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Summary. Combined haemoperfusion, haemofiltration
and haemodialysis (HPFD) was examined for its systemic
effect on 5-fluorouracil (5-FU) kinetics after locoregional
application to one female patient with liver metastases of a
colon carcinoma. During each HPFD treatment, which
lasted 4 h, 5-FU was given via a port-a-cath system into the
hepatic artery on 4 separate days. The HPFD extraction
rate was 99%. Extracorporal 5-FU clearance (89 ml/min)
was 9% of total body clearance (1094 ml/min). The frac-
tion eliminated within 4 h was only 6% of the applied dose
(3500-4000 mg 5-FU). Sufficient extracorporal detoxifi-
cation during combined HPFD can thus not be guaranteed
in locoregional chemotherapy with a high dose of 5-FU.

Introduction

Locoregional application of cytostatics may increase the
response rate of tumours and decrease the therapeutic risk
[10]. The locoregional cytostasis can be dosed even more
effectively without increasing the rate of side-effects, if the
fraction of the cytostatic reaching the systemic circulation
can be immediately eliminated [1, 7, 11].

Extracorporal detoxification with combined haemoper-
fusion, haemofiltration and haemodialysis (HPFD) was ex-
amined for its effect on 5-fluorouracil (5-FU) kinetics in a
female patient with liver metastases of a colon carcinoma.

Patients and methods

Patient. The 59-year-old woman was hemicolectomized in February
1988 because of an adenocarcinoma of the descending colon. In Novem-
ber, the radiological examination raised suspicion of one pulmonary
metastasis and sonography that of two hepatic metastases (1 and 2 cm in
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diameter). During laparotomy in February 1989, three metastases were
detected in the right and one in the left liver lobe so that resection was not
carried out. Instead, a port-a-cath system was inserted in the hepatic
artery for locoregional chemotherapy (12x 1 g 5-FU for 90 min) and
percutaneous irradiation was performed (12x2 Gy for 1-2 h). This
treatment lasted 3 weeks and was repeated every 2 months.

Owing to a progression of the liver metastases in the presence of an
otherwise good general condition (76 kg body weight, 170 cm height)
and unchanged lung findings, the decision was made to carry out a
high-dose locoregional cytostasis during concomitant extracorporal
detoxification in order to prepare the patient for possible resection of the
right liver lobe. Except for an increased alkaline phosphatase (243 U/),
the patient had normal laboratory values (leucocytes 9.1/nl, haematocrit
41 1/1, haemoglobin 14 g/dl, thrombocytes 127/nl, serum aspartate
aminotransferase 9 U/l, serum alanine aminotransferase 12 U/l, creat-
inine 95 umol/1).

Haemoperfusion, haemofiltration and haemodialysis. To perform com-
bined haemoperfusion, haemofiltration and haemodialysis (HPFD), a
double-lumen Shaldon catheter was placed into the right internal jugular
vein. Haemodialysis was done with controlled ultrafiltration and an
additional biofiltration programme (Monitral Hospal). A high-flux dialy-
ser with a polysulphone membrane was used (F60, Fresenius). A resin-
coated charcoal haemoperfusion cartridge (Hemosorba CH-350, Ashai)
was interposed into the dialysis system prior to the dialyser. Haemofiltra-
tion of 4000 ml filtration solution (HF/41 4500 ml, Fresenius) was done
in addition to haemodialysis and haemoperfusion. HPFD with a blood
flow of 200 ml/min, a dialysate flow of 500 ml/l and heparinisation of
2000 U/h was carried out for 4 h each.

Cytostasis. A dose of 200 mg/m? folic acid was given intravenously as a
bolus (400 mg) 10 min before dialysis was started. The dose of 3500—
4000 mg 5-fluorouracil was administered by continuous infusion. The
5-FU infusion was applied in the hepatic artery via the locoregional
port-a-cath system for 2.5-3.5 h (150-210 min) during the 4-h HPFD
treatment.

5-Fluorouracil measurement and calculations. During dialysis, between
three and five blood samples were taken at different time intervals, each
of them simultaneously from the arterial and the venous line of the
dialysis system (Fig. 1). The samples were taken in heparinized 5-ml
syringes, sealed air-tight, centrifuged (15000 rpm) and deep-frozen at
—20°C. The concentration of 5-fluorouracil was determined by high-
pressure liquid chromatography (HPLC) in a specialized laboratory
(Prof. Gundert-Remy, Federal Health Agency, Berlin). HPLC was car-
ried out with an ODS-hypersil-coated chromatography column at a wave
length of 254 nm [3].
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Fig. 1. Course of the 5-fluorouracil concentration (5-FU) in combined
haemoperfusion, baemofiltration and haemodialysis (HPFD). Each
HPFD was performed for 4 h and 5-FU was given as a continuous
infusion in the hepatic artery via the port-a-cath. The concentrations were

Total body clearance (Ciot) was calculated from the plasma concen-
tration (css) at the end of continuous infusion and from the infusion rate
(D/t) of 5-FU (Ciot = [D/t)/css), where D is the applied dose. The extrac-
tion rate (E) was calculated from the difference of the concentration in
the arterial (car) and the venous (Cven) line [E = (cart ~ Cven)/cart]. The
extracorporal clearance (Cuprp) Was calculated from the extraction rate,
the blood flow (@) and the haematocrit (Hy) value (Cuprp = Q Hi E). The
total eliminated amount (Rauc) was calculated from the area under the
concentration/time curve (AUC,) and the clearance (Cyprp) of the system
(Rauc = Currp AUC). AUC: was determined according to the trape-
zoidal rule.

