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Introduction

Colorectal cancer is the second most common malignant disease in
developed countries, causing approximately half a million deaths
worldwide each year (1). A recent report on mortality from cancer in the
European Union between 1955 and 1994 showed that the mortality rates
from intestinal cancer is about 15 per 100,000 for women, and 19 per
100,000 for men (2). The liver is the most frequent site of metastases. At
the time of diagnosis, 20 % of the patients have synchronous liver
metastases (3,4), and 25 — 30 % of patients with initially nondisseminated
tumours will develop liver metastases in the following three years (5).
Moreover, metastases confined to the liver are frequent, since two thirds
of the patients with liver metastases show no evidence of extra-hepatic
disease (4). Surgery is the only available curative treatment of colorectal
liver metastases, resulting a five-year actuarial survival rate between 25 %
and 45 % (6,7). However, curative surgical resection of liver metastases is
possible in less than 20 % of all cases with colorectal cancer (7,8). In
patients with colorectal liver metastases, hepatic tumour burden,
performance status and site of primary tumour are regarded as important
prognostic factors (9,10,11).

In the past 40 years, standard first-line chemotherapy regimens have
been based on fluoropyrimidines. Treatment with 5-fluorouracil (5-FU),
with or without Leucovorin (LV), produces a roughly 20% response rate
and a 20% 2-year survival rate (12). Several approaches have been
developed to increase the efficacy of fluoropyrimidines, including
biomodulation of 5-FU by Leucovorin or Methotrexate or administration of
5-FU by continuous intravenous infusion (13, 14). These strategies only
modestly improve response rates without a significant impact on survival
(15). During recent years, several new drugs such as oxaliplatin,
irinotecan or Ralitrexate have shown great efficacy against colorectal
carcinoma (16-18). The addition of irinotecan and oxaliplatin to 5-FU-
based regimens has resulted in superior response rates (40%-50%) as

well as longer median survival times (15-17 months). The 2-year survival



rate, however, remains poor with 25% to 30% of patients living after 24
months (19-21).

Alternative strategies have been explored to improve the poor outcome
of patients with metastatic colorectal cancer. One of these approaches is
the intraarterial application of cytostatics via hepatic artery to improve
local drug concentrations leading to an increase in response and efficacy.
This concept dated back the early 1960s since Sullivan et a. reported the
first positive results of continuous intraarterial infusion for liver metastases
of gastrointestinal origin (22). In the past three decades, hepatic arterial
infusion (HAI) of chemotherapeutics has been used in the treatment of
metastatic colorectal cancer with different application forms, cytostatics
and regimens. This report focuses on the rational of HAI, describes
technical aspects and analysis data to determine the indication for this

approach.

Rationale for Hepatic Artery Infusion

The concept of HAI for treatment of colorectal liver metastases is
based on three different principles. First of all, a difference exists in blood
supply of benign and malignant tissue in the liver. The liver is perfused by
a dual blood supply: the portal venous system and the hepatic arterial
circulation. Whereas metastatic cells gain access to the liver through the
portal vein, tumour perfusion is via the hepatic arterial system. In contrast,
normal hepatic parenchyma receives the bulk of its perfusion through the
portal venous system. It has been calculated that the portal vein supplies
approximately 70% to 80% of the blood for normal hepatic tissue perfusion
(23,24). Another rationale is the high first pass hepatic extraction of the
drug used for this approach. This approach achieves significantly higher
concentrations of several cytotoxic agents within the hepatic parenchyma
while minimizing systemic toxicity. The observed antitumour effect is
relatively great compared to systemic delivery of the same agents (25).

The third rationale is the pharmacokinetic principle that most drugs have a



steep dose-dependent curve, which means that if drug delivery is

increased to tumours, the response rates can be elevated (26,27).

Pharmacological aspects

The ideal agent for regional chemotherapy should have a high local
extraction rate, a steep dose — response curve and a rapid total body
clearance (27). Throughout the last three decades the fluoropyrimidines 5-
FU and fluorodeoxyuridine (FUDR) have been the most commonly used
agents in colorectal cancer. Between these agents severe and very
interesting discrepancies do exist in terms of metabolism and
pharmacology. For FUDR it could be demonstrated that nearly 95% of the
drug will be extracted in liver circulation when given via HAI, resulting in a
16-fold higher concentration in hepatic tumours, compared with venous
infusion (28).

