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THE IDEA of delivering chemotherapy via the hepatic artery
in patients with unresectable liver metastases of colorectal
cancer was developed in the 1960s [1] when the results of
systemic therapy were disappointing. Indeed, the use of
5-fluorouracil (5-FU), the most active drug for this tumour,
was associated with a low rate of tumour shrinkage, and any
influence on the natural course of the disease was doubtful.
The rationale for intra-arterial therapy was persuasive: to
deliver an antineoplastic drug with high-dose intensity via
the hepatic artery, known to be the major route of blood
supply for malignant tissue [2], while at the same time
avoiding systemic toxic effects by a high ratio of hepatic
drug extraction {3]. Additionally, the liver was considered to
be the major and often first metastatic site in colorectal can-
cer. A step-wise pattern of metastatic spead starting in the
liver and thereafter occurring in other organs has been pos-
tulated [4]. Therefore, treating the liver might not only
result in tumour regression of the affected organ, but also
delay extrahepatic metastasis. Even if this latter goal should
not be accurate, it may be hypothesised that an effective
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treatment of the major tumour burden would eventually
prolong patient survival.

Fluorodeoxyuridine (FUdR) appeared to be the ideal
compound for intrahepatic use because approximately 95%
of the drug was cleared by the liver in contrast to 5-FU
with a variable hepatic extraction of 15-50% [3].

The introduction of surgically implantable intra-arterial
catheters and infusion pumps [5, 6] offered a major techni-
cal advantage by reducing many of the earlier complications,
such as dislocation of the catheter tip, inadequate perfusion
of the liver, perfusion of upper gastro-intestinal organs, sep-
sis, bleeding, hepatic artery thrombosis and hospitalisation
that accompanied the use of percutaneous catheters [7]. At
the same time, prolonged drug delivery on an outpatient
basis was possible.

Data from phase II investigations [8] revealed a high rate
of objective tumour response of approximately 45%
achieved by hepatic arterial infusion (HAI) of FUdR. The
median patient survival of approximately 17 months indi-
cated a possible survival advantage for patients treated with
HAI compared with historical controls treated with the
intravenous drug. Such favourable results have also been
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Table 1. Randomised trials of HAI versus systemic chemotherapy

Number of patients

Number of
evaluable patients

with extrahepatic Median patient survival

evaluable disease Obijective response rate (months)
Institution Crossover  Major study
[Ref.] allowed endpoints HAI iv. HAI HAI iv. HAI iv.
MSKCC* [1] Yes Response rate 48 51 - 50% 20% 17 12
60% P=0.001 P=0.42
NCOGH [ 11] Yes TTFjiver 65 50 8 42% 10% 16.6 16
43% P=0.0001 P=n.s.
NCIZ [10] No Survival 32 32 9 62% 17% 17 12
P=0.003 P=0.22
NCCTGS [12] No Survival 36 33 7 48% 21% 12.6 10.5
P=0.02 P=0.53

I'TF, time to treatment failure; n.s., not significant.

* Randomisation after laparotomy only; T Pretreatment with <10 g 5-FU allowed (4 patients in each arm); } Patients with positive hepatic
lymph nodes allowed (5 patients with positive lymph nodes); §i.v. therapy was 5-FU and not FUdR as in the other studies.

observed in systemically pretreated patients, now responding
to intra-arterial therapy.

Randomised studies have, therefore, been initiated to de-
fine the value of HAI compared with systemic treatment
with fluoropyrimidines (Tables 1 and 2). It is important to
realise that these trials have been designed to answer differ-
ent questions. The interpretation of an individual study
may, therefore, be limited to certain study endpoints such
as toxicity and response rate and not applicable to the com-
parison of patient survival. Furthermore, the characteristics
of the control group will determine the conclusions of such
a trial. This is of special importance for those trials that
wished to compare HAI with a group of patients that was
offered best supportive care.

