CHAPTER Il

FLUOROURACIL

Fluorouracil is a fluorinated pyrimidine antagonist. Heidelberger et al. synthesized

5-FU in 1957. In this molecule, the hydrogen atom in position 5 of uracil is replaced by the

similarly sized atom of fluorine, and the mole as designed to occupy the active sites

of enzyme target, thereby blocking metabo ma nt cells. The drug occurs as a

white to practically white to almost.w ically=€ 2ss, crystalline powder and is
—

sparingly soluble in water, sligh alcoholand practically insoluble in

chloroform and ether. The cgi : colorless to faint yellow in

color, the pH has been adjus

57-58,
olr

sodium hydroxide and

hydrochloric acid if needed.
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5-FU absorption from gastro-intestinal tract after oral administration is
unpredictable because of great variability of bioavailability. First pass metabolism in the
liver as the main explanation for the low and variable 5-FU bioavailability. 5-FU is usually
given intravenously. After IV administration, 5-FU is clear from plasma rapidly and no drug

is detected after 3 hours. Little 5-FU is absorbed when applied to healthy skin.
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Distribution®”*®

5-FU is distributed into tumors, intestinal mucosa, bone marrow, liver and other
tissues. Despite its limited lipid solubility, 5-FU readily crosses the blood-brain barrier and
distributes into cerebrospinal fluid and brain tissue. Distribution studies in humans and
animals have usually shown a higher concentration of the drug or its metabolites in the

tumor than in surrounding tissue or in corresponding normal tissue. Within the target cell

5-FU is converted to 5-fluorouridine monophos g and floxuridine mono-phosphate. It

Nger persis , orouracn in some tumors than
in the normal tissues of the host,.perhaps duesito IT@C” catabolism. From these

data, it has been suggested( , -'-? some specificity against
i RU ceros placenta in rats. It is not

N

After penetration into the Fis T etabolized via two routes in competition

certain in comparison with

known whether the drug is

Metabolism

with each other: the anabolic route, w - S 0 the active metabolites, and the

catabolic route, which inactiv iop of the drug from the

. 60"61 T "
organism. s A »

i

The Anabolic route

AU INYNINYIN

The anabolism™f 5-FU is rather cor‘nplex F!gure 3) As itself, 5-FU |s ineffective
o s R I HNIIN AR
uridine-5'-triphdgphate (5-FAUTP), and 5-fluorodeoxyuridine-5-monophosphate(5-FdUMP)
to become effective as antimetabolite. 5-FU can react in the following three ways. The two
ways both from  5-fluorouridine-5'-monophosphate  (5-FUMP) via two stage
phosphorylation by enzyme uridine phosphorylase and uridine kinase or in the direct
conversion by orotate phosphoribosyl transferase. 5-FUMP can undergo two successive

phosphorylations to give 5-fluorouridine-5'-diphosphate (5-FUDP) and then 5-FUTP, which



16

can be incorporated into RNA and an impairment of protein synthesis instead of uridine-
5'-triphosphate (UTP). 5-FUTP can also be conjugated to sugar giving 5-FU-nucleotide
sugars (5-FUDP-sugars).

The other way leads in two stages by thymidine phosphorylase and thymidine
kinase to the formation of 5-FAUMP. 5-FAUMP inhibits synthesis of thymidine-5'-

monophosphate (dTMP) by inhibition of thymi e synthase. If combined with folinic acid

(FA), the growth inhibitory effects of by stabilization of the ternary
netetrahydrofolate (Me-THF),

one of the intracellular metabolit { nged.time period. Thus, the inhibition

of synthesis of dTMP is enh dlling by impaie ent of DNA synthesis is
increased
5-FUDP and 5-FAUMP, ‘ ‘g( T . O-fluoro-2'-deoxyuridine-5'-

diphosphate (5FAUDP), whi dUTP. 5-FAUTP acts as a

substance for DNA polymeras

e/ co ated into DNA. Fig. 3 shows

anabolic route of 5-FU.

The Catabolic route

After admlmstratlon 5 FU, more than 80% of the mﬂted dose is degraded
according to the sc ﬁ iﬁ gradation occurs
very rapidly under’@urgl ?[ﬂﬂ EJ 1&3 (DPD), 5-FU is
catabolised to 5,6- -5-fluorouracil Is the rate
at which 5- Fa ﬁﬂl féﬂ ﬂjm Lil«ﬁiiﬁﬂﬁ ﬁd -fluoro- -
ure|doprop|on|c acid (FUPA). A third step leads to the formation of O-fluoro- ﬁ alanine

