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Summary. The study described herein was conducted to 
analyze the relationship between tumor exposure to 5-FU 
and clinical response. Six patients were placed on continu- 
ous 5-day intrahepatic 5-FU chemotherapy for colorectal 
cancer metastasized to the liver. The starting dose was 
600-800 mg /m 2 per day; cycles were repeated at 4-week 
intervals. The 5-FU dose was increased by 250 mg/day  at 
each cycle. All six patients received 3 or more cycles, for a 
total of 37 cycles. Response was evaluated after each cycle 
by ultrasonography or computed tomography (CT). Phar- 
macokinetic data revealed a high individual cycle-to-cycle 
variability for all six patients in the 5-FU area under the 
curve (AUC day 1 to day 5) corrected for the dose. These 
variations in drug biodisposition, reflecting hepatic 5-FU 
uptake, were significantly related to measurable modifica- 
tions in the tumor mass in 71% of cycles. The correlation 
between the reduction in local drug exposure and tumor 
regrowth was better than that between the increase in local 
drug exposure and tumor reduction. These findings consti- 
tute an original illustration in humans of the experimental 
concept of the drug exposure/tumor response relationship 
for 5-FU. 

Introduction 

Although response rate (20%) of colorectal cancer to 
chemotherapy with 5-fluorouridine (5-FU) is far from sa- 
tisfactory [6], 5-FU and other fluoropyrimidines remain 
the most effective drugs for this pathology [12]. Metastasis 
to the liver occurs with disease progresion, and intra-arte- 
rial hepatic (IAH) chemotherapy with 5-FU is increasingly 
being used in attempts to improve the response rate and 
survival for such patients [2, 17]. The principle behind this 
therapeutic approach is local overexposure of  tumor tis- 
sues to the drug, with concomitant systemic reduction of 
circulating cytotoxic drug levels [5]. In a recent pharmaco- 
kinetic study on locoregional 5-FU chemotherapy for co- 
lorectal cancer, we reported high intra- and interindividual 
variations in the systemic passage of this antimetabolite [4]. 
It was thus felt that a retrospective analysis of the possible 
repercussions of individual variations in local drug expo- 
sure for tumor response would be worthwhile. A total of 
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37 cycles of IAH chemotherapy with increasing doses of 
5-FU were thus analyzed;these were administered to six 
patients being treated for liver metastasis from colorectal 
primary tumors. 

Materials and methods 

Six patients (5 men, 1 woman; mean age 67 years, range 
62-74) who had liver metastases from colorectal cancer 
and had not previously been treated with chemotherapy 
were entered in the study. Liver lesions were assessed 
monthly by ultrasound and every 2 months by CT scans. 
We did not observe any major differences in the results 
obtained with these two imaging techniques. The tumor 
mass was expressed as the mean of the products of the two 
longest perpendicular diameters of all measurable metas- 
tases. None of the six patients had any extrahepatic metas- 
tases. 

Pretreatment biological parameters for all patients 
were as follows: bilirubin < 1.5 mg/dl,  WBC 
>3000/mm 3, platelets >100000/mm 3, ECOG perfor- 
mance status _<2. Catheterization of the gastroduodenal 
artery was performed surgically using an implantable port 
(Port-a-Cath, Pharmacia, France). Angiography was 
performed prior to each cycle to verify the position of the 
catheter. 

5-Fluorouracfl (Roche, France) was administered con- 
tinuously over a period of 5 days using an external infu- 
sion pump (Fresenius, France); the cycle was repeated 
every 4 weeks. The initial dose of 600-800 m g / m  2 per day 
was increased at each cycle by 250 mg/day  or more, de- 
pending on clinical and hematological tolerance. 

The hepatic tumor mass of each patient was evaluated 
by the same investigator (JNB) before the start of each cy- 
cle. The following blood tests were also performed: liver 
enzymes, bilirubin, CEA, WBC, RBC, hemoglobin and 
platelet count. Blood samples were obtained by venous 
puncture at 8 a. m. and 5 p. m. on every day of each cycle. 
This twice-a-day sampling procedure was selected with a 
view to patient comfort and on the basis of personal obser- 
vations (unpublished data) showing that plasma levels of 
5-FU were stable between morning and evening when con- 
stant-flow-rate pumps were used. Samples were collected 
in EDTA tubes and centrifuged immediately; the super- 
natant was stored at - 2 0 ° C  until analyzed. 5-FU was 
quantified by a specific HPLC method [4] using 5-fluoro- 
cytosine as the internal standard. 
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The area under  the curve (AUC)-was calculated by the 
t rapezoidal  rule from 5 p. m. on day 1 to 5 p. m. on day 5. 
A total  of  37 cycles were analyzed;  patients received an av- 
erage of  6 cycles (range 3-11) .  All  patients were evaluable 
for hepat ic  tumoral  response at the start of  each cycle. 