Four trials [9-12] have used intra-arterial FUdR infusion
in comparison with the intravenous application of a fluoro-
pyrimidine. In three trials, the control group received intra-
venous (i.v.) FUdR while in one study [12], i.v. 5-FU was
administered (Table 1). Two trials allowed intra-arterial
therapy for patients with disease progression under the in-
itial application of systemic FUdR. This was the case in
60% and 33% of patients in the Memorial Sloan-Kettering
Cancer Center (MSKCC) [9] and North Central Oncology
Group (NCOG) [11] trials, respectively. The major study
endpoints of these trials were, therefore, limited to the com-
parison of toxicity, response rate or time to treatment failure
in the liver, but conclusions regarding survival are not poss-
ible. No particular conclusions can be drawn from the retro-
spective subgroup analysis of patients who were or were not
crossed over from systemic to locoregional treatment,

because such analyses are well known to be potentially
biased. Two trials were specifically designed to find a differ-
ence in patient survival [10, 12], and hence did not allow
the crossover of patients to HAI therapy. All four studies
differ in regard to patient selection and eligibility criteria.
The study conducted at the MSKCC randomised patients
based on the findings of laparotomy [9]. This experience
provides useful information about the difficulties of identify-
ing patients as potential canditates for HAL 63 out of 162
patients offered for randomisation were excluded at laparot-
omy because hepatic resection was possible in 25 patients
and, more importantly, 33 patients had extrahepatic disease,
only apparent during laparotomy. To be ecligible for the
other three trials, patients underwent a conventional staging
procedure with hepatic angiogram including a mesenteric
and coeliac angiography and computerised tomographic
scan evaluations. A considerable number of patients were
found to have extrahepatic metastatic spread at the time of
laparotomy for implantation of the catheter and pump.
Hepatic lymph node involvement did not exclude patients
from receiving HAI in the trial conducted by the National
Cancer Institute (NCI) [10]. A retrospective subgroup
analysis of this trial suggested that the presence of extra-
hepatic involvement was a bad prognostic factor. However,
this finding will need confirmation in prospective studies. In
the NCOG trial, 14 out of 64 patients were excluded based
on laparotomy findings and technical reasons precluding
cannulation or complete hepatic perfusion [11]. These
reports emphasise the difficulties investigators face when
designing such a randomised trial. Selecting patients with

Table 2. Randomised trials of HAI versus control group of best supportive care with or without systemic chemotherapy

Number of patients

Median patient survival

evaluable (months)
Author [Ref.] Crossover Major study endpoints HAI Control HAI Control Quality of life
Rougier and
associates [13] No Survival 81 82 15 11 n.d.
P<0.02
Allen-Mersh and
associates [15] No Survival and quality of life 51 49 13.4 7.5 Improved by HAI
P=0.03

n.d., not done.
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tumours confined to the liver is apparently only possible by
surgery. As pointed out by Rougier and associates [13],
performing an exploratory laparotomy in those patients that
will never have a pump implanted is ethically not accepta-
ble. It is for this reason that all patients with a laparotomy
prior to randomisation will have a pump implanted and
crossover to HAI in case of tumour progression, hence con-
founding the comparison of patient survival.

Despite these methodological problems, the results of all
the trials are consistent in the observed rate of objective
tumour responses of approximately 50% (Table 1). This re-
sponse rate was significantly higher than that achieved by
systemic treatment (approximately 20%), was accompanied
by a significant prolongation of the response duration [10]
and a longer time to intrahepatic failure [11] in some trials.
Patients treated with HAI also had a significantly lower rate
of intrahepatic progression, but extrahepatic failure was
more frequent compared to systemic therapy [9]. However,
those trials designed to detect a difference in median survi-
val as well as the two crossover studies failed to demonstrate
a significant prolongation of patient survival.

HALI is associated with substantial toxicity, mainly chemi-
cal hepatitis occurring in 26-79%, and biliary sclerosis in
up to 24% of patients [9-12]. This was the cause of death
in 2 patients treated in the NCOG trial [11]. Peptic ulcers
and chemical gastritis due to misperfusion occurred in up to
17% of patients [10]. Hepatic artery thrombosis, dislocation
of the catheter tip, pump dysfunction, haematoma and
infections are less frequent sequelae but troublesome com-
plications in individual patients. Although the occurrence of
biliary toxicity may be reduced by the addition of dexa-
methasone given intra-arterially, this did not prevent the
substantial FUdR dose reductions of up to 60% because of
biliary toxicity [14]. The systemic application of fluoropyri-
midines was mainly associated with mucositis and diarrhoea,
but seldom severe or life-threatening. In contrast to HAI,
the scheduled dose of the fluoropyrimidine given intra-
venously can be maintained over a long period of time and
several cycles [10].

The data from these four trials allow the conclusion that,
at best, a higher response rate may be achieved by HAI
compared to intravenous treatment, at the cost of a major
surgical procedure, substantial biliary toxicity and without a
proven benefit for overall survival.

