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ABSTRACT T 

Thee aim of this study is to investigate whether fluorouracil (5-FU) could be responsible 

forr bone-marrow depression occurring in flucytosine (5-FC) treated patients. 

Sixx 5-FC treated intensive care unit (ICU) patients were included in this pilot study. 

Toxicityy was monitored by means of thrombocyte and leucocyte counts. Serum levels of 

5-FCC and 5-FU were measured using a sensitive and validated high-performance 

liquidd chromatography (HPLC) assay that allows simultaneous determination of both 

compounds.. The limits of quantitation of this assay are 0.3 and 0.05 mg/L for 5-FC 

andd 5-FU, respectively. 

Thee amounts of 5-FU in the 34 serum samples collected from the 6 investigated ICU 

patientss remained below the limit of quantitation, whereas 5-FC levels could be 

detectedd in all samples. Instead, low levels of the 5-FU catabolite ar-fluoro-/*-alanine 

(FBAL)) were detected in several of the investigated serum samples. In case of 3 

patientss thrombocyte counts remained within the normal range during 5-FC treatment, 

whereass 1 patient developed thrombocytopenia (50109 thrombocytes/L) during 

therapy.. Furthermore, one patient developed leucocytopenia (2.6109 leucocytes/L) 

duringg 5-FC therapy, whereas the remaining 5 patients were suffering from 

leucocytosiss prior to 5-FC therapy. 

Inn conclusion, we found non-detectable 5-FU serum concentrations (<0.05 mg/L) in 

ICUU patients treated with intravenous 5-FC making it unlikely that 5-FC-associated 

toxicityy results from 5-FU exposure in patients receiving intravenous 5-FC therapy. These 

findingss may be explained by the fact that our patients received 5-FC intravenously 

insteadd of orally, a situation not allowing active conversion of 5-FC to 5-FU by the 

humann intestinal microflora. 
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INTRODUCTION N 
Initially,, the antifungal agent flucytosine (5-fluorocytosine; 5-flucytosine; 5-FC) was 

supposedd to possess antitumor activity, but it appeared to be ineffective for this 

purpose.1,22 Its antifungal properties were discovered shortly after and 5-FC treatment 

off patients with candidiasis and cryptococcosis started a few years later.3 5 The use of 

5-FCC as a single agent is limited due to the development of resistance.6,7 Therefore, 

5-FCC is most frequently used concomitantly with other agents, mainly amphotericin B, 

forr the treatment of systemic mycoses.8,9 

5-FCC is taken up by fungal cells by means of the enzyme cytosine permease and 

convertedd into 5-FU (5-fluorouracil; 5-FU) by the specific enzyme cytosine deaminase 

(Figuree l).610-12 Further metabolism of 5-FU leads to compounds that, once incorporated 

intoo fungal RNA, result in inhibition of protein and DNA synthesis of the fungal cell 

(Figuree I ) . m s Human cells lack the enzyme cytosine deaminase and are thus unable to 

convertt 5-FC into 5-FU. 

5-FU U  FUPA FBAL L 

FUMP P FUDP P FUTP P 
incorporation n 

intoo RNA 

permease e 
5-FC C 

cytosine e 
deaminase e 

*  5-FU 

FdUMP P inhibitionn of 
thymidylatee synthetase 

cell l 
membrane e 

inhibition n 
off protein 
synthesis s 

inhibition n 
off DNA 

synthesis s 

Figur ee 1 . Metabolic pathway of 5-FU and 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;; FUPA, a-fluoro-/J-ureidopropionic acid; FBAL, a-fluoro-/J-alanine; F', fluoride. 
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Therapeuticc drug monitoring (TDM) of 5-FC is routinely performed assuring effective 

5-FCC levels. Several studies have pointed out an increased risk of toxicity when 5-FC 

levelss exceed 100 mg/L9,16"20 It has been postulated that conversion of 5-FC to 5-FU 

couldd be one of the mechanisms of development of 5-FC-associated toxicity. 5-FU is 

knownn to cause bone-marrow depression as seen with 5-FC therapy.21'23 Furthermore, 

