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ABSTRAC T T 

Background:Background: Evaluating and investigating efficacy and accuracy of an earlier derived 

relationshipp between thrombocyte nadir and mean creatinine clearance in order to 

makee it possible to predict flucytosine (5-FC)-related thrombocytopenia. 

Methods:Methods: The earlier derived relationship between thrombocyte nadir and mean 

creatininee clearance is validated by using a patient population of 35 intensive care unit 

(ICU)) patients. Patients have to meet the inclusion criteria as defined in the initial study 

(i.e.. developing thrombocytopenia during 5-FC treatment or remaining within the 

normall thrombocyte range; individual pharmacokinetic parameters within certain limits; 

aa minimum of three measured 5-FC serum levels). 

Results:Results: Out of a total of 35 patients, 11 are eligible since they meet the inclusion criteria 

ass defined in the initial study. A significant relationship between observed and predicted 

thrombocytee nadir values can be derived: Ypred = 0.608  Xobs + 24.330 (r = 0.615; 

t(obs)) = 2.337; t(table; p<0.05; 9) = 2.262). The predicted value of the thrombocyte nadir 

correspondss with a mean prediction error (bias) of -18.3 (95% CI = -45.9; 9.4) and a 

roott mean squared prediction error (precision) of 48.3 (95% CI = 23.9-63.9). 

Conclusion:Conclusion: The earlier derived relationship between thrombocyte nadir and mean 

creatininee clearance is accurate and precise. However, due to the strict inclusion 

criteriaa used to derive and validate this relationship, it cannot be applied on all 5-FC 

treatedd patients. 
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INTRODUCTION N 
Flucytosinee (5-fluorocytosine; 5-flucytosine; 5-FC; figure 1) is an antimycotic agent that 

wass first synthesized in 1957. Initially it was supposed to possess antitumor activity, but 

itt appeared to be ineffective for this purpose.1,2 It was discovered a few years later that 

5-FCC has antimycotic properties and at the end of the 60s 5-FC was used in humans 

forr the treatment of candidiasis and cryptococcosis.3'5 

Thee use of 5-FC as a single agent is limited to some individual cases of 

chromoblastomycosiss and uncomplicated candiduria, due to the development of resistance 

off many fungi to this antimycotic agent.6'7 Most frequently 5-FC is used concomitantly with 

otherr agents, mainly amphotericin B, for the treatment of systemic mycoses.8,9 

Fluorouracill (5-fluorouracil; 5-FU; figure 1) plays a key role in the antimycotic activity 

off 5-FC. 5-FC is taken up by mycotic cells by means of the enzyme cytosine 

permeasee and converted into 5-FU by the specific enzyme cytosine deaminase 

(Figuree 2).6,10'12 Two mechanisms can be distinguished by which 5-FU acts as an 

antifungall agent. The first mechanism involves the subsequent conversion of 5-FU 

throughh 5-fluorouridine monophosphate (FUMP) and 5-fluorouridine diphosphate 

(FUDP)) into 5-fluorouridine triphosphate (FUTP),13"15 which is incorporated into 

fungall RNA in place of uridylic acid that finally results in inhibition of the protein 

synthesis.14'155 The second mechanism is the conversion of 5-FU by the uridine 

monophosphatee pyrophosphorylase into 5-fluorodeoxyuridine monophosphate 

(FdUMP)) which inhibits thymidylate synthetase and consequently DNA biosynthesis 

(Figuree 2).11"13,15 

Therapeuticc drug monitoring (TDM) of 5-FC is routinely performed in many institutions 

forr three distinct reasons: to assure effective 5-FC levels in the individual patient, to avoid 

resistancee and to avoid high 5-FC levels in order to prevent serious dose-limiting toxicity, 

suchh as bone-marrow depression and hepatotoxicity. Several studies have pointed out 

thee development of toxicity when 5-FC levels exceed 100 mg/L9,16'20 Furthermore, 

developmentt of resistance most frequently occurs at drug levels below 25 mg/L.21 

Avoidancee of high 5-FC levels in order to prevent severe toxicity, such as bone-marrow 

depressionn and hepatotoxicity, assumes a relationship between toxicity and 5-FC serum 

levelss or pharmacokinetic parameters. Recently, we demonstrated in a population of 53 

intensivee care unit (ICU) patients that there is a relationship between thrombocyte nadir 

andd creatinine clearance (Clcr).16 The purpose of this study is to investigate and validate 

thee accuracy of the derived relationship within a new group of ICU patients who were 

treatedd for septic mycosis with a combination of intravenous 5-FC and amphotericin B. 
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SUBJECTSS AND METHODS 
Patien tt  Populatio n 
Thee study population consists of 5-FC treated ICU patients in the Academic Medical 

Centerr (Amsterdam, The Netherlands) between January 1, 1997 and January 1, 2000. 

