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ABSTRAC T T 

Flucytosinee (5-fluorocytosine; 5-FC) is a systemic antimycotic drug which major 

toxicitiess are bone-marrow depression and hepatotoxicity. 

Thee purpose of this observational and retrospective study is to assess a possible 

relationshipp between toxicity and 5-FC pharmacokinetics within a group of 53 

intensivee care unit (ICU) patients. 

Thee presented results reveal that thrombocytopenia is associated with a decreased 5-FC 

clearancee and that the thrombocyte nadir is linear related to the 5-FC clearance. 

Furthermore,, patients experiencing 5-FC levels exceeding 100 mg 5-FC/L were found to 

bee at higher risk for developing thrombocytopenia and hepatotoxicity as compared to 

thosee not exceeding this level. 
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INTRODUCTION N 
Flucytosinee (5-fluorocytosine; 5-FC) is a systemic antimycotic drug which is active 

againstt mycotic infections caused by Candida species and Crypfococcus neoformans 

ass well as in chromoblastomycosis.1 Binding of 5-FC to serum proteins is negligible,2 

andd this characteristic, together with a low molecular weight, may help to explain the 

drug'ss excellent penetration into body tissues.3 

Fluorouracill (5-fluorouracil; 5-FU) plays a key role in the antimycotic activity of 5-FC. 

5-FCC is taken up by mycotic cells and converted into 5-FU by the specific enzyme 

cytosinee deaminase.1,3'5 5-FU in its turn is converted to 5-fiuorodeoxyuridylic acid 

monophosphate,, a noncompetitive inhibitor of thymidylate synthetase, which results in 

perturbationn of the RNA and DNA synthesis of the mycotic cells.1'3,4 

Besidess its good antimycotic effect, 5-FC can also cause severe toxicity.1'6"15 Nausea, 

vomiting,, diarrhea and exanthema have been recognized as relatively unharmful side 

effectss of 5-FC.1 The dose-limiting toxicities of 5-FC are bone-marrow depression and 

hepatotoxicity.6'155 Therapeutic drug monitoring (TDM) of 5-FC is routinely performed in 

manyy institutions for two distinct reasons. Firstly, TDM of 5-FC is aimed to assure 

effectivee 5-FC levels in the individual patient. Secondly, an aim of TDM is to avoid 

highh 5-FC levels in order to prevent toxicity, such as bone-marrow depression and 

hepatotoxicity.. This latter reason assumes a relationship between toxicity and 5-FC 

serumm levels or pharmacokinetic parameters. However, concentration-dependent 

toxicityy has not yet been proven. 

Thee purpose of this observational and retrospective study is to assess the 

relationshipp between bone-marrow- and hepatotoxicity of 5-FC and its 

pharmacokineticc parameters within a group of 53 intensive care unit (ICU) patients 

whoo had been treated for septic mycosis with a combination of intravenous 5-FC 

andd amphotericin B. 

SUBJECTSS AND METHODS 
Thee population of this retrospective study consists of 5-FC treated ICU patients in our 

hospitall in the period 1994-1996. Information on thrombocyte and leucocyte counts 

andd liver enzyme activities was collected from the medical records of the individual 

patients.. Patients with a minimum of three serum 5-FC levels during 5-FC treatment 

weree included. In almost all cases, thrombocyte and leucocyte counts and liver enzyme 

activitiess were collected on a daily basis. 5-FC levels were measured using a slightly 
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modifiedd HPLC technique with UV detection as described by Miners et a/.16 

Adjustmentss in 5-FC dose were made on basis of the creatinine clearance and doses 

weree lowered in case 5-FC levels were too high. 

Thee investigated 53 ICU patients had a mean duration of treatment of 11.3 days 

(standardd deviation (SD) = 4.7 days and range = 3-29 days). The great majority of 

patientss (49 patients; 92.5%) received 5-FC for treatment of a systemic Candida 

infection.. The investigated patients received 5-FC either by continuous infusion (23 

patients;; 43.4%) or by intermittent infusion (26 patients; 49.1%). Four patients (7.5%) 

receivedd both continuous as well as intermittent 5-FC infusion during their treatment. 

Alll patients received amphotericin B as well in a dosage of 0.3-0.7 mg/kg once a day 

inn a 6-hour infusion. 