5-FUU and its catabolites have been detected in urine and serum of 5-FC treated 

patients,, although the reports in literature are not conclusive.11,24,25 

Conversionn of 5-FC to 5-FU can occur passively as well as actively. 5-FU was present 

inn 5-FC intravenous fluid as a result of impurities from 5-FC manufacturing and 5-FU 

formationn during sterilization and storage.26 Furthermore, using Escherichia coli (ATCC 

23922)) we were able to show significant and rapid active conversion of 5-FC to 5-FU 

inn in vitro experiments (Figure 2). 

Theree is only a single study showing 5-FU in serum samples of 5-FC treated 

patients.111 In the serum of 2 healthy volunteers 5-FU levels of 0.01-4.0 mg/L were 

foundd during 6 hours following the oral administration of 2 g of 5-FC. 5-FU levels 

weree also measured in serum samples of 7 5-FC treated patients (0.002-3.06 mg/L 

5-FU;; >1 mg/L 5-FU in 20 of 41 samples). In addition, Williams et a/, quantified the 

urinaryy output of a-fluoro-/?-alanine (FBAL) using 9 5-FC treated patients of whom 8 

weree treated orally.24 They found that 8 of the patients taking doses of 3-30 g 5-FC 

perr day excreted 0.01-0.26% of their 5-FC dose as FBAL. One orally treated patient 

excretedd 4.9% of the 5-FC dose as FBAL. Malet-Marino and colleagues also 

investigatedd the conversion of 5-FC to 5-FU using the urine of 2 patients treated with 

bothh intravenous and oral 5-FC and amphotericin B.27 5-FU itself was not detected in 

thee investigated urine samples, but a relationship between certain 5-FU catabolites 

(i.e.. a-fluoro-/?-ureidopropionic acid, FBAL and fluoride) and the gut flora status was 

shown.. Finally, Harris et a/, examined the capacity of the human intestinal microflora 

too convert 5-FC to 5-FU using an in vitro semicontinuous culture system that 

mimickedd the intestinal microflora.28 The authors showed that enzyme(s) responsible 

forr deamination of 5-FC to 5-FU by the intestinal microflora can be induced by 

chronicc 5-FC exposure. 

Althoughh evidence has been presented for the conversion of 5-FC to 5-FU when 5-FC is 

administeredd orally, no such studies have been performed in case of intravenous 5-FC 

administration.. In the present study we describe the results of a pilot study using 6 5-FC 

treatedd intensive care unit (ICU) patients in order to determine 5-FU serum levels in ICU 

patientss treated with intravenous 5-FC and to relate these findings to 5-FC-induced 

bone-marroww depression. 
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Figur ee 2 . Chromatogram showing conversion 

off 5-FC to 5-FU in an in vitro experiment using 

E.E. co/i. 

Thee presented chromatogram shows that 

approximatelyy 15% conversion of 5-FC to 5-FU 

occurredd after incubation of 10'  E. co/i (ATCC 

23922)) wit h 5-FC during 4 hours at . 

Abbreviations:: 5-FC, 5-fluorocytosine; 5-FU, 

5-fluorouracil;; 5-MC, 5-methylcytosine; 5-CU, 

5-chlorouracil. . 

SUBJECTSS AND METHODS 

Patien tt  Populatio n 

Thee study population of this pilot study consists of 6 5-FC treated ICU patients in the 

Academicc Medical Center (Amsterdam, The Netherlands). All relevant clinical and 

demographicc data were collected from the medical records of the individual patients and 

fromm the automated hospital system. All demographic, pharmacokinetic and 5-FC-

relatedd data are summarized in table 1. 