The value of HAI in comparison to a group of patients
offered best supportive care with the possible addition of
systemic chemotherapy has been addressed in two recently
published trials ([13, 15); Table 2). In both studies, no
crossover of patients was allowed in oder to compare patient
survival. In the French trial, 163 patients were allocated to
a control group or to receive FUdR via the hepatic artery
[13]. Half of the control group was treated with intravenous
5-FU at some point of the study period, while the other half
received best supportive care only. The decision whether to
offer chemotherapy to patients of the control group was left
to the discretion of the responsible physician. In the British
trial {15], conventional symptom palliation may have
included the use of an antineoplastic agent, but details of
how many patients actually received systemic chemotherapy
were not given. Both studies demonstrated a statistically sig-
nificant prolongation of median patient survival in favour of
the HAI group: an increase of 4 months (15 versus 11
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months) in the French trial and a doubling of the survival
time in the British trial (13.4 versus 7.4 months). The latter
study also provides information about improved quality of
life for patients allocated to HAI treatment. The French
study [13] points towards the degree of liver involvement
and performance status as prognostic factors that signifi-
cantly influenced patient survival. However, the experience
of the surgical and medical team appeared to be of major
prognostic importance, indicating that the use of hepatic
arterial infusion should be restricted to experienced insti-
tutions.

Do these two trials give sufficient evidence that HAI of
FUdR should be the preferred method of treatment for
patients with metastatic colorectal cancer limited to the
liver? In our opinion, the answer should be ‘no’. In both
trials, the ‘systemic’ groups cannot be considered as an ade-
quate control. Rather than establishing the value of intra-
arterial therapy, both trials emphasise the benefit of chemo-
therapy in general, irrespective of the route of adminis-
tration, as a powerful instrument to improve the quality of
life and prolong median survival for patients with metastatic
disease. Both studies are important because they have also
established the value of antineoplastic therapy in the good
risk group of patients having liver metastasis only. Similar
results have been demonstrated by others for patients with
more advanced disease [16]. Although a rather toxic regi-
men of cisplatin, 5-FU and folinic acid had been used, the
quality of life of patients was maintained by the application
of systemic chemotherapy, but deteriorated in those patients
offered best supportive care only. Additionally, the median
survival of the chemotherapy patients was more than
doubled from 5 to 11 months. If systemic chemotherapy
was given to patients allocated to the best supportive care
groups of the French and British trial, it could be initiated
at any time during the study period. However, to delay the
application of systemic chemotherapy in patients with meta-
static disease decreases median survival compared to an
early start of therapy [17]. It is, therefore, very unlikely that
the group of patients that received delayed systemic therapy
will have influenced the outcome of the whole group of best
supportive care substantially.

Recently published phase II evaluations, investigating
infusional or folinic acid modulated FUdR or 5-FU given
intra-arterially, have observed promising high response rates
and patient survival of approximately 24 months or better
[18-21]. These trials are preliminary and will need confir-
mation in a randomised trial.

What is the value of systemic therapy? During the last 10
years, major progress has been achieved in the treatment of
patients with metastatic colorectal cancer [22]. Biochemical
modulation by folinic acid [23] or methotrexate [24]
doubles the rate of objective tumour response (19-21%)
compared to 5-FU alone (10-11%). Furthermore, infu-
sional 5-FU, either by the schedule or by the dose-intensity
that can be achieved, or both, is superior to bolus injections
[25]. However, a prolonged median survival has only been
reported in some randomised trials [26] and seems to be
marginal considering the data of two recently published
meta-analyses [23, 24]. Nevertheless, bolus fluoropyrimi-
dines without a modulator given as systemic therapy are
no longer an appropriate therapy to be compared with
HAIL The question arises as to the effect of systemic 5-FU
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Table 3. Clinical outcome of selected patients with Karnofsky index = 80 and hepatic metastases receiving intravenous chemotherapy
within multicentre randomised trials or multicentre phase II studies

Number of Obijective response rate Median time to treatment Median patient survival

Regimen [Ref.] patients (CR/PR) (95% CI) CR failure (months) (months) (95% CI)
FU,4/FA (29, 30] 60 48% 13% 9.3 21.4

(35-61%) (17.3-25.6)
FU,4/IFN [29, 30] 34 24% 9% 3.5 12.0

(9-38%) (3.7-20.3)
FUgus/FA [27, 28] 75 20% 1% 5.6 14.3

(11-39%) (11.2-17.3)