Bone-marroww toxicity was evaluated by means of thrombocyte and leucocyte counts, 

expressedd both as the nadir (the lowest number of thrombocytes or leucocytes) and as 

thee relative decrease (the ratio of the lowest number of thrombocytes or leucocytes, 

andd the number of thrombocytes or leucocytes at the start of the therapy, respectively) 

(normall ranges: 100-350-10' thrombocytes/L and 4.2-10.6-109 leucocytes/L; 

thrombocytopenia:: ^100-109 thrombocytes/L; leucocytopenia: £4.2-109 leucocytes/L). 

Hepatotoxicityy was assessed by measuring the activity of four liver enzymes: alanine 

transaminasee (ALAT), aspartate transaminase (ASAT), alkaline phosphatase (AP) and 

gamma-glutamyltransferasee (y-GT) and it was defined as at minimum a twofold 

increasee of the levels of one or more liver enzymes relative to the upper laboratory 

referencee value. An increase-factor (highest level of enzyme divided by the mean level 

off enzyme, provided that the levels are within the normal range) was calculated for the 

respectivee liver enzymes (normal values: <37 U/L (ALAT), <47 U/L (ASAT), <103 U/L 

(AP),, £48 U/L (y-GT); increased levels: >74 U/L (ALAT), >94 U/L (ASAT), >206 U/L 

(AP),, S>96 U/L (y-GT)). 

Thee investigated pharmacokinetic parameters are: 5-FC clearance (Ö5-FC), volume of 

distributionn (Vd), volume of distribution, normalized to body weight (Vdbw), area-

under-the-curvee (AUC), maximum 5-FC level (5-FCmax) and the mean daily dose 

(normalizedd to body weight) per creatinine clearance (DD/Clcr). 

Thee pharmacokinetic parameters were calculated by a Bayesian-based curvefitting 

proceduree using the computer program MW\PHARM.17 A possible relationship 

betweenn toxicity and pharmacokinetic parameters was tested for the linear model of 

correlation. . 
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RESULTS S 
Thrombocyte ss and Leucocyte s 
Seventeenn of the 53 patients (32%) developed a thrombocytopenia at mean 9.3 days 

(SDD = 6.3 days; range = 1-27 days) after start of the therapy, 8 patients (15%) 

remainedd within the normal range during the period of 5-FC treatment and 13 

patientss (25%) developed a thrombocytosis during 5-FC therapy. At the start of the 

therapyy 12 patients (23%) presented a thrombocytopenia and 3 patients (6%) 

presentedd a thrombocytosis. Only 2 patients (4%) developed a leucocytopenia during 

thee therapy and in 17% (9 patients) of the cases the leucocyte levels remained within 

thee normal range. The majority of the patients (42 patients; 79%) developed a 

leucocytosiss during 5-FC therapy. 

Thee patients who developed thrombocytopenia during 5-FC treatment (n = 17) and 

thosee who remained within the normal thrombocyte range (n = 8) were used for 

furtherr analysis. The other patients were excluded from this analysis since they either 

developedd a thrombocytosis during 5-FC therapy or they already presented a 

thrombocytopeniaa or thrombocytosis at the start of the 5-FC therapy. Leucocyte counts 

weree excluded from further analysis since the observed number of patients with 

leucocytopeniaa appears to be very low. 

Thee group of patients which developed thrombocytopenia during 5-FC treatment 

hadd a significantly lower mean 5-FC clearance as compared to the group of patients 

whoo remained within the normal thrombocyte range: 1.28 L/h (SD = 0.88 L/h; 

rangee = 0.54-4.10 L/h) and 2.36 L/h (SD = 1.78 L/h; range = 0.43-5.86 L/h), 

respectivelyy (p<0.05; Wilcoxon signed-ranks test; table 1). Furthermore, the group 

off patients which developed thrombocytopenia during 5-FC treatment had a 

significantlyy lower 5-FC mean daily dose as compared to the group of patients who 

remainedd within the normal thrombocyte range: 1946 mg/day (SD = 1284 mg/day; 

rangee = 893-5278 mg/day) and 3228 mg/day (SD = 1359 mg/day; range = 

1525-50000 mg/day), respectively (p<0.05; Wilcoxon signed-ranks test). 