Patientt A is a 41-year-old male, hospitalized with cryptococcal meningitis who received 

intravenouss 5-FC therapy during 2.5 weeks. Patient B, a 52-year-old female suffering 

fromm ataxia telangiectasia (Louis-Bar syndrome), was admitted to the ICU of our hospital 

withh a suspected sepsis. During her admission, an infection with Candida krusei was 

diagnosedd for which intravenous 5-FC treatment was given during 10 days. Patient C is a 

73-year-oldd male who was admitted to our hospital in order to undergo a coronary-

aorta-bypasss graft (CABG). During this procedure, the patient suffered several 

complicationss and was admitted to the ICU. This patient received intravenous 5-FC for a 

shortt period of time (4 days), although only negative cultures were grown. The 64-year-

oldd male patient D who was hospitalized for treatment of esophageal carcinoma, was 

treatedd during 10 days with intravenous 5-FC for a C tropicalis infection. Patient E, a 76-

WLJV—IL L 
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year-oldd male suffering from severe chronic obstructive pulmonary disease (COPD), was 

admittedd to the ICU of our hospital with a double pneumonia. He received intravenous 

5-FCC treatment for 6 days for an infection with C. albicans. Finally, the 67-year-old male 

FF was admitted to the ICU with pneumonia and sepsis. An infection with 7bru/ops(S 

glabrataglabrata was diagnosed and the patient received intravenous 5-FC treatment forr 16 days. 

Besidess 5-FC therapy, all 6 patients received amphotericin B as well in a dosage of 0.4-

0.77 mg/kg once a day in a 6-hour infusion. In patients A and C 5-FC therapy was 

replacedd by treatment with fluconazole and in patient B 5-FC treatment was discontinued 

duee to recovery of the patient. Therapy was stopped for unknown reasons in patient D, 

whereass patients E and F died shortly after discontinuation of 5-FC therapy. 

Tab l ee 1 . Demographic and clinical data of the 6 investigated 5-FC treated ICU patients. 

Characteristic c 

Genderr (M/F) 

Agee (years) 
Weightt (kg) 

Heightt (cm) 

BSAA (m2) 
Microorganism m 

Crserumm (//M) 
Clcrr (mL/min) 

CI5-FCC (L/h) 
Vd(L) ) 

Vdbww (L/kg) 
AUCC (mgh/L) 

5-FCmaxx (mg/L) 

Totall dose (mg) 

Dailyy dose (mg) 

Lengthh of therapy (days) 
T5-FCmaxx (days) 

Infusionn (C/l) 
No.. of 5-FC levels 

DD/Clcrr (mg/kg/mL/min) 

A A 

M M 

41 1 

70 0 

188 8 
1.94 4 

Cr.Cr. neoform. 

90 0 

93.8 8 
4.65 5 

43.98 8 
0.632 2 

2,465 5 

149.68 8 

191,750 0 

11,461 1 

16.7 7 
15.7 7 

1 1 
4 4 

1.756 6 

B B 

V V 

53 3 

50 0 

145 5 
1.40 0 

C.. krus. 
23 3 

152.8 8 
2.80 0 

25.28 8 
0.506 6 

1,450 0 

76.45 5 

40,933 3 

4,060 0 

10.1 1 

9.3 3 
C C 

3 3 
0.531 1 

C C 

M M 

73 3 

60 0 
172 2 

1.71 1 

N.C. . 
59 9 

82.5 5 
1.29 9 

43.11 1 
0.719 9 

4,186 6 

148.96 6 
19,333 3 

5,400 0 

3.6 6 

3.2 2 
C C 

4 4 
1.091 1 

D D 

M M 
64 4 

69 9 

175 5 
1.84 4 

C.. frop. 
78 8 

82 2 
3.53 3 

48.24 4 

0.699 9 
1,416 6 

62.81 1 
50,000 0 

5,000 0 

10.0 0 
2.4 4 

C C 

5 5 
0.884 4 

E E 

M M 

76 6 
75 5 

175 5 

1.90 0 
C.. alb. 

