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Abstract-To er~aluate the best locoregional approach in the treatment of hepatic tumors we 
inr,estigatrd,Ji)ul dzjjitent treatment modalities. Sixofemale Sprague-L)awlq rat3 wre random- 
i:ed to the jbllowir~g treatme,rt groups: (I) untreated control; (2) hepatic artev ligation; (3) 
hepatir a,-tel-,, li<qatio,l plus portal S-FIT chemotherapy; (4) arterial 5-l;‘I: chemothera~p; (5) 
portal 5-Fl’ chemothe)a/;I*. .lll anima1.c receirjed lVor:ikoff hebatoma cells inoculated in the median 
liar lobe. After tumor inoculation animals xere treated according to their randomization and 
Jurger>’ njaj /~e~forrned for repeated tumor size measurements. Through hepatic artery ligation. 
hepatic artegl ligation plu.\ portal 5-F1: infusion as well as thmugh arterial j-FIT infusion a 
sign$rant tumor grou,th inhibition compared to the untreated control could be ac-hielled. The 
portal infusion group elIen Jhoxled an accelerated tumor growth; hou,er,er, thi, effect wa> not 
rign$cant. Ilb contlude that the intraarterial a,bplication in terms of clinical feajibili!? and 
duration qfre~pon~c thould be the preferred approach in lororegional the?-spy of liz’er rnali~~nancie~. 

INTRODUCTION 
I~o~oRkxmw.~ C:mbfwmERAPY is gaining incrcas- 
ing attention in the trcatmcnt of liver tumors [ 11. 
The direct approach to the tumor with a thcorct- 
ically incrcascd concentration of the chcmothcra- 
pcutic agent at the tumor site as \~rll as the utiliz- 
ation of the metabolic capacity of the liver (first- 
pass cffcct) and thr thcrcby dccrcased systemic 
toxicity for some drugs arc the major advantages of 
this trcatmcnt modality. Still it is not clear whcthcr 
the arterial approach is advantageous compared 
with the portal administration of cytostatics in the 
locorcgional therapy of li\:cr malignancies. 

In clinical as well as cxpcrimcntal studies it could 
bc pro\:en that primary and secondary ncoplasms of 
the liver dcrivc their blood supply almost exclusively 
from the hrpatic artcry. On the other hand, particu- 
larly the vital pcriphrral areas of the tumors as well 
as micromrtastases in thr liver which arc caused by 
tumor spread via thr portal vein gain nutrients 
mainly through the portal vein system [2]. It has 
been shown that interruption or diminishing of the 
arterial liver blood supply can influence the gro\vth 
oflivrr tumors 131. Cytotoxic rffccts ofan intraartcr- 
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ial as well as an intraportal chcmoth~rapy have also 
been described [ 41. 

The aim of our study was thrrcfbrc to examine 
the efficacy of the diffcrcnt kinds of locorcgional 
treatment modalitics in a standardized tumor 
model. 

MATERIALS AND METHODS 

.4 nimals 
Fifty to 80-day-old fcmalc SpragueDa\vlcy rats 

wcrc used as rxpcrimcntal animals (Zcntralinstitut 
fir Vcrsuchsticrkundc, Hannovcr. F.K.G.). ‘l’hc 
animals wcrc kept under normal conditions (room 
temperature 22 ? 2”C, rclativc humidity 55 t IO%, 
day-night rhythm of 12 hr). 

All surgical proccdurcs wcrc carried out under 
rthrr ancsthcsia. 

Tumor model 
For this study WC used a transplantable rat liver 

tumor, thr Novikof?’ hrpatoma [ 51. By injecting a 
single cell suspension of Novikoff hcpatoma cells 
into the pcritoncal cavity thr solid tumor can bc 
transformed into an ascitic form. Injecting Novikoff 
ascites cells subcapsular in the liver results in solid 
tumor growth. Novikon‘ hcpatoma ~11s can bc 
stored in liquid nitrogen without dccrcascd trans- 
plantability. All animals rccri\.cd 5 X IO No\,ikoff 
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Fig. 1. Dependence oftumor sizefrom time of implantation 

ascites cells subcapsular into the central liver lobe. 
To avoid a peritoneal contamination with tumor 
cells the injection site was closed with Histoacryl@ 
(B. Braun, Melsungen, F.R.G.). Intrahepatically 
inoculated Novikoff cells produce a spheroid nodule 
which can be measured at the time of surgery. For 
the calculation of tumor volumes both the vertical 
diameters (a$) of the tumor were measured and 
volumes (v) were estimated according to the equ- 
ation 

V= (a X b2)-2. 