Live rr  Enzymes 
Twenty-ninee of the 53 patients (55%) presented an increased level (i.e. increase factor 

>2)) of at least one of the investigated liver enzymes during 5-FC treatment, 6 patients 

(11%)) remained within the normal ranges and 13 patients (25%) presented an increase 

inn activity of at least one of the liver enzymes before 5-FC treatment. Five patients (9%) 
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weree excluded from this analysis since the necessary information was lacking in the 

medicall reports. An increased level of liver enzymes ALAT, ASAT, AP and y-GT occurred 

inn respectively 23, 2 1 , 40 and 38% of the cases and the mean increase-factors were 

respectivelyy 5.04 (ALAT), 3.90 (ASAT), 3.75 (AP) and 4.35 (y-GT). 

Thee means of the several pharmacokinetic parameters of the patients who developed 

ann increase in liver enzyme activity during 5-FC treatment and those who remain within 

thee normal ranges do not significantly differ (Wiicoxon signed-ranks test; table 2). 

Tabl ee 1. The pharmacokinetic parameters (mean  SD; range) of the patients who develop 

thrombocytopeniaa during 5-FC treatment (n = 17) and those who remain within the normal 

thrombocytee range (n = 8). 

Pharmacokineticc parameter Thrombocytopenia Normal thrombocyte range 

CI5-FC(L/h)) 1.28  0.88 (0.54-4.10) 2.36  1.78 (0.43-5.86)p<005 

Vd(L)) 55.69 4 (16.93-102.20) 69.52 + 32.99(37.71-121.05) 
Vdbww (L/kg) 0.743  0.385 (0.242-1.742) 0.863  0.380 (0.378-1.614) 

AUCC (mg-h/L) 1723  965 (634-4397) 1821  952 (853-3721) 

CI5-FC,, Vd, Vdbw and AUC represent 5-FC clearance, volume of distribution, volume of distribution 

normalizedd to body weight, and area-under-the-curve, respectively. p<oos = significant difference (Wiicoxon 

signed-rankss test). 

Tabl ee 2. The pharmacokinetic parameters (mean  SD; range) of the patients who develop increased 

activityy of at least one of the liver enzymes during 5-FC treatment (n = 29) and those who remain withinn the 

normall range (n = 6). 

Pharmacokineticc parameter Increased liver enzyme activity Normal range 

CI5-FCC (l/h) 2.27  1.95 (0.32-8.05) 1.93  1.65 (0.54-4.97) 

Vdd (L) 60.50  27.08 (23.88-140.56) 64.22  35.25 (23.76-120.20) 

Vdbww (L/kg) 0.912  0.401 (0.443-1.847) 0.881  0.495 (0.273-1.740) 

AUCC (mg-h/L) 1597  1021 (543-4766) 1424  635 (802-2592) 

CI5-FC,, Vd, Vdbw and AUC represent 5-FC clearance, volume of distribution, volume of distribution, 
normalizedd to body weight, and area-under-the-curve, respectively. 
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Correlation s s 
Twoo linear correlations were found for patients who develop thrombocytopenia during 

5-FCC treatment and patients who remain within the normal range. A linear correlation 

(equationn I) was found between thrombocyte nadir (109 thrombocytes/L) and 5-FC 

clearancee (CI5-FC; L/h): r = 0.47 (n — 25; p<0.05; Pearson product moment 

correlationn coefficient; figure 1; table 3): 

C/55 - FC = 0.60 + (0.012  Thrombocyte nadir) [I] 

Furthermore,, a significant linear correlation (equation II) could be demonstrated 

betweenn creatinine clearance (Clcr; L/h) and 5-FC clearance (CI5-FC; L/h): r = 0.62 

(nn = 25; p<0.05; Pearson product moment correlation coefficient; figure 1): 

C/55 - FC = 0.65 + (0.35  Clcr) [II] 

Combinationn of equations [I] and [II] results in an expression which relates thrombocyte 

nadirr (109 thrombocytes/L) to creatinine clearance (Clcr; L/h) (equation III): 

thrombocytee nadir = — —- [III] 

Regardingg the patients who develop increased levels of liver enzymes during 5-FC 

treatmentt only a weak significant linear correlation was found between the ASAT 

increasee factor and the mean daily dose/creatinine clearance/body weight: r = 0.63 

(nn = 1 1 ; p<0.05; Pearson product moment correlation coefficient; table 4). 