Alll relevant clinical and epidemiological data were collected from the medical records of 

thee individual patients and from the automated hospital system, mostly on a daily basis. 

Thee inclusion criteria for patients were derived from the former study that was used to 

derivee the relationship between thrombocyte nadir and Clcr: ICU patients who develop 

thrombocytopeniaa during 5-FC treatment or who remain within the normal thrombocyte 

rangee and who's individual pharmacokinetic parameters are within certain limits (5-FC 

clearancee (CI5-FC): 0.43-5.86 L/h; volume of distribution (Vd): 16.93-121.05 L; volume 

off distribution, normalized to body weight (Vdbw): 0.242-1.742 L/kg, and area-under-

the-curvee (AUC): 634-4397 mgh/L).16 Furthermore, a minimum of three 5-FC serum 

levelss had to be available in order to be included in the study.16 

AA total of 35 patients received treatment with 5-FC during the investigated time frame 

andd had at least three serum 5-FC levels during their treatment. All patients received 

amphotericinn B as well in a dosage of 0.3-0.7 mg/kg once a day in a 6-hour infusion. 

Serumm Level Monitorin g 
Bloodd for peak serum concentrations was collected half an hour after completion of 

thee intermittent intravenous infusion. Trough levels were sampled half an hour before 

startingg a new infusion. In case of continuous infusion, blood samples were taken at 

aa standard time in the morning (6.00 am; starting on day 2 of treatment). Target 

concentrationss were 25-50 mg/L for trough levels and 50-100 mg/L for peak levels, 

whereass in patients on continuous infusion, a serum level of 50 mg/L was pursued. 

5-FCC levels were measured using a slightly modified HPLC technique with UV 

detectionn as described by Miners et a/.22 

Inn analogy with the initial study, only patients with a minimum of three serum 5-FC levels 

duringg 5-FC treatment were included. Dose adjustments were made by Bayesian 

estimationn using the computer program MVAPHARM (MW\PHARM, version 3.15A, 

Medi\Ware,, Groningen, The Netherlands)23 with an one-compartment model with 

renall excretion.24 
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Toxicit y y 
Inn analogy with the initial study, bone-marrow toxicity was evaluated by means of the 

thrombocytee counts, expressed as the nadir (the lowest number of thrombocytes; normal 

range:: 100-350109 thrombocytes/L; thrombocytopenia: <100-109thrombocytes/L). The 

numberr of leucocytes was not used to evaluate bone-marrow depression since leucocyte 

countss were excluded from analysis in the initial study. This resulted from the fact that the 

vastt majority of patients developed a leucocytosis during 5-FC treatment, most probably 

ass a result of their complex disease state. 

Figur ee 1 . Chemical structures of 

flucytosinee (A) and 5-fluorouracil (B). 

5 . F C ^ ^ ^ 5-FC C 
cytosine e 

deaminase e 

FUMP P FUDP P 
incorporationn inhibition 

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

5-FU U 

FdUMP P inhibitionn of 
thymidylatee synthetase 

membrane e 

inhibition n 
" *  of DNA 

synthesis s 

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. . 
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Relationship s s 
Inn the initial study two relationships were derived from the data of the patients who 

developp a thrombocytopenia during 5-FC treatment or who remain within the normal 

thrombocytee range. Firstly, a relationship between Clcr and CI5-FC was derived and 

secondlyy a relationship between CI5-FC and thrombocyte nadir was shown. This resulted 

inn a third relationship between Clcr and thrombocyte nadir:16 

,, , ^ 0.35-(C/cr +0.05) 
thrombocytethrombocyte nadir = —  -

77 0.012 

Thiss relationship was used to predict thrombocyte nadir on basis of the mean Clcr during 

5-FCC treatment in this validation study. 