231 1 

24.0 0 

0.93 3 
107.98 8 
1.440 0 
4,779 9 

133.59 9 
27,250 0 

4,449 9 

6.1 1 
2.1 1 

C C 
4 4 

2.472 2 

F F 

M M 
67 7 

60 0 

170 0 
1.69 9 

7".. g/ab. 
97 7 

54.7 7 
2.14 4 

100.33 3 
1.672 2 
1,343 3 

75.94 4 

46,000 0 

2,875 5 

16.0 0 

6.5 5 

C C 
14 4 

0.876 6 

Abbreviations:: BSA, body surface area; Cr. neo., Cryptococcus neoformans; C. krus., Candida krusei; 

N . C ,, negative cultures; C. trap., Candida tropicalis; C. alb., Candida albicans; 1. g/ab., Torulopsis 

glabrata;glabrata; 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, 

maximumm 5-FC level during therapy; T5-FCmax, time after start of 5-FC treatment that the highest 5-FC 

levell occurred; C, continuous infusion; I, intermittent infusion; DD/Clcr, mean daily dose (normalized to 

bodyy weight) per creatinine clearance. 
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Serumm Level Monitorin g 
Bloodd for peak serum concentrations was collected half an hour after completion of the 

intermittentt intravenous infusion (patient A). Trough levels were sampled half an hour 

beforee starting a new infusion. In case of continuous infusion (patients B, C, D, E, and F), 

bloodd samples were taken at a standard time in the morning (6.00 am; starting on day 2 

off treatment). Target concentrations of 5-FC were 25-50 mg/L for trough levels and 50-

1000 mg/L for peak levels, whereas in patients on continuous infusion, a serum level of 

500 mg/L was pursued. 

5-FCC levels were measured using a sensitive and precise high-performance liquid 

chromatographyy (HPLC) technique that was developed at our department.29 This 

HPLCC method consisted of deprotei nation with trichloroacetic acid and 

spectrophotometricc diode array detection for the simultaneous quantification of 5-FC 

andd 5-FU, with 5-methyicytosine (5-MC) and 5-chlorouracil (5-CU) as internal 

standardss for quantification of 5-FC and 5-FU, respectively. The limits of quantitation 

off this assay are 0.3 mg/L and 0.05 mg/L for 5-FC and 5-FU, respectively. 

Dosee adjustments were made by Bayesian estimation using the computer program 

MW\PHARMM (MW\PHARM, version 3.15A, Medi\Ware, Groningen, The Netherlands)30 

withh an one-compartment model with renal excretion.31 

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

expressedd as the nadir, the lowest number of thrombocytes or leucocytes during therapy 

(normall ranges: 100-350109 thrombocytes/L and 4.2-10.6109 leucocytes/L; 

thrombocytopenia:: <100109 thrombocytes/L; leucocytopenia: <4.2109 leucocytes/L). 

Pharmacokineti cc  Simulatio n 
Inn order to make it possible to simulate the active formation of 5-FU from 5-FC in 

patientss treated with 5-FC in relation to the active conversion rate K12, one-compartment 

pharmacokineticc models simulating the situation of both oral and intravenous 5-FC 

administrationn were built using the computer program Berkeley Madonna (Figure 3).32 

Thee pharmacokinetic parameters entered into the program included 5-FC volume of 

distributionn {Vd5-FC; 50 L), 5-FU volume of distribution (Vd5-FU; 8 L), 5-FC elimination 

ratee constant (Kel5-FC; 0.15 h"1), 5-FU elimination rate constant (Kel5-FU; 2.8 h"1), 
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absorptionn rate constant for 5-FC absorption in case of oral 5-FC therapy ( K ^ ; 2.77 h'1} 

andd 5-FC input. In case of oral 5-FC administration, a situation of 10,5 g 5-FC in 4 daily 

dosess (37.5 mg/kg/day, 4 times daily; average weight of 70 kg) was simulated. In case 

off intravenous 5-FC infusion, two situations, intermittent and continuous 5-FC infusion 

weree investigated. In case of intermittent 5-FC infusion, the 5-FC input was based on a 

patientt treated with 3 g of 5-FC, 4 times daily, administered as a 30-minutes infusion 

withh intervals of 6 hours. In case of continuous 5-FC infusion, the 5-FC input was based 

onn a patient treated with 5 g of 5-FC as a 24-hour infusion (208 mg 5-FC/h) (Figure 3). 