(FBAL), the major catabolite of 5-FU. Fig. 4 shows catabolic route of 5-FU.
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Abbreviations  : 5-FUrd = 5-fluorouridine ; PRPP = 5™-phosphoribosyl-1 -pyrophosphate ;
5-FUMP = 5-flourouridine-5-monophosphate ; 5-FUDP = 5-fluouroruidine 5'- diphosphate ;
5-FUTP = 5™-fluorouridine-5*triphosphate ; 5-FUDP-sugar = 5-FU-nucleotide sugars ;

5-FdUrd = 5-fluoro-2™-deoxyuridine ; 5-FAUMP = 5-fluoro-2'-deoxyuridine-5"-monophosphate ;
5-FAUDP = 5-fluoro-2'-deoxyuridine-5'-diphosphate ; 5-FAUTP =5-fluoro-2’-deoxyuridine-5'-
triphosphate; dUMP = 2'-deoxyuridine-5-monophosphate ; dTMP = thymidine-5 "-monophosphate
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Figure 4 “catabolic pathway of 5-fluorouracil

Abbreviations  : 5-FUH2 = 5,6-dihydro-5-fluorouracil ;

FUPA = a—ﬂuoro—ﬂ-ureidopropionic acid ; FBAL = a—ﬂuoro-ﬂ-alanine ; F = fluoride ion ;
FMASAId = fluoromalonic acid semi-aldehyde ; FHPA = 2-fluoro-3-hydropropionic acid ;

Facet = fluoroacetaldehyde ; FAC = fluoroacetate
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Elimination

Following IV administration, 5-FU was rapidly changed intracellular to active
metabolite. The quantities of 5-FU was rapidly clear from plasma. The plasma elimination
half-life average about 16 minutes (range 8-20 minutes) and is dose dependent.
Approximately 90% of a dosage of 5-FU is eliminated by metabolism (catabolism
>anabolism), although less than 10% undergoes renal excertion. A small portion of 5-FU

is anabolized in the tissue to 5-fluoro-2-deoxyuridi then to 5-fluoro-2-deoxyuridine-

5-monophosphate, the active met ite o he rate-limiting step in the

degradation of 5-FU involvew

dehydrogenase (DPD). DPM rimid stehas uracil, 5-FU, to the
dihydropyrimidine form. DP i N -

including the liver, GI mucosa
the size of organ, the liver h ' fota antént'of DF n the body and is a major
site of 5-FU catabolism. The ites are- ‘-j; ted atory carbon dioxide and
as urea, alpha-fluoro-beta-ala Uore-bet guahi proprionic acid in urine.

Following a single IV dose of 5-F

approximately 16% IV dose is excreted in urine

within 6 hours; over 90% of this is ex o8

Correlation between DPD

In humans, the clearanéesof 5-FU is goverried by the activity of DPD, an enzyme

that indirectly influe@suﬂm’gmnf%} ﬁla I gj%ais . DPD enzymatic
Y

activity is a labor-intensive assay that has’ generally limited its availability to research
laboratories. Qeﬁabap\%ﬂeg W aad %q:{lgtyﬂ 'T&It'a"‘a g&’eral study
population, singe the coefficient of correlation between DPD activity in lymphocytes and 5-
FU plasma levels is only 0.34. Di Paolo et al. has reported only two from five patients with
grade = 3 toxicity were abnormally low DPD level while DPD level in the remaining three

patients were superior to the cutoff value of 100 pmol/min/mg in partial DPD deficiency.s'57
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Mechanism of action

From the metabolism of 5-FU gives rise to 5-FUTP. The atom of fluorine replacing
the hydrogen on position 5 of uracil is of comparable size and during transcription, this
fluoronucleotide thus mimics UTP and is recognized by RNA polymerases. This lead to
the incorporation of 5-FU in all classes of RNA. It is thought that the full cytotoxicity stems

from a combination of the numerous modlflcatlons of RNA due to incorporation of 5-FU

as the methyl donor. TS and 2#de fir ophe e(dUMP) from a ternary
complex, which enables t ‘ roon 5 of dUMP to form

position of 5-FAUMP is much mére tightly bound: hydrogen. The enzyme is then

trapped in a slowly reversibler_,tgmaqiﬁ ol ation of dTMP is therefore

replication and repair. The

57-58, 62-63

j toxic S inhibition may activate
Y

programmed cell death pathy

Limitations of the Ac@yug!luq ‘VI EJ (V] ‘j w ﬂ ’] ﬂ ‘j
The aa mfla ﬁrﬂkﬁlmltumtlgd wbﬂ l:lrawtﬂ -FUH,, via

the action of enzyme DPD, the first enzyme in the catabolic cycles of 5-FU. It has been

S.