FU,4n/FA: weekly 5-FU 2.6 g/m? plus folinic acid 500 mg/m? + interferon a-2b 3 MioU s.c. three times per week;
FU,4n/IFN: weekly 5-FU 2.6 g/m” plus interferon 0-2b 3 MioU s.c. three times per week;
FUgows/FA: 5-FU 600 mg/m” plus folinic acid 300 mg/m? d1-3 + dipyridamole 3 x 75 mg d0-4

5-FU 300-500 mg/m? plus folinic acid 200 mg/m> d1-5 plus interferon a-2b 5 MioU/m? s.c. d1-5.

combined with a modulator administered to patients with
liver metastases only. Such patients might represent a
favourable subgroup with a good performance status, who
are generally fit for a major surgical procedure. We have
identified 169 patients with a Karnofsky performance status
of 80 or better and metastatic disease affecting the liver only
that was determined by standard staging procedures includ-
ing CT-scan evaluations (Table 3, Figure 1). All patients
were chemo-naive and met similar entry criteria for different
multicentre protocols. 75 patients treated with modulated
5-FU bolus regimens were derived from a randomised trial
(n=51) [27] and two phase II evaluations (n = 24) [28]. 34
individuals received weekly high-dose 5-FU (2.6 g/m?)
given as 24 h continuous infusion in combination with
interferon o-2b (IFN) 3 MioU s.c. three times per
week and 60 patients were treated with weekly high-
dose 5-FU (2.6 g/m?) as 24 h continuous infusion plus foli-
nic acid (FA) 500 mg/m? given intravenously over 2 h prior
to 5-FU with (n = 21) or without (n =39) the addition of
interferon. The latter 94 patients were studied within a ran-
domised protocol of the “Arbeitsgemeinschaft fiir
Internistische Onkologie” (AIO) [29, 30]. The response
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------ Weekly high-dose 5-FU 24 h infusion plus folinic acid
(z interferon) (n = 60)

------------- Weekly high-dose 5-FU 24 h infusion plus interferon
(n=34)
Bolus 5-FU plus folinic acid
(xdipyridamole, + interferon) (n = 75)

Figure 1. Survival of selected patients with Karnofsky index
> 80 and metastases limited to the liver receiving different
regimens of systemic intravenous 5-FU.

rate (20-24%) and time to treatment failure (3.5-5.6
months) of the modulated bolus schedules or 5-FU,4,/IFN
combination appear to be inferior compared to data pub-
lished on HAI. However, patients receiving a combination
including 5-FU,,;,/FA had a response rate of 48% with 13%
complete clinical responses. The median time to treatment
failure was 9.3 months. These data indicate an equivalent
response rate of folinic acid modulated high dose 5-FU
when compared to published HAI data. Patients considered
for HAI treatment are probably more rigorously examined
to exclude extrahepatic tumour spread. Our patient group
might, therefore, represent a more unfavourable popu-
lation with a higher possibility of extrahepatic disease.
Nevertheless, the median survival time of 14.3 months
observed in patients receiving modulated bolus schedules is
very close to the median survival for HAI patients reported
by the French and British trials [13, 15]. Patients treated
with a combination including 5-FU,.,/FA had a median
survival of 21.4 months exceeding the survival time reported
in randomised HAI investigations. Although these data have
to be interpreted with caution, they demonstrate the favour-
able outcome of patients given effective systemic therapy.

In conclusion, intra-arterial chemotherapy via the hepatic
artery remains investigational and is associated with a high
rate of local toxicity, mainly chemical hepatitis and biliary
sclerosis, at least if FUdR is used. Although the response
rates achievable with HAI are higher, extrahepatic relapse
and progression is frequent, resulting in an equivalent me-
dian patient survival as compared to systemic treatment.
The routine application of HAI, that requires a surgical pro-
cedure, is, therefore, not justified. The use of HAI should
be restricted to experienced centres and should only be
given to patients within the framework of a controlled clini-
cal trial. In the highly selected group of patients identified
for intra-arterial infusion, the recently developed modulated
and/or infusional 5-FU schedules are possibly as effective as
HAI, and the next generation of randomised protocols
should incorporate such regimens as control schedules. It is
our opinion that apparently localised disease is still a sys-
temic disease and needs a systemic treatment as effective as
possible. Whether a localised approach with consequently
less effective systemic drug levels will improve treatment
outcome, therefore, appears unlikely. However, it remains
possible that a ‘combined modality’ treatment might be the
answer for selected patients and this concept requires
further investigation.
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