Thee relationship between the type of 5-FC schedule (intermittent or continuous infusion) 

andd toxicity (thrombocytopenia or hepatotoxicity) was also investigated. There was a 

trendd towards higher toxicity in the group of patients who received 5-FC by intermittent 

infusionn compared to continuous administration. This difference was only significant for 

thee increase in y-GT levels (p<0.05; Chi-squared test; patients receiving both 

continuouss and intermittent infusion were excluded from this analysis; table 5). 

Analysiss of the results of the measured 5-FC levels during 5-FC therapy showed that 17 

patientss (32%) experienced 5-FC levels exceeding 100 mg 5-FC/L at some time during 

thee 5-FC treatment and the incidence of thrombocytopenia in this group (8 patients; 

47%)) is significantly higher compared to the incidence of thrombocytopenia in the total 

populationn (32%) (p<0.05; Fisher exact test). Furthermore, the incidence of increases in 
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levelss of ALAT and ASAT in the group of patients who experienced 5-FC levels 

exceedingg 100 mg 5-FC/L (7 and 6 patients, respectively) is significantly higher 

comparedd to the incidence of increases in liver enzymes in the total population 

(p<0.055 and p = 0.05 for ALAT and ASAT, respectively; Fisher exact test). 
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Figur ee 1 . The relations between the thrombocyte nadir and the 5-FC clearance (CI5-FC) 

andd between the 5-FC clearance (CI5-FC) and the creatinine clearance (Clcr) for patients 

whoo develop thrombocytopenia during 5-FC treatment and patients who remain within 

thee normal thrombocyte range. 

Tabl ee 3 . The linear correlation coefficient (r) of the relationships between thrombocyte nadir or relative 

thrombocytee decrease and pharmacokinetic parameters for patients who develop thrombocytopenia during 

thee 5-FC treatment and patients who remain within the normal thrombocyte range. 

Pharmacokinetic c 

parameter r 

CI5-FC C 
Vd d 

Vdbw w 

AUC C 
DD/Clcr r 

5-FCmax x 

r r 
(thrombocytee nadir) 

0.477 p<005 

0.06 6 
0.04 4 

0.13 3 
-0.28 8 

0.01 1 

(relativee thrombocyte decrease) 

0.34 4 

0.08 8 

0.08 8 

0.36 6 

-0.19 9 

0.00 0 

CI5-FC,, Vd, Vdbw, AUC, DD/Clcr and 5-FCmax represent 5-FC clearance, volume of distribution, 

volumee of distribution, normalized to body weight, area-under-the-curve, mean daily dose/creatinine 

clearance/bodyy weight and maximum 5-FC levels, respectively; p < 0 0 5 = significant correlation (Pearson 

productt moment correlation coefficient). 
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Tabl ee 4. The linear correlation coefficient (r) of the relationships between increased liver enzyme activities 
andd pharmacokinetic parameters for patients who develop increased activity of liver enzymes. 

ALATt t 

ASATt t 

AP t t 

y-GTt t 

Patients s 
{%) ) 

12(23) ) 

11(21) ) 

211 (40) 

200 (38) 

CI5-FC C 

(L/h) ) 

0.13 3 

-0.06 6 

0.09 9 

-0.16 6 

Vd d 

(L) ) 

0.04 4 

0.27 7 

0.15 5 

-0.19 9 

Vdbw w 

(lAg) ) 

-0.25 5 

0.05 5 

-0.08 8 

-0.25 5 

AUC C 
(mgh/L) ) 

-0.45 5 

-0.12 2 

-0.08 8 

0.03 3 

DD/Clcr r 
(mgAg/L/h) ) 

0.13 3 

0.633 p<aos 

-0.23 3 

-0.28 8 

5-FCmax x 

(mg/L) ) 

-0.30 0 

-0.31 1 

0.18 8 

0.27 7 

CI5-FC,, Vd, Vdbw, AUC, DD/Clcr and 5-FCmax represent 5-FC clearance, volume of distribution, volume 
off distribution, normalized to body weight, area-under-the-curve, mean daily dose/creatinine 
clearance/bodyy weight and maximum 5-FC levels, respectively; ALAT t , ASAT t , AP t and y-GT t 
representt the patients who develop increased levels of alanine transaminase, aspartate transaminase, 
alkalinee phosphatase and gamma-glutamyltransferase, respectively; p<005 = significant correlation (Pearson 
productt moment correlation coefficient). 