demonstrated that this enzyme deactivates more than 85% of the injected dose of 5-FU.
Little drug is thus left for anabolism. Moreover, there is considerable variability in the
activity of this enzyme between both normal and tumor tissues within one patient and

among different patients.
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There are also several other determinants of cellular sensitivity to 5-FU. Among
these, the activity of enzymes involved in 5-FU anabolism, the level of TS activity or
expression, the size of intracellular reduced folate and endogenous dUMP pools, the
extent of 5-FUTP incorporation into RNA and 5-FAUTP into DNA, and the intratumor
activity of DPD have been identified as important in determining response to 5-FU

chemotherapy in patients.ews

Effect of 5-FU

The toxic effects of 5-F
effects are on the bone mar gastro-intestin tract. Toxicity is schedule
dependent: reducing the rate

associated with less hematologi i _: >rease gastro-intestinal toxicity and

hand-foot syndrome. Gastr ) y also be exacerbated if 5-FU is given
with FA.*7*° |
Gl Effects

Anorexia and nausea ammm . > effe .FUU, and vomiting occurs
frequently. These reactions ly occt ‘5 herapy, can often be
alleviated by antiemetics, a@ y SU In 2 or ﬂiays following therapy.

Stomatitis is one of the most €ammon and oftentthe earliest Sﬁ of specific toxicity,

opear 5 ary bbb Bl bbb b 1 10 o oy o

therapy. Diarrhea, WhICh also occurs freguently, usually appears slightly later than
stomatts, b pdfbed GO ekl biched plelombh. Edoonaoits
proctilis, and G‘iulceratioﬁ and bleedihg haQe Vbeen reported, and paralytic ileus occurred
in two patients who received excessive dosage. Patients must be closely monitored for
adverse Gl effects. There is some evidence to suggest that the risk of Gl toxicity may be
increased in patients receiving 5-FU concomitantly with FA but additional study and
experience are necessary to further elucidate the .toxic potential of such therapy a Gl

syndrome
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Hematological Effects

Leucopenia, predominantly of the granulocytopenic type, thrombocytopenia, and
anemia occur commonly with 5-FU therapy; leucopenia usually occurs after an adequate
course of 5-FU therapy. Pancytopenia and agranulocytosis also have occurred. The nadir
of the white blood cell count usually occurs from the 9" to the 14" day after therapy is

initiated but may occur as late as the 25" day after the first dose of 5-FU, and counts

usually return to normal after about 30, ¢ s, /: imum thrombocytopenia has been

reported to occur from the 7" to 17 “imatologic recovery is usually rapid

and by the 13" day, blood cell co

Dermatologic Effects

Hair loss occurs frequ nifican RECI SO occurred. Regrowth

the extremities and less frequently on the] This ash is generally reversible and
P .,‘f..fa‘_, L

associated with admlmstratloﬂy prolo siorﬂof high dose 5-FU, the

rash may also occurred followmq.-bolus doses. Thes ffects referred to as palmar-plantar

imossvess oy B Y] T ) e o

gradually dlsappear r 5-7 days after‘dlscontlnuatlon of 5-FU, bu ddmg oral
pyridoxine haﬁ W@M ﬁﬁmeﬂ%qmﬁ Qhaiirl\atologlc
manifestation of -FU have included dry skin and fissuring, diffuse erythema, scalling and
photosensitivity manifested by erythema or increased pigmentation. Exposure to strong

sunlight may intensity skin reactions to the drug.
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Nervous System Effects

Central neurotoxicity, including cerebellar ataxia, confusion, disorientation, and
emotional lability is reported to occur rarely in patients receiving 5-FU. The incidence may
be increased with high dose or intensive regimens. Patient with disorders of pyrimidine

metabolism may be at increased risk of neurotoxicity.

Ocular Effects \ ’ ,y
Lacramination, dacryostenes ual haé photophobia have been
reported in patient receiving V

Cardiovascular Effects

Life-threatening cardiotoxici nias, L achycardia, and cardiac
arrest, secondary to transmur N report \~ occur in 0.55% of patients

given 5-FU. The incidence in i S severe toxicity associated with coronary
i a1

artery spasm may be higher. Pre-existifig-heart dis > or mediastinal radiotherapy may
T IR
be increase the risk as dose administration by pre ion,.but symptoms can be

r
e

occurred by these risk ;";;'l___.,_,,_,.___“ ch

y

‘o 7
Rarely, anaph@xllangj g:;ezllz;] l.llgg reactl;tn]s’r]ave occurred in patients
[ 1
dose of 5-FU, hich*usually was'n c anie e strable’i tion, has

been reported. Epitaxis, thrombophleblitis, and vein pigmentation also have been

Other Adverse Effects
L7

reported.