Ann estimation of the active conversion rate constant (K12) was gathered from in vitro 

experimentss using E. coli (ATCC 23922). From these experiments it was shown that the 

conversionn of 5-FC to 5-FU occurs with a conversion rate constant of 0.02608 h ' . In 

casee of oral 5-FC therapy a parameter plot of K12 versus the expected final 5-FU 

concentrationn was built using 20 runs and a range of 0 to 0.05 h"1 for K12. In case of 

intravenouss 5-FC therapy a parameter plot of K12 versus the expected final 5-FU 

concentrationn was built using 20 runs and a range of 0 to 0.002 h"1 for K,2. 

Thee passive conversion rate constant of the conversion of 5-FC to 5-FU was estimated 

fromm the results of an accelerated stability study of 5-FC in intravenous solution.26 It 

cann be calculated from this study that the passive 5-FU formation rate constant is 

4.04310*44 mg/mLdays'1 at . This passive conversion rate constant was not taken 

intoo account in the pharmacokinetic simulations due to the relatively low value and the 

shortt period of 5-FC therapy. 

RESULTS S 
Serumm Drug Level s 
AA total of 34 plasma samples was obtained from the 6 patients and 5-FC levels were 

measuredd in all samples. Four serum levels were obtained from the patient who 

receivedd 5-FC intermittently: 14.3, 33.2, and 35.2 mg/L (trough levels) and 124.9 

mg/LL (peak level). The 5 other patients received continuous 5-FC therapy and in these 

patientss 5-FC serum levels varied between 12.7 and 153.3 mg/L {mean = 75.5 mg/L; 

SDD = 32.2 mg/L; n = 30; table 2). The serum levels of 5-FU all remained below the 

limitt of quantitation of the HPLC assay (<0.05 mg/L). Figure 4 shows a representative 

chromatogramm (serum sample no. 4 of patient A) as well as a serum sample that was 

spikedd with 5-FC and 5-FU. 
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Orall 5-FC input 

KiB S S 

Intravenous s 
5-FCC inpu t - >> 5-FC 

Kel5-FC C 

 5-FU 

Kel5-FU U 

Figur ee 3. Representation of the pharmacokinetic models used to 

simulatee the active formation of 5-FC to 5-FU in humans in case of 

orall or intravenous 5-FC therapy. Abbreviations: 5-FC, flucytosine; 

5-FU,, 5-fluorouracil; Kel5-FC, 5-FC elimination rate constant; 

Kel5-FU,, 5-FU elimination rate constant, K12, conversion rate 

constantt of the conversion of 5-FC to 5-FU; K ^ , 5-FC absorption 

ratee constant. 

Tabl ee 2 . Measured serum levels of 5-FC and 5-FU in the 6 investigated 5-FC treated ICU patients. 

Sample e 
No. . 

1 1 

2 2 
3 3 
4 4 

5 5 
6 6 
7 7 

8 8 
9 9 

10 0 

11 1 
12 2 
13 3 
14 4 

A A 

5-FC/5-FU U 

(mg/L) ) 

14.37<0.05 5 

33.37<0.05 5 
35.27<0.05 5 

124.97<0.05 5 

--
--
--
--
--
--
--
--
--
--

B B 

5-FC/5-FU U 

(mg/L) ) 

54.3/<0.05 5 

52.6/<0.05 5 
58.2/<0.05 5 

--
--
--
--
--
--
--
--
--
--
--

C C 

5-FC/5-FU U 

(mg/L) ) 