Tabl ee 5. Toxicity (thrombocytopenia and hepatotoxicity) in relation to the type of 5-FC administration; 
correspondingg odds ratio (OR) and Chi-squared t-value. 

Intermittentt Continuous OR t 

nr.. of patients nr. of patients (95% confidence limits) 

(%)) (%) 

Thrombocytopenia a 
ALATt t 

ASATt t 

APt t 

Y-GTt t 

8(47) ) 

6(50) ) 

7(63) ) 

13(62) ) 

15(70) ) 

7(41) ) 

4(33) ) 

3(27) ) 

7(33) ) 

5(25) ) 

1.022 (0.25 < OR < 4.06) 

1.422 (0.29 < OR < 7.30) 

2.466 (0.47 < OR < 14.28) 

2.299 (0.61 < OR < 8.80) 

4.200 (1.03 < OR < 18.07) 

0.00 0 

0.24 4 

1.45 5 

1.93 3 

5.30p<005 5 

ALATT t , ASAT t , AP t and y-GT t represent the patients who develop increased levels of alanine 

transaminase,, aspartate transaminase, alkaline phosphatase and gamma-glutamyltransferase, 

respectively;p<0055 = significant difference (Chi-squared test). 
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DISCUSSION N 
Therapeuticc drug monitoring (TDM) of 5-FC is routinely performed in many institutions 

too assure effective drug concentrations and to avoid drug-related toxicity. It has been 

reportedd in literature that 5-FC levels exceeding 100-125 mg 5-FC/L during a period 

off 1 to 2 weeks may result in increased toxicity/*7,10 but the evidence for concentration-

dependentt toxicity as well as the possibility of preventing toxicity by close monitoring of 

drugg levels is weak. This retrospective study was performed to explore a possible 

relationshipp between bone-marrow- and hepatotoxicity and 5-FC pharmacokinetics. 

Inn the investigated population of 5-FC treated ICU patients thrombocytopenia 

occurredd in 32% of the population which is comparable to percentages reported in 

literature:: Stamm ef a/, and Utz et a/, reported bone-marrow depression in 22% and 

30%,, respectively.6,8 Hepatotoxicity occurs in 21-40% of the investigated population 

whichh is somewhat higher compared to literature: Stamm et a/, reported hepatotoxicity 

inn 17% of the investigated patients,6 whereas other studies show 0-15% 

hepatotoxicity.7,99 The higher rate of hepatotoxicity might be explained by the way 

hepatotoxicityy is defined in the different studies in comparison to our strict definition. 

Furthermore,, it is possible that taking into consideration the complex state of health of 

thee investigated ICU patients, increases in liver enzymes are not solely dependent on 

5-FCC levels. It cannot be excluded that increases in liver enzymes were due to other 

factorss than 5-FC exposure. Most likely amphotericin B plays no role in the occurring 

bone-marroww depression and hepatotoxicity since these side effects have only rarely 

beenn reported with the use of amphotericin B. 

Fromm the current study it appears that patients experiencing thrombocytopenia did 

havee a significantly lower 5-FC clearance as compared to those who remained within 

thee normal thrombocyte range. The causality of 5-FC-induced thrombocytopenia is 

strengthenedd by the observation that there was a significant linear association 

betweenn thrombocyte nadir and 5-FC clearance in the group of patients who develop 

thrombocytopeniaa or remain within the normal thrombocyte range during 5-FC 

therapy.. Also, a significant linear correlation between 5-FC clearance and creatinine 

clearancee could be demonstrated, in accordance with the findings in other studies.18,19 