Pharmacological studies for the mainly used fluoropyrimidine 5-FU
have shown a low uptake in the liver combined with a more or less similar
systemic exposure compared to systemic drug administration. Kar et al.
have shown in an animal model that the systemic exposure for 5-FU is
nearly identical for intravenous infusion, intra-arterial administration or
intra-arterial stopflow — infusion. Only an isolated perfusion of liver
circulation could diminish systemic drug levels (29). Measuring the area-
under-the curve (AUC) about 70 — 75 % of the drug is entering the
systemic circulation (30). Despite the low extraction rate for 5-FU inside
the liver tumour tissue concentrations are about 10 times higher than
plasma concentrations and about two times higher than in normal liver
tissue (31). These data explain on a pharmacological basis the small
advantage of HAI using 5-FU compared to systemic administration as

frontline chemotherapy for colorectal liver metastases (41,50).

Technical aspects of HAI

To perform intra-arterial chemotherapy for the liver intermittent or

permanent access to hepatic artery is essential. Since the early 1960s



different approaches for cannulation of this vessel have been developed
starting from an angiographic approach over angiographic assisted
implantation of permanent catheters to surgically implantation of catheters
or specific pump systems. Each of these techniques is connected with
specific advantages and disadvantages.

The angiographic placement of a catheter into hepatic artery using a
Seldinger technique is easy and combined with a small risk to the patient
with respect to thrombosis, dissection of arterial wall or bleeding
complications. Such a catheter cannot be held in place permanently and
should be taken out after at least 48 hours after insertion. Advantage of
this approach is the low morbidity, the low risk for thrombosis of hepatic
artery even after embolization. A higher incidence for partial or complete
thrombosis of hepatic artery has been documented after chemo-
embolization of the liver (37) The disadvantage is the inconvenience for
the patient to repeat the procedure, if necessary. This technique is
typically used for second line treatment after failure of conventional
systemic chemotherapeutic regimen when the awaited life time is short
and efficacy of such an intervention should be awaited (38,39)

Surgical or angiographic assisted placement of permanent catheters
into hepatic artery is always combined with a definite risk for
complications like bleeding, thrombosis, infection or migration of the
catheter (32). Even after development of complete implantable devices
these ports have a high failure rate especially for migration and
thrombosis (33). Due to the low flow rate dependent to such port catheters
short time or continuous infusion of cytostatics is only possible, but not the
application of embolizing substances for chemo-embolization.

The development of totally implantable infusion pumps reduced the rate
for complications associated with HAI therapy. Such pump systems are
placed in a subcutaneous pocket created at the time of the surgical
placement of the hepatic arterial catheter allowing a continuous infusion of
cytostatics over 2 to 4 weeks. This continuous infusion decreases the rate
of thrombosis, and filling the pump every 2 weeks allows for more
convenient ambulatory treatment.(34-36). Continuous infusion for a longer

period of time is prerequisite for use of FUDR, the drug with a 95 %



uptake and metabolism in the liver. Specific toxicity connected to FUDR
continuous application such as chemical hepatitis and sclerosing
cholangitis could be diminished by use of dexamethason and dose
modification of FUDR (40).

Indications for HAI

A. front line therapy

Since 1979 a series of eleven prospective randomized trials have been
published comparing HAI with systemic chemotherapy (table 1).(41-51).
One of these trials compared the intra-arterial infusion of 5-FU to a
systemic application form (41), another ia. 5-FU plus Leucovorin versus iv.
treatment of the same drugs (50), three trials compared regional FUDR
with iv. FUDR and six trials compared HAI of FUDR with either i.v. 5-FU
(45,47,48) or i.v.5-FU/LV (46,49,51). Two of these trials compared HAI of
FUDR with a control arm of i.v. 5-FU or best supportive care, based on the
treating physician’s choice (49,51).