70.6/<0.05 5 

121.3/<0.05 5 
138.8/<0.05 5 
153.3/<0.05 5 

--
--
--
--
--
--
--
--
--
--

D D 

5-FC/5-FU U 

(mg/L) ) 

56.6/<0.05 5 
62.9/<0.05 5 

65.8/<0.05 5 
63.5/<0.05 5 
51.9/<0.05 5 

--
--
--
--
--
--
--
--
--

E E 

5-FC/5-FU U 

(mg/L) ) 

140.7/<0.05 5 

84.0/<0.05 5 
98.4/<0.05 5 
114.5/<0.05 5 

--
--
--
--
--
--
--
--
--
--

F F 

5-FC/5-FU U 

(mg/L) ) 

12.7/<0.05 5 
47.2/<0.05 5 

72.5/<0.05 5 
55.9/<0.05 5 
52.2/<0.05 5 
57.6/<0.05 5 

61.8/<0.05 5 
44.0/<0.05 5 
62.1/<0.05 5 
90.6/<0.05 5 

98.1/<0.05 5 
92.6/<0.05 5 
78.6/<0.05 5 

51.2/<0.05 5 

Abbreviations:: P, peak level; T, through level. 
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Toxicit y y 
Patientt A developed a leucocytopenia (2.6-10' leucocytes/L) during 5-FC therapy, 

whereass the number of thrombocytes remained within the normal range (thrombocyte 

nadir:: 100109 thrombocytes/L). Patient B wass suffering from both thrombocytosis and 

leucocytosiss at the time 5-FC treatment was started (659-109 thrombocytes/L and 

12.8-1099 leucocytes/L, respectively). Patient C developed a thrombocytopenia during 

5-FCC therapy (50-109 thrombocytes/L), while suffering from a leucocytosis before 

startingg treatment (11.9-10' leucocytes/L). Patient D suffered from a leucocytosis prior 

too 5-FC therapy (12.4109 leucocytes/L), although the number of thrombocytes 

remainedd normal during therapy with a thrombocyte nadir of 132109 thrombocytes/L. 

Patientt E was suffering from leucocytosis prior to 5-FC therapy (18.9109 leucocytes/L) 

whilee the number of thrombocytes remained within the normal range (thrombocyte 

nadir:: 112-109 thrombocytes/L). Finally, patient F was suffering from thrombocytopenia 

andd leucocytosis at the time 5-FC treatment was started (67-109 thrombocytes/L and 

19.0-1099 leucocytes/L, respectively). Information on the thrombocyte and leucocyte 

countss of the 6 investigated 5-FC treated ICU patients is summarized in table 3. 

Figur ee 4 . 

Chromatogramm of serum 

levell no. 4 of patient A 

(A;; 5-FC = 124.9 mg/L; 

5-FUU = <0.05 mg/L) 

andd an enlarged 

chromatogramm of a 

serumm sample spiked 

withh both 5-FC and 5-FU 

(B;; 5-FC = 98.8 mg/L; 

5-FUU = 1.3 mg/L). 

Abbreviations:: 5-FC, 

flucytosine;; 5-FU, 

5-fluorouracil;; 5-MC, 

5-methylcytosine;; 5-CU, 

5-chlorouracil. . 

II ' 

J J Ui i 
000 5.00 10.00 
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Pharmacokineti cc  Simulatio n 
Inn case of oral 5-FC administration it was simulated that the expected 5-FU 

concentrationn would be 3.53 mg/L at 72 hours after start of 5-FC therapy in case the 

K,22 is 0.02608 h'1 (Figure 5). For continuous intravenous 5-FC administration it was 

simulatedd that a K12 of 0.000813 h"1 would lead to a 5-FU concentration of 0.05 

mg/L,, which is the detection limit of the applied HPLC assay (Figure 5). This value of 

K,22 is 3.12% of the maximal K12 that was calculated from in vitro experiments. In the 

situationn of a patient treated with intermittent intravenous 5-FC it was simulated that a 

K122 of 0.000283 h  would lead to a 5-FU concentration of 0.05 mg/L (Figure 5). This 

valuee of K12 is 1.09% of the maximal K12 that was calculated from in vitro experiments. 