Figure 1 shows the dependence of tumor size from 
the time of implantation in untreated rats. 

Treatment groups 
All tumor inoculated animals were randomized 

to the following five groups with 12 animals each: 
1. Untreated control group 
2. Ligation of the hepatic artery 
3. Ligation of the hepatic artcry in combination 

with portal 5-fluorouracil chemotherapy 
4. Arterial 5-fluorouracil chemotherapy 
5. Portal 5-fluorouracil chemotherapy. 

Study design 
On day 0 all animals were randomized to the 

different groups. After randomization all animals 
received Novikoff hepatoma cells intrahcpatically 
as described above. On day 7 after tumor transplan- 
tation all animals underwent laparotomy. At the 
time of surgery the tumor diameters were measured 
and catheters for the administration of chemo- 
therapy were implanted, or hcpatic artery ligation 
was carried out. On the following day continuous 
infusion chemotherapy was started over a period of 
5 consecutive days in groups 3-5. On day 21 after 
tumor transplantation all animals underwent again 
a laparotomy for tumor size measurement. 
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1 Untreated control 
2 Hepatic artery ligation 
3 Hepatic artery ligation plus portal infusion 
4 Arterial infusion 
5 Portal infusion 

1:i.g. 3. Q‘j‘jct of different treatment modalities on tumorgrozrth 

Chemotherapy and drug administration 
Continuous chemotherapy was pcrformcd by an 

external infusion pump (Fig. 2). The application 
technique was dcscribcd by us earlier. 5-Fluoroura- 
cil was used in a dosage of 30 mg/kg/day over a 
period of 5 consecutive days. So the overall dosage 
in all chemotherapy groups was 1.220 mmol/kg. 
The drug was dissolved in saline solution with 25 
I.E. hcparin/ml. 

Hepatic artery ligation 
When ligation of the hcpatic artcry was planned 

we first identified the common hcpatic artcry arising 
from the aorta and preparation of the bifurcation of 
the gastroduodcnal and the proper hcpatic artery 
was performed. After identification of the vcsscl a 
double ligation with 6-O silk followed. 

Statistical analysis 
In the diffcrcnt groups the relation bctwccn tumor 

size on day 7 and 21 after tumor inoculation wcrc 
calculated. For statistical evaluation of the different 
trcatmcnt modalities compared to the untrcatcd 
control group the Wilcoxon rank sum test was used. 

RESULTS 
Elcvcn animals wcrc not cligiblc for evaluation 

for diffcrcnt reasons. Four animals of the untreated 
control group died from tumor progression bcforc 
day 21 of the cxperimcnt. In the ligation group, one 
animal died postopcrativcly, two other animals 
showed anatomic variations of the hcpatic artery. 
In groups 4 and 5 thcrc wcrc two animals in each 
group that showed no hepatic tumor at the time of 
laparotomy for cathctcr implantation. 

The treatment results arc summarized in Table 
1 and Fig. 3. All animals of the untrcatcd control 
group showed an increase in the tumor size during 
the observation period. The relation between tumor 
size on day 7 and day 21 of the cxpcrimcnt was in 





Hepalic Arlerial Infusion Chemo~hera& 

Table 1. Ratio of,bn- andpost-therapeutic tumor volumes: table of indicidunl aalue5 
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Unmated 
control 

13.92 
2.34 

36.00 
86.80 
80.00 
15.60 
89.30 
14.22 

Hepatic 
artq 

ligafion 

1.14 
25.00 
5.72 
0.08 
0.00 

250.00 
0.00 
2.37 
0.00 

Hrpatic artcr? 
ligation + 

portal j-FL’ 

96.00 
6.25 
0.20 
0.02 
0.05 

20.80 
0.16 
5.10 
0.00 
I .6G 
0.00 
0.19 

II 8 9 I2 I 0 III 

Mrdian 25.8 1.11 0.11) 0.76 il.!) 

Confidencr 2.34-89.3 (1.0~25.0 0.02-6.2.; 0.18-1.95 ‘8.0 122.11 

interval 

median times 25.8 ranging from 2.34 to 89.3. In 
the portal infusion group thcrc was even an acceler- 
ated tumor growth compared to the untrcatcd con- 
trol. The median increase of tumor volume was 
54.9. Howcvcr, that effect was not statistically 
significant compared to the untreated control group. 