Combinationn of the two linear relationships results in an expression between 

creatininee clearance and thrombocyte nadir making it possible to predict the 

thrombocytee nadir from the creatinine clearance. The validity of this relation is limited 

too the patients who meet the characteristics of our investigated population: ICU 

patients,, who develop a thrombocytopenia during 5-FC treatment or who remain 
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withinn the normal thrombocyte range and who's individual pharmacokinetic 

parameterss are within certain limits (CI5-FC: 0.43-5.86 L/h; Vd: 16.93-121.05 L; 

Vdbw:: 0.242-1.742 L/kg and AUC: 634-4397 mg-h/L). The fact that results show a 

significantt difference in 5-FC clearance without changes in other pharmacokinetic 

parameterss such as mean AUC can be explained by the difference in 5-FC mean 

dailyy dose. In case patients experienced high 5-FC levels during treatment due to a 

lowerr 5-FC clearance adjustments in 5-FC dose were made in order to lower 5-FC 

levels.. As a result there is no difference in AUC between the two groups of patients. In 

lightt of the retrospective character of this study, prospective studies are necessary to 

validatee the derived expression between creatinine clearance and thrombocyte nadir. 

Whenn the relationship appears to be valid, the formula enables to define patients at 

riskk for thrombocytopenia on basis of their creatinine clearance. 

AA quarter of the investigated patients develops an unexpected thrombocytosis 

duringg 5-FC therapy. However, the causality of this relation is questionable despite 

thee existence of a positive time-relation with 5-FC administration. It is more likely 

thatt this effect is the result of the complex state of health of the patients. This 

situationn could as well serve as the explanation for the unexpected observation that 

23%% of the investigated patients presented a thrombocytopenia before starting the 

5-FCC treatment. 

Thee main part of the patients presented a leucocytosis before the start of 5-FC therapy, 

whichh most probably is attributable to the systemic infection, in most cases a Candida 

infection.. This could mask an effect on leucocyte counts caused by 5-FC. 

Thee effect of 5-FC on liver enzymes is diverse: the percentages of patients developing 

increasedd levels of ALAT and ASAT was less compared to patients developing 

increasedd levels of the less specific liver enzymes AP and y-GT. Patients receiving 

continuouss administration of 5-FC develop less hepatotoxicity (as observed by 

significantlyy increased y-GT levels) compared to patients receiving intermittent infusion 

off the drug. Also, a weak though significant linear correlation was found between the 

increasee of ASAT and the mean daily 5-FC dose/creatinine clearance/body weight, a 

factorr shown to be of importance for 5-FC toxicity earlier by Stamm er a/.6 The use of 

individuall liver enzymes as markers of hepatotoxicity could be discussed since there 

aree many other possible markers such as serum protein levels including albumine, 

plasmaa levels of coagulation factors and serum bilirubin concentration. However, 

albuminee levels are non-specific and depend on many factors such as food intake. 

Furthermore,, coagulation factors are a much less sensitive marker as compared to 
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individuall liver enzymes. In addition, interpretation of serum bilirubin concentration 

dependss not only on liver function but also on hemoglobin metabolism. 

Ourr retrospective study confirms the reports in the literature that 5-FC levels exceeding 

1000 mg 5-FC/L result in increased incidence of bone-marrow depression and 

hepatotoxicity.6,7'100 Although our patients were all carefully monitored by assessment of 

serumm drug levels during 5-FC treatment in order to prevent 5-FC levels exceeding 

1000 mg 5-FC/L, higher rates of thrombocytopenia and increases in ALAT and ASAT 

levelss were observed in the group of patients experiencing small lasting 5-FC levels 

exceedingg 100 mg 5-FC/L during any time of the treatment. Therefore, close TDM by 

measuringg 5-FC serum levels and adjustment of dosage regimens as performed in our 

routinee practice does not seem to fully prevent bone-marrow depression or 

hepatotoxicityy in the clinical setting as compared to incidences of these side effects 

fromm historical data. However, only a direct comparative study can elucidate the real 

clinicall value of TDM of 5-FC. 

Itt is concluded that, in our limited population, bone-marrow depression and 

hepatotoxicityy by 5-FC are related to some pharmacokinetic parameters, such as the 

5-FCC clearance and the daily dose/creatinine clearance/body weight. The clinical 

implicationn is that patients with impaired renal function should be regarded at risk for 

developingg 5-FC induced thrombocytopenia and hepatotoxicity. 
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