In order  to analyze the relat ionship between individual  
var ia t ion in tumoral  exposure to 5-FU and modif icat ions  
in the tumor  mass, the following parameters  were def ined:  

A U C / d o s e  (n) 
Q A U C ( . . .  + 1) = A U C / d o s e  (n + 1) 

v (n) 
Qv(n,n+l)-  V ( n  + 1) 

Where  A U C / d o s e  (n) is the area under  the curve for the 
systemic drug concentrat ion from 5 p. m. on day 1 
to 5 p .m .  on day 5 of  cycle n, corrected for the 
dose 

and V (n) is the tumoral  mass after adminis t ra t ion  of  
cycle n, evaluated 4 weeks after and  just  before the 
start of  cycle n + 1 

With due considerat ion for analyt ical  inaccuracy in A U C  
determinat ion  (5%) and tumor  mass evaluat ion (10%0), a 
Q A U C  (n, n + 1) of  0.9 or less from cycle n to cycle n + 1 indi-  
cates a decrease in local exposure to 5-FU from cycle n to 
cycle n + 1 while a QAuc (n,. + i) of  1.1 or  more indicates 
an increase. 
A Qv(n,n + 1) o f  0.80 or less is considered to reflect an ob- 
ject ive increase in the hepat ic  tumoral  mass from cycle n 
to cycle n + 1. A Qv(n,n + 1) 1.20 or more is considered to 
reflect an objective decrease. 

In theory,  the correct individual  associat ions are: 
Q AUC(n,n + 1) --<0.9 and Qv(n,n + 1) _<0.80 = reduct ion in 

the local exposure to the drug from cycle n to cycle 
n + 1 and an increase in the hepat ic  tumor  mass from 
cycle n to cycle n + 1 

Q AUC(n,  n + l) >_1.10 and Qv(n,n + 1) >-- 1.20 = increase in the 
local exposure to the drug from cycle n to cycle n + 1 
and a decrease in the hepat ic  tumor  mass from cycle n 
to c y c l e n  + 1 

Associat ions were evaluated statistically using the null 
hypothesis  test, with No = 0.5 (frequency of  r andom asso- 
ciation) according to a b inomial  law. 

Results 

Figure 1 allows compar ison  of  the variat ions of  individual  
5-FU disposi t ion and hepat ic  tumor  mass for all pat ients  
and  all cycles. In the major i ty  of  cases, evolution of  the 
area under  the curve corrected for the dose ( A U C / d o s e )  
f luctuated during the course of  treatment.  Al though the 
var iabi l i ty  in systemic drug evolut ion appears  to be inde- 
penden t  of  dose, the ampl i tude  of  var ia t ion is par t icular ly  
marked  fol lowing high 5-FU doses. The tumor  mass is 
modi f ied  by treatment,  and such modif icat ions  are global-  
ly similar  to those observed for the A U C / d o s e .  Figure 2 il- 
lustrates the associat ion between an individual  change in 
local exposure to the drug from one cycle to the next 
(QAuc) and the var ia t ion in tumor  mass observed during 
this same per iod  (Qv)- 
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Fig. 2. Individual associations between variations in AUC/dose 
from cycle to cycle (QAuc) and evolution of tumor mass (Qv). 
Shaded area: low-accuracy data (see Materials and methods). 
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Fig. 1. Concomitant individual evolu- 
tions of AUC/dose and hepatic tumor 
mass for all patients and all cycles 
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Of the 31 modifications available for analysis only 21 
could be interpreted, in view of the previously defined res- 
trictions concerning accuracy in AUC and tumor mass 
measurement, and 15 (71%) of these 21 associations were 
correctly related (P<0.05). The figure obtained when all 
cycles were considered without this measurement restric- 
tion is similar: 21/31, i. e., 68%. The association was better 
between a reduction in local drug exposure (QAuc<0.9) 
and an increase in hepatic metastasis (Qv_<0.8) (9/10 
cases, P<  0.01) than in the opposite situation (QAuc > 1.1, 
Qv > 1.2; not significant). 