All eleven trials showed higher response rates for HAl compared with i.v.
chemotherapy ranging from 22 — 62 % for the regional treatment and 9 —
23 % for the systemic arm. In all of these trials over-all survival was longer
for the experimental arm (12,7 — 22.7 months) than in the standard arm
(7.5 — 19.8 months). While there were trends toward longer times to
overall survival times for the HAI arms, these were statistically significant
only in the trials from Rougier et al. (FUDR vs. 5-FU or BSC), Allen-Mersh
et al. (FUDR vs. 5-FU or BSC) and Kemeny et al. (FUDR vs. 5-FU/ LV).
Critical in the trials of Rougier and Allen-Mersh was the fact that systemic
chemotherapy with 5-FU or best supportive care (BSC) cannot be
accepted as appropriate control arms for metastatic colorectal cancer
today.

Two meta-analyses of these seven original trials were conducted, based
on the premise that the individual trials were underpowered to detect a
survival benefit. Over 600 patients were included. The Meta-Analysis

Group in Cancer (52) confirmed the higher response rate seen with HAI



(41% versus 14%). Overall, a 27% relative survival advantage was seen in
the HAI arms (p = 0.0009) compared with the controls. Harmantas et al
from Harvard University School in Boston also performed a Meta-analysis
for such prospective randomized trials and found that regional infusion
chemotherapy with FUDR produced a 10% (p = 0.041) and 6% (p = 0.124)
increased survival at 1 and 2 years, respectively.

Several potential reasons are possible to explain the small benefit in
terms of over-all survival despite the superior response rates for HAI. First
of all, the study design for some of these trials which allows crossover
from one arm to the other will have reduced the definite benefit. Lack of
experience in certain centers leading to greater complication rate in the
HAI arm combined with greater toxicity can be another reason. A third
explanation for this small survival benefit of HAI treatment is the
unexpectedly high rate of extrahepatic disease discovered at laparotomy
as well as some technical problems with pump system. Both factors led in
some of these trials to a substantial number of patients who had never
received regional therapy assigned to HAI arms.

During the last five years new agents have been used in combinations
with the fluoropyrimidines for regional chemotherapy of unresectable liver
metastases (54-60). One of these drugs is Pirarubicin, a anthracycline
analogue, which has given promising data in animal models. Because of
higher local tumour concentrations, greater antitumoral effect and lower
systemic exposure following intraarterial administration of this drug,
Pirarubicin is an excellent candidate for regional chemotherapy (55). The
studies from Fallik et al. and Zelek et al. could demonstrate safety,
feasibility and efficacy against colorectal tumours with response rates
between 39 % and 48 % (56,57).

Kemeny et al. reported one the highest response rates ever published
in the treatment of colorectal cancer with 75 % by use of intraarterial
FUDR plus Irinotecan (54). Irinotecan is a topoisomerase | inhibitor with
proven efficacy in first- and second-line treatment of metastatic CRC.
Feasability and safety of this drug for intraarterial use was confirmed by
Fiorentini et al., but response rates were in the range of 40 % using

Irinotecan as mono therapy (58). Early promising results of intraarterial



infusion of Irinotecan in combination with fluoropyrimidines have to be
confirmed by larger prospective trials.

This is true also for the use of Oxaliplatin, another new cytotoxic agent
with a mechanism of action similar to that of other platinum derivatives,
but with a different spectrum of activity (61). Based on positive results in
systemic chemotherapy with clinical response rates greater than 50%
when combined with 5-FU/LV this drug has been used for regional
chemotherapy in phase | / Il trials (59,60). Reported response rates are in
the range of 45 — 60 % without unexpected toxicity.

Combination of fluoropyrimidines with one of these new agents seem to
improve local response rates, but we have to await further prospective
trials about the positive influence of this regional combination therapy on

overall survival.

B. inductive therapy

When Bismuth et al. published his paper about neoadjuvant
chemotherapy of primarily inoperable colorectal liver metastases in 1996
he defined some new and intriguing rules for oncologic surgery (62). Only
about 15 — 20 % of all patients with liver metastases of colorectal origin
are candidates for a curative resection. This low rate is dependent to
reduced general condition of the patient, metastazation into other organs,
a diffuse infiltration of the liver or involvement of vital structures. He could
demonstrate that about 15 % of all primarily inoperable liver metastases
become resectable after downsizing induced by chemotherapy. The
second very interesting fact was that the survival after complete resection
after inductive therapy was nearly identical to a curative resection without
prior chemotherapy. These data could be confirmed by other groups
(63,64). To improve survival data for patients with liver metastases of
colorectal origin it seems to be clear that the number of definite resected
patients has to be increased. To reach this goal development of specific
techniques to reach a maximal shrinkage of liver metastases in a short

period of time is needed.



