It was hypothesized that if the anaerobic part of 

thee microflora is not involved in the 5-FC conversion, oral 5-FC treatment of SBD 

patientss may result in less 5-FC-induced toxicity. 

Inn all serum samples taken from blood of ICU patients treated with intravenous 5-FC 

measurablee 5-FU serum concentrations (<0.05 mg/L) were absent, whereas 5-FC 

wass present (Chapter IX). These results show that the conversion of 5-FU from 

intravenouslyy given 5-FC is slight. Additionally, low levels of the 5-FU catabolite 

a-fluoro-^-alaninee (FBAL) were found in some of the investigated serum samples 

usingg a highly sensitive HPLC assay with fluorescence detection, indicating that these 

patientss had been exposed to small amounts of 5-FU. These findings make it unlikely 

thatt 5-FC-related bone-marrow depression in patients treated with intravenous 5-FC 

iss a result of exposure to 5-FU. A possible explanation for these results is the fact that 
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alll of our patients received 5-FC intravenously instead of orally, a situation not 

allowingg conversion of 5-FC to 5-FU by the human intestinal microflora. 

Thee General Discussion (Chapter X) outlines the conclusions that can be drawn 

fromm the results described in the different studies presented in this thesis. 

Inn our population of 5-FC treated ICU patients pharmacokinetic analysis of 5-FC is 

bestt performed by parametric analysis with a two-compartment model, although 

differentt patient populations may require different models. 

Despitee strict therapeutic drug monitoring (TDM) of 5-FC, bone-marrow depression 

andd hepatotoxicity still occur in ICU patients and thus TDM remains a necessary tool in 

orderr to predict 5-FC levels and to allow appropriate dosage adjustments. In addition, 

inn case of certain subpopulations of patients, 5-FC-related thrombocytopenia can be 

predictedd by mean creatinine clearance. 

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. 