Following ligation of the hepatic artery four out 
of nine animals developed a more than 50% 
reduction of tumor size compared to prcthcrapeutic 
tumor volumes, three out of nine showed at least a 
tumor growth inhibition whereas two animals did 
not respond to trcatmcnt at all (Table 1). Thr 
median relative tumor size reduction after ligation 
was 1.14. Statistical comparison with the control 
group revealed a significant diffcrcncc (P = 0.036). 

The combination of hcpatic artcry ligation and 
portal infusion of 5-FU gave similar results as 
hepatic artery ligation alone. From 12 animals 
seven showed a more than 50% reduction in tumor 
size. 

The tumor growth inhibition of hcpatic artrry 
ligation combined with portal infusion of 5-FU was 
highly significant compared to the untrcatcd control 
but this treatment was not superior to hcpatic artcry 
ligation alone. Animals receiving intraarterial 5-FU 
infusion therapy also showed an effective inhibition 
oftumor growth. Only one out of 10 animals showed 
no rcsponsc to therapy. The median ratio of prc- 
and post-thcrapcutic tumor volumes was 0.76. The 
difference between intraarterial 5-FU infusion thcr- 
apy and the untrcatrd control was highly significant 
(P = 0.0001). 

In summary-, hcpatic artery ligation, hepatic 
artcr). ligation combined with portal 5-FU infusion 
as well as intraarterial 5-FU infusion showed sig- 

nificant tumor growth inhibition compared to an 
untrcatcd control group. Thcrc was no significant 
diffcrcncc bctwccn thcsc thrrc diffcrcmt trcatmcnt 
modalities. 

DISCUSSION 
The aim of our study was to invrstigatc the 

influcncc of diffcrrnt locorcgional trcatmcnts on 
tumor growth. In rarlicr stud& using thr Novikoff 
hcpatoma model, \vc could dcmonstratc an 
increased tumor growth inhibition by intraarterial 
infusion chcmothcrapy compared to systemic appli- 
cation of fluorinated pyrimidincs [ 61. A significant 
reduction of tumor growth through intraarterial 5- 
FU chrmothrrapy could bc rcproduccd in this 
study. Tumor rrmission in this rxprrimcntal model 
was also achicvcd b) hcpatic artcry ligation. This is 
in accordance with other cxpcrimcntal and clinical 
data rcportcd in thr litcraturc [ 31. ‘1’11~ ma_jor prob- 
lcm of hcpatic artcry ligation is the formation of 
collateral circulation to the tumor. ‘1s a result the 
duration of rcsponsc to hcpatic artery ligation is 
usually short [ 71. 

In our hands, a combination of’ hcpatic artcry 
ligation lvith portal LI-FU chcmothcrapy could not 
improvr thr tumor growth inhibiting cfrcct of hcp- 
atic artcry ligation alone. Considering that hcpatic 
artcq ligation plus portal 5-FU chcmothcrapy 
bears the risk of portal thrombosis combined with 
impairrd artrrial blood supply to the liver, this 
trcatmrnt can causr acute liver ilccrosis in the 
patients [4]. It is remarkablr that an incrrasc of 
tumor volume could bc seen in the group with 
intraportal 5-FU infusion alone. At prcscnt one can 
only spcculatc on thr rrason for this cfI&t. Perhaps 
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cytotoxic effects on the hcpatocytes directly located 
near the tumor tissue facilitates tumor invasion [8]. 
Considering the blood supply of normal liver tissue 
and liver tumors, it is well known that liver tumors 
derive their blood supply mainly from the hepatic 
artery whereas normal liver tissue is preferentially 
supplied by the portal vein [2]. Therefore a portal 

. . 
apphcatlon of cytotoxic drugs may cause even more 
damage to normal liver tissue than to the tumor 
cells. It has to be left open whether the criteria of 
treatment success chosen in our study are sufficient 
to assess the value of the different locoregional 
treatment modalitics in general. In particular, the 
effect of a sequential application of the chemo- 

therapy has to be left unconsidered because rcpeatcd 
cycles were impossible for technical reasons in our 
model. Furthermore it remains open, whcthcr the 

results obtained with 5-FU are transferrable to 

other cytotoxic agents. Whether inhibition of tumor 

growth through locorcgional chcmothcrapy results 

in an incrcasc of life span of the animals is not clear 
and cannot be answered by this study. On the other 

hand, tumor remission is one important prcrcquisite 
to achicvc prolonged survival,. Our animal exper- 
iments may give some advice which kind of locorcg- 
ional 5-FU chemotherapy approach is of most 
advantage. 
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