Statistica ll  Analysi s 
Thee predictive performance of the derived relationship was evaluated by using the 

Student'ss t-test for correlation: 

r>/r7^ 2 2 

VT7 7 

wheree N = number of patients, t = t-fador for N - 2 degrees of freedom, and r = 

coefficientt of correlation. 
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Furthermore,, mean prediction error (me; bias) and root mean squared prediction 

errorr (rmse; precision) as described by Sheiner and Beal were calculated in order to 

evaluatee the magnitude of the systemic error and the precision:25 

predictionprediction error (pe,) = (predicted value i -measured value i) 

11 N 
meanmean prediction error (me) = — XP e< 

11 N 

meanmean squared prediction error (mse) = — ^ ( p e ; )
2 

rooff mean squared prediction error (rmse) = yjmse 

se„„ = Nm^'-Nm^'- Xf Xf 

95%% a (me) = X - t09n(NA)sex < X, < X + f0975(N^se. 

wheree N = pairs of values, X, - pe;, X = mean of all values Xj, t = t-factor for N = 1 

degreess of freedom, X, = true value of X, and 95% CI = 95% confidence interval. 

Calculatingg the 95% CI of the rmse is obtained by calculating 95% CI of the mse (X̂  = 

(pe;)2)) and extracting the square root. 
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RESULTS S 
Thrombocyte s s 
Sixx of the 35 patients (17.1%) developed a thrombocytopenia during 5-FC treatment, 

99 patients (25.7%) remained within the normal thrombocyte range during the period 

off 5-FC treatment and 6 patients (17.1%) developed a thrombocytosis during 5-FC 

therapy.. At the start of the therapy 10 patients (28.6%) presented a thrombocytopenia 

andd 4 patients (11.4%) presented a thrombocytosis (Table 1). The 15 patients who 

developedd thrombocytopenia during 5-FC treatment or who remained within the 

normall thrombocyte range were used for the further analysis. 

Twoo patients out of these 15 were excluded from further analysis since their 

pharmacokineticc parameters were outside of the maximally tolerated ranges as defined 

inn the initial study. Furthermore, two patients had to be excluded from this group since 

theirr serum creatinine values (28 and 42 / JM, respectively) were below the physiologically 

acceptablee lower limit. The remaining 11 eligible ICU patients (Table 2) had a mean 

durationn of treatment of 14.8 days (standard deviation (SD) = 9.7 days; range = 5 .1-

33.44 days). All of these patients received 5-FC for treatment of a systemic Candida 

infectionn (Table 3) and they received 5-FC either by continuous infusion (9 patients; 

81.8%)) or by both continuous as well as intermittent infusion (2 patients; 18.2%). 

AA total of 92 serum concentrations were obtained in these 11 eligible patients 

(meann = 8.4 levels per patient; SD = 5.0 levels per patient; range = 3-21 levels 

perr patient). 

Tabl ee 1 . Summary of the thrombocyte status of the 5-FC treated ICU patients. 

Thrombocytee status 

Thrombocytopenia a 

Normall thrombocyte range 

Thrombocytosis s 
Thrombocytopeniaa before treatment 

Thrombocytosiss before treatment 

No o off patients (%) 

6(17.1) ) 
99 (25.7) 
6(17.1) ) 

10(28.6) ) 

4(11.4) ) 
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Tabl ee 2. Demographic and clinical data of the 11 5-FC treated ICU patients used in the final evaluation. 