Adverse effects of 5-FU is shown in table 2.
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Table 2 Adverse effects of Fluorouracil®
ORGAN SITE | SIDE EFFECT ONSET 1
Pardiovascular Ilasymptomatic ECG changes (67%) | l
"angina pectoris (2-3%) | I
entral nervous system llacute cerebellar syndrome (rare) Eand D ,
r "acute encephalopathy (rare) EandD j
ldermatologic Ilalopecia (mild) E l
hyperpigmeh, ior ed) E ]
rash (e itie metim E I
nail CRANGESe | E
phot i : K E
pal | re yse t E
yndrome -'i ﬂﬁ
radiatioh re€a g‘@cté@: re) ! I
emd, n rosis“' topicalapplicati land E
lgastrointestinal mild pausga and ﬁw}?‘ [
tomatits Jlx“‘f-"?-';" E
ﬂlearrhga = ;{;"ﬁ-" u{f | X E
hematologic 7. E
yS
i nosuppression E
Ihypersensitivity

linjection site

focular

llconjunctivitis

ntear duct fibrosis

Dose-limiting side effects are underiined.
E = early (days to weeks);

D = delayed (weeks to months); L

I = immediate (onset in hours to days);

= late (months to years)
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Schedule Dependence

The activity and toxicity of 5-FU is depended on dosage and time of
administration. Bolus injection of 5-FU inhibits DNA synthesis whereas continuous infusion
may be inhibits of thymidylate synthase. Bolus injection is eliminated by saturated
metabolism that is showed nonlinear relationship between dosage and plasma

concentration. It is difficult to predict a change in blood concentration. In contrast, when

elimination rate is similar to bolus inj urated metat may occurred.

It was known that sion showed non-linear

: N\
pharmacokinetic ~ while i fus h “ sho linear pharmacokinetic.
Pharmacokinetic paramete osage and duration of

administration as shown in Ta

F’T‘LJEI’MB'V]?WEHT]‘?
QW’lﬂ\ﬂﬂimN‘WﬂﬂEﬂﬂﬂ
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Monitoring AUC

Thyss et al. has described the significant relationship between area of the 5-FU
plasma concentration-time curve and toxicity of chemotherapy in 29 non-metastases
patients who received cisplatin in first day and followed of continuous intravenous infusion
5-FU for five days. They found a close relationship between 5-FU AUC, ,. of patients
more than 1800 mg/L.min and the prevalence in signs of toxicity. The limitation of this
study was that patients received two chen apeutic agents. * Therefore it is not
possible to identify the agent that ed adverse feactions. Later, Gamelin et al.
studied pharmacokinetics of 5-FU in fo : &nts who received 8 hours

50 mg/m2 every 3 weeks

continuous infusion in a dose
combined with fixed dose le FU efficacy. This study
has shown that optimal th I \UC and concentration at
steady state (Css) are 960- _ ‘espectively. The risk of
toxicity is related to AUC,, Q0 me L.min Ss more than 3 mg/L. Most
studies showed pharmacokinetic: : (-4 uous infusion but only a few
studies provided pharmacokinetic ! | f 53 engiven either in bolus or short
n_intravenous infusion and 2 min
bolus injection of 5-FU 500, fig/n ge AUC 50 on/énd short term infusion
were 6158 + 874 lmol/L. M 1‘ + 428 Umol/L.min

(436.48 + 55.68 mg/L.min), raectively. AUC of 5-FU from diﬁ&nt trial were shown in

ﬂﬂﬂﬂ‘l’lﬂﬂ‘ﬁwmﬂ‘i
qmmnim UAIAINYIA Y

table. 4.
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Table 4 5-FU AUC from varies regimen
Author Regimen AUC (mg/L..min)
Larsson et al. 500 mg/m2 bolus 2 min weekly 801.16+113.71 mg/L.min

500 mg/m2 short infusion 20 min weekly 436.48 +£55.68 mg/L.min

Gamelin et al. 1000 mg/m2 continuous infusion 8 hr | 960-1440 mg/L.min

weekly increased 250 mg every 3 wk

Di Paolo et al. 370 mg/m2 bolus 5 day \4 5565+37.8 mg/L.min

Grem et al. 425 mg/m”® 1 hr.5 day every 4 \véel 272.4+ 130.2 mg/L.min

cell. Whole blood is an

5-FU was detectable i i, pla p\ 2d bloog
LE )\

ideal matrix for 5-FU concentr ing-Because higher levels are attained, no
\s\ , owever, 5-FU is not stable
in whole blood. So it is recommend : =5 ¢ 2 for @analysis should be placed on

ice and determined 5-FU concentratio possible. Red blood cell is used

complicate process and re es 2 preparing. While plasma

takes only one process and @ imil : Whole blood and more

stable until analysis. In thiﬂstudy, plasma s atrix &d to measure 5-FU

AULININTNEINS
AMIANTUNNING I

z 68
concentration.
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