Tabl ee 3. Summary of the thrombocyte and leucocyte counts in the 6 investigated 5-FC treated ICU patients. 

Characteristicc A B C D E F 

Thrombocytee status 

Thrombocytee count (109/L) 

Leucocytee status 

Leucocytee count (109/L) 

Normal l 

100 0 

LP P 

2.6 6 

TTB T T 

(659) ) 

LTBB T 

(12.8) ) 

TP P 

50 0 
L T BT . . 

(11.9) ) 

Normal l 

132 2 

LTT BT' 

(12.4) ) 

Normal l 

112 2 

LTT B X 

(18.9) ) 

TPP BT-

(67) ) 

LTBT--

(19.0) ) 

Abbreviations:: B.T., before start of 5-FC treatment; TP, thrombocytopenia; TT, thrombocytosis; LP, 

leucocytopenia;; LT, leucocytosis. 

0.022 0.04 
K122 (h"1) 

0.06 6 

5-FU U 
(mg/L) ) 

0.0011 0.002 0.003 
K,22 (h-1) 

Figur ee 5. Plots of the active conversion rate constant of 5-FC conversion (K12) versus 

thee expected 5-FU concentration in case of oral (O), continuous intravenous (D), and 

intermittentt intravenous (*) 5-FC administration. 
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DISCUSSION N 
Besidess assuring effective 5-FC levels and avoiding resistance in the individual patient, 

TDMM of 5-FC is routinely performed in many institutions to avoid high 5-FC levels in 

orderr to prevent serious side effects such as bone-marrow depression and 

hepatotoxicity.. It is known that 5-FC related toxicity is significantly more frequent in 

casee 5-FC levels exceed 100 mg/L9,16"20 However, the complete mechanism of toxicity 

off this antifungal drug is still not elucidated. 

Onee of the possible mechanisms of 5-FC-induced bone-marrow depression and 

hepatotoxicityy is the conversion of 5-FC to certain metabolites, especially 5-FU. Indeed, 

somee scarce literature reports have shown 5-FU and its catabolites in urine and serum 

off patients treated with 5-FC.11'2425 5-FU is capable of causing bone-marrow 

depressionn similar to side effects reported in patients receiving 5-FC therapy.21"23 It has 

alsoo been shown that hematological toxicity due to 5-FU is more frequent with 5-FU 

boluss therapy as compared to 5-FU continuous intravenous therapy.22'23 Moreover, a 

therapeuticc range of 2 to 3 mg/L has been reported for 5-FU and hematological 

toxicityy was shown to be related to plasma levels greater than 3 mg/L.33 

Besidess passive conversion of 5-FC to 5-FU20 this process can occur as well in an 

activee manner, which was shown by our group as well as by others28 with in vitro 

experimentss using E. co/i. 

Thiss paper presents the results of a pilot study investigating serum samples of 6 ICU 

patientss treated with intravenous 5-FC in order to assess whether active conversion of 

5-FCC into 5-FU could explain the occurrence of 5-FC-induced bone-marrow toxicity. 

Ourr experiments revealed non-detectable 5-FU concentrations (<0.05 mg/L) in the 34 

availablee serum samples. Monitoring of thrombocyte and leucocyte counts showed 

thatt during 5-FC therapy both thrombocytopenia and leucocytopenia occurred in 1 

patient.. Normal thrombocyte counts were measured in 3 patients and leucocytosis 

priorr to 5-FC treatment occurred in 5 patients, which is in analogy with our earlier 

results.166 This observation makes it less plausible that 5-FU plays an important role in 

thee occurrence of bone-marrow toxicity upon intravenous 5-FC administration. 