For Oxaliplatin based systemic chemotherapy high local response rates
have been reported opening the possibility to operate shrunken liver
metastases after inductive chemotherapy. Giacchetti et al published a
prospective trial using FOLFOX regimen with a resection rate of 51 %, but
complete resection was possible in only 38 % (65,66). In case of inefficacy
of front-line systemic chemotherapy another technique can be used in
order to break through tumour cell resistance by high local drug
concentrations. Our own group have published data about the efficacy of
chemo-embolization as front — and second —line therapy for colorectal liver
metastases (67) (graph...). The procedure consists of an intra-arterial
chemotherapeutic infusion combined with embolization of the vascular
supply to the tumour (68-72).. The combination of the two treatments has
theoretical benefits beyond those offered by either treatment given alone.
In addition to the ischemic damage caused by the embolization and the
cytotoxicity associated with chemotherapy, vascular occlusion results in
the prolongation of transit time through the vascular bed of the tumour,
with increasing time of exposure of the tumour cells to chemotherapy (70).
Furthermore, it has been shown that anoxic damage increases vascular
permeability, promoting further infiltration of the chemotherapeutic agent
into the tumour. The cytotoxic effect on the vessel wall may result in an
irritant vasculitis, causing further occlusion and ischemia (68,70).

In this study melphalan as cytostatic drug and a combination Lipiodol
and Gelfoam as embolizing substances to reach a maximal occlusion of
the vasculature has been used. (graph 1-4).(67). Despite the low
vascularity to tumour formations of colorectal origin a response rate of
43.4 % could be reached. linfiltration of Lipiodol particles into the vascular

bed of the tumour will influence the results of the CT scan.

C. second line therapy

For patients refractory to standard therapy or progressing after
chemotherapy induced regression, there is at present no standard
recommended second-line treatment (66).. During the last decade, several

new treatment options have been established for second-line therapy of



liver metastases of colorectal origin such as immuno-chemotherapy or
several new cytostatic drug combinations (Table 3)(73-82). Nevertheless,
no definite regimen has been established for second-line therapy in these
patients when systemic chemotherapy has failed as first option. Several
phase Il trials dealing with this problem could not show any benefit in
terms of response or survival. In contrast to these negative findings, some
other trials from the last three years have yielded promising results using
new cytostatics such as irinotecan or oxaliplatin. Data reported by Mitry et
al. (1998) or Maindrault-Goebel et al. (1999) as well as Van Cutzem et al.
(1999) have comprised relevant data from prospective randomized trials
on effective systemic chemotherapy as second-line treatment of
inoperable colorectal liver metastases showing a median survival time of
around 10 months. Nevertheless, response rates were disappointing and
did not exceed 25 %.

In case of involvement of the liver only a regional application of cytostatics
to maximise local drug concentrations can break through tumour cell
resistance. There are a few reports in the literature about an effective
second —line regional chemotherapy (Table 4) (83-89). Interesting enough,
reported response rates were higher ranging between 17,6 % and 48 %.
This led to a positive trend in survival ranging between 7 and 24 months.
In this respect a direct comparison between systemic and regional second
—line therapy is difficult. Due to integration of patients with metastases at
multiple organ sites there can be a possible selection bias favouring
regional therapy. Nevertheless in case of liver involvement only regional
chemotherapy seems to be superior to systemic chemotherapy as second

line treatment.

D adjuvant therapy

Resection of liver metastases is the only possible curative approach for
patients with colorectal liver metastases. Due to a high relapse rate after
complete resection, especially in the liver, there is need for effective

adjuvant treatments. Early studies have documented that adjuvant 5-FU-
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based systemic chemotherapy is not combined with a significant survival
benefit (90-92).