On day 4, the 5-FU dose was infused within 2.5 h and three succes-
sive concentrations were measured to calculate the elimination rate con-
stant (k) by In-linear regression from the drop in blood levels after the
end of infusion. The elimination half-life (¢1/2) was calculated from the
elimination rate constant (f12 = 0.693/ke). The distribution volume (Va)
was calculated from the total body clearance and the elimination rate
constant (Vg = Cuovke). At the third HPFD, venous blood was withdrawn
after the haemoperfusion cartridge and before the dialyser yielding the
exclusive extraction rate of the haemoperfusion cartridge.

In addition, several dialysate samples were obtained. The dialysed
amount (Raiar) was calculated from the concentration in dialysate (cdiar)
measured at several time intervals (Af;) during the duration of the dialysis
() and the flow (Quiar) of the dialysate [Raia = Z(caial Qaial A%i)], Whereby
Z(Az) = t. The difference of the total eliminated amount and the amount
eliminated in the dialysate corresponds with the amount absorbed (Rabs)
on the charcoal cartridge (Raps = Rauc — Rdial).

The total eliminated amount (Rauc) was related to the applied dosage
(D) to determine the eliminated fraction (f) as the measure of effectivity
(fr = Rauc/D).
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system. On days 4 and 6, the arterial concentrations were in the toxic
range (>3.0 mg/1)

Results

A total of four locoregional 5-FU applications were done
during concomitant HPFD on day 1, day 2, day 4 and day 6
(Fig. 1). The total body clearance (Ciot) was 1094 ml/min,
the half-life (t1/2) was 19 min, the distribution volume (Vy)
was 21 1, the extracorporal clearance (Cuprp) Wwas
89 ml/min and the eliminated fraction (fR) was 6% (Table 1).

The patient had a pancytopenia (leucocytes 1.1 /nl, ery-
throcytes 2.6/pl, haemoglobin 9.8 g/dl, thrombocytes
14 /nl) and mucositis 1 week after the last application,
from which she recovered only 3 weeks later. Computer-
ized tomography revealed a decrease in the size of the
metastases in the right liver lobe. The single metastasis in
the left liver lobe was no longer detectable. However, a
resection of the right liver lobe could not be carried out
because of the poor general condition of the patient. The
patient was discharged 8 weeks after treatment. She died
10 months later from a progression of the malignant dis-
ease.

Discussion

The antimetabolite 5-fluorouracil (5-FU) affects tumour
cells by influencing different RNA functions [8]. Fluoro-
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Table 1. Pharmacokinetic parameters of S-fluorouracil (5-FU) after continuous locoregional intrahepatic application and combined haemoperfusion,

haemofiltration and haemodialysis (HPED) for 4 h

Parameter Day 1 Day 2 Day 4 Day 6 Median
Dose D (mg) 3500 3750 4000 4000 3875
css (mg/l) 32 13.9 25.1 21.1 17.5
Total body clearance Ciot (ml/min) 5208 1285 759 903 1094
t12 (min) 19.1 19.1
Va(D) 20.9 20.9
Extraction rate £ 0.98+0.04 0.99 0.99+0.05 0.99+0.01 0.99
Extracorporal clearance Cuprp

(ml/min) 89 £35 89 88 +2.5 8% =*1 . 89
AUC (min mg/l) 370 1824 3894 3409 2617
Rauc (mg) 33 163 346 305 234
Rdial (mg) 0 21 18 39 21
RaudD (fr) 0.01 0.044 0.087 0.076 0.06

uracil (1 mg = 7.53 uM) is quickly metabolized by the
liver after intravenous application. Total body clearance is
normally 1000 ml/min, the half-life 18 min and the distri-
bution volume 18 1[5]. Protein binding is 0% and dialysa-
bility was given as 37% [6]. Non-toxic plasma concentra-
tions were between 0.5 mg/l and 3.0 mg/l [3]. There is a
linear correlation between the myelotoxic sideeffects of
5-FU and the area under the concentration curve (AUC) in
the systemic circulation [5]. 5-FU cardiotoxicity, which is
not dose-dependent, is an additional risk [4].

It was unknown whether extracorporal 5-FU elimina-
tion would be most efficient by haemoperfusion, haemofil-
tration or haemodialysis. Therefore combined HPFD
detoxication was applied to obtain the maximal efficacy. It
has been shown for methotrexate detoxification that the
efficacy of combined haemodialysis and haemoperfusion
is superior to that of either method alone [9]. Combined
HPFD had only a limited effect on 5-FU elimination.
HPFD could not reduce the systemic toxicity of 5-FU in a
locoregional cytostasis. Extracorporal clearance was only
9% of the total body clearance. Despite an HPFD extrac-
tion rate of 99% for 5-FU, only 6% of the the applied dose
is actually eliminated, the most important fraction (9/10)
being eliminated via the charcoal haemoperfusion car-
tridge. .

An additional problem was that just a 1.25-fold increase
of the dose led to a 10-fold increase of the area under the
curve, resulting in an overdose with considerable systemic
side-effects. Unfortunately, no 5-FU concentrations were
measured on days 4 and 6 before the start of 5-FU infusion.
But after cessation of 5-FU infusion (day 4) the blood
concentration rapidly decreased (0.3 mg/l). No 5-FU was
given on day 3 and day 5. Therefore, the high 5-FU con-
centrations (days 4 and 6 at 10 min and 15 min respec-
tively), must be explained by saturation kinetics, not accu-
mulation kinetics. Such saturation kinetics of hepatic 5-FU
elimination occurs at concentrations of more than 3.0 mg/l
and a dose of more than 4000 mg/24 h [2, 13].

Further efforts must be directed towards adjusting the
5-FU dose to the extracorporal detoxification and defining
the maximum tolerated dosages. The prerequisite for such

a therapy, however, is a therapeutic drug monitoring and
rapid availability of the cytostatic blood level within 24 h.
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