Thee only study showing 5-FU in serum of 5-FC treated patients was performed in the 

latee 1970s by Diasio and colleagues.11 The mean duration of 5-FC treatment of these 

patientss is not directly mentioned in that study but can be estimated to be 

approximatelyy 84 days since the authors state that serum samples were collected 

approximatelyy every 2 weeks and the mean number of serum levels is 6. This is in 

contrastt with the relatively short duration of 5-FC treatment in the current study. 
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Furthermore,, our patients all received intravenous 5-FC, whereas the 7 patients 

reportedd by Diasio and colleagues were all treated with oral 5-FC11 and it is known 

thatt conversion of 5-FC to 5-FU can occur by the human intestinal microflora.28 

Thee pharmacokinetic simulations and the estimation of expected 5-FU concentrations 

uponn oral and intravenous 5-FC therapy confirm our findings that the formation of 

5-FUU from 5-FC only plays a significant role in case of oral 5-FC administration. Our 

resultss show for the first time that the cytostatic agent 5-FU plays no role in 5-FC-

relatedd toxicity upon intravenous 5-FC administration, in contrast to oral 5-FC 

administration.. Simulation of a patient treated with oral 5-FC showed that a 5-FU 

concentrationn as high as 3.53 mg/L is to be expected due to the active conversion of 

5-FCC to 5-FU by the gut flora. This 5-FU plasma level is in the range that has been 

shownn to be related to toxicity.33 Furthermore, the scarce data in literature with 

regardd to 5-FU formation in orally treated 5-FC patients who develop toxicity report 

similarr 5-FU serum concentrations.11 

Itt could be argumented that due to its short half-life (8-22 min), 5-FU remained 

undetectedd as a result of metabolism of this cytostatic agent into other compounds 

(Figuree 1). In order to elucidate this possibility, the investigated 5-FC serum samples 

weree analyzed using a different and sensitive HPLC technique with fluorescence 

detectionn that can be used to quantify the amounts of FBAL, the primary 5-FU 

catabolite,, in serum (detection limit: 0.0107 mg/L = 0.10 //M FBAL). This analysis 

showedd that only small amounts of FBAL were present in some of the serum samples 

off the 6 investigated 5-FC treated ICU patients indicating that these patients had 

beenn exposed to small amounts of 5-FU. Unfortunately, to our knowledge no 

accuratee and reliable methods exist to relate serum levels of FBAL to serum levels of 

5-FUU and thus it is not possible to further interpret FBAL concentrations or to quantify 

thee amount of 5-FU that had been present in these serum samples. 

Ourr study shows that 5-FU serum concentrations in ICU patients treated with 

intravenouss 5-FC are non-detectable (<0.05 mg/L). Therefore the 5-FU levels in 

thesee patients are much lower as compared to 5-FU levels that are to be expected in 

casee 5-FU would be responsible for 5-FC-related toxicity. However, reports in 

literaturee as well as our pharmacokinetic simulations have shown that in case of oral 

5-FCC treatment much higher 5-FU levels can be expected, which may cause bone-

marroww toxicity after this route of administration, whereas it is unlikely that 5-FU 

causess 5-FC-associated toxicity in patients treated with intravenous 5-FC. Further 

prospectivee studies comparing the 5-FU exposure in patients using intravenous and 
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orall 5-FC are necessary in order to confirm our findings. Furthermore, these studies 

shouldd also implement the collection of urine for measurement of FBAL since this 

catabolitee is mainly eliminated renally. 

Inn conclusion, we found non-detectable 5-FU serum concentrations (<0.05 mg/L) in 

ICUU patients treated with intravenous 5-FC making it unlikely that 5-FU is responsible 

forr the bone-marrow toxicity in these patients. This is the first report indicating that 5-FU 

formationn and probably 5-FC-related toxicity depend on the route of 5-FC 

administration.. With this regard intravenous 5-FC administration might be preferred 

overr oral 5-FC therapy. 
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