Meann  SD Range 

No.. of patients 11 

Genderr (M/F) 7 / 4 

Agee (years) 67.0  7.0 56-75 

Weightt (kg) 84.45  17.63 60-114 

Heightt (cm) 172.09 0 158-185 

BSA(m2)) 1.99 0 1.71-2.30 

Crserumm (^vt) 137  79 65-272 

Clcrr (L/h) 3.05  1.82 1.01 -6.24 

CI5-FCC (L/h) 1.58  0.78 0.74-3.53 

Vd(L)) 48.14 8 32.59-61.32 

Vdbw(LAg)) 0.580 1 0.418-0.712 

AUCC (mgh/L) 1649 2 909-2513 

5-FCmaxx (mg/L) 112.9 3 61.00-210.22 

T5-FCmaxx (days) 4.92  2.62 2.37-9.74 

Typee of infusion (C/l/B) 9 / 0 / 2 

No.. of 5-FC levels 8.4  5.0 3-21 

DD/Clcrr (mg/kg/mL/min) 0.839  0.694 0.241-2.420 

Abbreviations:: BSA, body surface area; Crserum, mean serum creatinine level; CI5-FC, 5-FC clearance; 
Vd,, volume of distribution; Vdbw, volume of distribution, normalized to body weight; AUC, area-under-
the-curve;; 5-FCmax, maximum 5-FC level during therapy; T5-FCmax, time after start of 5-FC treatment 
thatt the highest 5-FC level occurred; C, continuous infusion; I, intermittent infusion; B, continuous and 
intermittentt infusion; DD/Clcr, mean daily dose (normalized to body weight) per creatinine clearance. 

Tabl ee 3. Cultured species in the 11 5-FC treated ICU patients used in the final evaluation. 

Culturedd species Number of patients (%) 

CandidaCandida albicans 4 (36.4) 

CandidaCandida glabrata 3 (27.3) 

CandidaCandida tropicalis ) 

CandidaCandida krusei ) 
CandidaCandida guilliermondi 1 (9.1) 

CandidaCandida albicans + Candida glabrata 1 (9.1) 



132 2 Chapterr VI 

Relationship s s 
Usingg the relationship between Clcr and thrombocyte nadir as derived in the initial study 

predictedd thrombocyte nadir values were calculated for the 11 eligible patients and 

comparedd to the observed thrombocyte nadir values. The relationship between observed 

(Xobs)) and predicted (Yobs) values of the thrombocyte nadir is shown in figure 3 and this 

relationshipp can be described by (r = 0.615): 

YpredYpred = 0.608  Xobs + 24.330 

Thee t-value that can be calculated from this result is 2.337, and the t-value 

correspondingg with a p-level<0.05 and 9 degrees of freedom is 2.262, which means 

thatt there is a significant relationship between observed and predicted values of the 

thrombocytee nadir. The mean prediction error (bias) corresponding with the predicted 

thrombocytee nadir is -18.3 (95% CI = -45.9; 9.4), whereas the root mean squared 

predictionn error (precision) is 48.3 (95% CI = 23.9-63.9). 

2000 i 

3-- 150 

O O 

100 100 

50 0 

Figur ee 3. Predicted versus 

observedd values of the 

thrombocytee nadir. 

500 100 150 200 

Observedd (109/L) 
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DISCUSSION N 
Treatmentt with the antimycotic agent 5-FC is associated with severe side effects such 

ass hepatotoxicity and bone-marrow depression.9,16"20 In order to avoid these dose-

limitingg toxicities, TDM of 5-FC is routinely performed in many institutions. Recently, we 

demonstratedd a relationship between thrombocyte nadir and creatinine clearance, 

whichh makes it possible to predict 5-FC-related thrombocytopenia.16 However, this 

relationshipp was derived retrospectively and its accuracy has to be investigated and 

validated. . 

Inn this validation study 11 eligible ICU patients met the inclusion criteria as defined in 

thee initial study out of a total group of 35 ICU patients. Using these patients, a 

significantt relationship between observed and predicted thrombocyte nadir values 

couldd be shown. The predictive performance of the relationship between creatinine 

clearancee and thrombocyte nadir is good since it combines a small systemic error, as 

measuredd by the bias, with an acceptable precision. 

AA shortcoming of the derived and validated relationship between thrombocyte nadir 

andd creatinine clearance is the fact that it has been derived by using patients who 

developp thrombocytopenia during 5-FC treatment or who's thrombocyte counts 

remainn within the normal range. The derived relationship is not applicable on patients 

whoo suffer from thrombocytopenia or thrombocytosis prior to 5-FC treatment. 

Furthermore,, patients who develop thrombocytosis during 5-FC treatment were not 

usedd to derive or validate this relationship. However, it is not possible to predict the 

occurrencee of this event prior to 5-FC treatment in case a patient's thrombocyte count 

iss within the normal thrombocyte range at the start of 5-FC treatment. 

Inn conclusion, it was found that the earlier derived relationship between creatinine 

clearancee and thrombocyte nadir makes an easy and accurate prediction of 5-FC-

relatedd thrombocytopenia. This relationship can be used in order to quickly establish 

ann indication about the risk of 5-FC-induced thrombocytopenia in patients treated with 

thiss antimycotic agent. 
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