Discussion 

During the pharmacoclinical follow-up of 37 cycles of 
IAH 5-FU chemotherapy with dose escalation, a consider- 
able intra- and interindividual dose-dependent variability 
was observed in systemic passage of the drug (AUC). The 
variability of 5-FU pharmacokinetics has recently been re- 
ported in connection with high drug doses administered by 
i.v. perfusion [15]. Our findings show that the liver is 
largely responsible for this variability. Nevertheless, the 
actual cause of this relative instability in local drug extrac- 
tion during treatment remains hard to explain. All six 
patients had implantable ports, and the drug was thus 
perfused under the same local delivery conditions for all 
cycles. 

Like other authors [8], we have established [4] that IAH 
5-FU infusions result in elevated extraction rates (>90%) 
that are saturated at high doses. The variability in hepatic 
drug extraction might thus be the result of a reversible sat- 
uration phenomenon. An individual modification in the 
hepatic arterial flow rate might also play a significant role 
in the degree of presystemic uptake of such a highly ex- 
tracted drug as 5-FU [13]. 

It is also difficult to determine the respective roles of 
the normal liver parenchyma and the tumor tissue in glo- 
bal hepatic 5-FU extraction, but it is well known that the 
hepatic artery primarily supplies the tumor area in cases of 
liver metastasis [1]. Previous investigators have observed a 
positive correlation between 5-FU bioavailability and re- 
sponse in patients with metastatic colorectal cancer treated 
by i. v. infusion [10, 16]. We failed to find such a correla- 
tion for head and neck cancer patients treated with cis- 
platinum plus 5 days of 5-FU [18]. These previous studies, 
however, were not methodically satisfactory, which pre- 
cluded significant conclusions: the nature of the tumor tar- 
gets was not uniform, and neither were the treatment itself 
(5-FU + methyl CCNU (10)) and the form of 5-FU ad- 
ministration [16]. 

The present study is based on analysis of the individual 
modifications in drug uptake at each cycle as a function of 
the subsequent evolution of a measurable target. Systemic 
passage of 5-FU after IAH administration is assumed to be 
a representative parameter of presystemic hepatic uptake 
in view of the high hepatic extraction rates reported. 

On an individual cycle-to-cycle basis, a significant, 
positive association was noted between a variation in the 
AUC, which indirectly reflects a change in local drug re- 
sponse, and a modification in hepatic tumor size measured 
4 weeks later. Changes in the systemic disposition of the 
drug were thus correlated with variations in tumor mass. 
These findings constitute an original illustration in hu- 
mans of the marked drug exposure/tumor response rela- 
tionship for 5-FU previously established experimentally 

[9, 14]. However, the relationship was less satisfactory for 
increases in tissue exposure to the drug related to regres- 
sion of hepatic metastases than for the opposite situation. 
One possible explanation for this might be a limited ca- 
pacity of the intracellular systems, which obligatorily acti- 
vate 5-FU into its cytotoxic forms [13]. The role of 5-FU 
anabolism must not be overestimated, however; differ- 
ences in the cellular content of active forms of 5-FU 
(FdUMP) have not been shown experimentally to explain 
the variability in 5-FU sensitivity [11]. 

The fact that a reduction in local 5-FU delivery is fol- 
lowed in 90% of cases by measurable tumor regrowth is of 
particular interest. This observation has clinical implica- 
tions, as the decision to reduce individual drug doses, at 
least for 5-FU given for IAH treatment, must be carefully 
weighed against the possibility of tumor 'escape'. Use of 
IAH chemotherapy is increasingly more common, even 
though no superiority over i.v. infusions has yet been 
proven in terms of survival benefit [3]. The various means 
utilized in attempts to increase tissue uptake of the drug 
have recently been reviewed [7]. Our findings reveal that 
determination of the pharmacokinetic behavior of 5-FU is 
justified as a complement to clinical trials for objective 
evaluation of various modalities in IAH treatment by 
5-FU. 

Acknowledgement: To Nancy Rameau for assistance with transla- 
tion. 
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