Up to now three large randomized trials of adjuvant HAI have been
reported. Lorenz et al. have published the results of a prospective
randomized trial in 226 patients about resection alone versus resection
plus 6 months of HAI of 5-FU/LV given as a 5-day continuous infusion
every 28 days (93). Impact of HAI therapy in this study is difficult to
assess because only 74% of patients assigned to HAI initiated this
treatment. This study was terminated early, as an interim analysis
suggested a very low chance of demonstrating any survival benefit for
adjuvant therapy.

In an Intergroup study 109 patients were randomized to resection alone
versus resection followed by four cycles of HAI of FUDR and infusional
systemic 5-FU, followed by eight cycles of systemic 5-FU(94) Despite an
advantage in disease free survival (disease-free after 4-year 46% versus
25%, p = 0.04) the overall survival was not significantly different (62%
versus 53%, p = 0.6).

156 patients with resected hepatic metastases were randomized to 6
months of systemic 5-FU/LV or systemic 5-FU/LV plus HAI of
FUDR/dexamethasone in another randomized trial reported by N. Kemeny
et al.(95). The 2-year survival rate was 86% in the combined-therapy
group versus 72% for systemic therapy alone (p = 0.03), with median
survivals of 72.2 and 59.3 months, respectively. The 2-year hepatic
progression-free survival (HPFS) rate was 90% for combined therapy and
60% for monotherapy (p < 0.001).

Whereas the German study couldn’t show any advantage of adjuvant HAI
after liver resection the latter two studies demonstrated lower hepatic and
extrahepatic rates of recurrence. The 2-year survival rate after liver
resection (86%) was significantly better with the combined therapy
compared with adjuvant systemic therapy alone (72%) . The difference
between these trials not only was the drug (FUDR vs. 5-FU), but also the
mode and intensity of medication; both factors will have influenced the

results and outcome.
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Conclusions

A great deal of progress has been made since introduction of regional
chemotherapy in the treatment of colorectal liver metastases around four
decades ago. Due to improvement in surgical techniques and development
of new catheters and pump systems complication rates of HAI could be
decreased throughout the last years. Actually HAI is a safe procedure with
a high efficacy in front line therapy of colorectal liver metastases as
documented by many prospective randomized trials. Actually many studies
are under way to improve local efficacy by integrating newer drugs as
Oxaliplatin and Irinotecan into HAI treatments.

Patients with primarily unresectable tumour formations in the liver are always
candidates for an neo-adjuvant approach in order to shrink the metastases to a
size that resection will be possible. The use of HAI in the setting of unresectable
metastatic disease confined to the liver seems to be of the most important
subjects of investigation for the near future. Due to the fact that the liver is a
primary site for drug metabolism, many drugs that perfuse the liver are
metabolized during the first pass through it. This extraction phenomenon allows
high concentrations of several cytostatic agents to remain in the liver whilst
minimizing systemic concentrations. This seems appropriate especially for
chemoembolization. Introducing a vascular occlusion agent combined with
cytostatic drugs into the hepatic artery results in a dual ischemic and
cytotoxic insult in the tumour-infiltrated area. In addition to that, vascular
occlusion results in the prolongation of transit time through the vascular
bed of the tumour with increasing time of exposure of the tumour cells to
the chemotherapy. Early results of this approach as an inductive therapy
for unresectable liver metastases are encouraging.

Hepatic arterial chemotherapy consistently yields higher response rates
than does systemic therapy. This is even true in case of second line
therapy for patients progressive after initially effective therapy. Today HAI
therapy is a fundamental part of therapeutic armamentarium against
metastases of colorectal origin defined to the liver which can be used not

only as front line therapy, but also as effective inductive treatment in case
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of inoperable tumour formations, as second line therapy and as adjuvant

treatment option after potentially curative resection.
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Table 1 Randomized trials of HAI vs. systemic chemotherapy as frontline therapy
for unresectable colorectal liver metastases

author / year | Arms pts. Response Survival Crossover | statistically
% months significant
Grage ia.5-FU 31 34 13 - ns
1979 iv. 5-FU 30 23 10
Kemeny ia.FUDR 48 50 17 + ns
1987 iv. FUDR 51 20 12
Chang ia.FUDR 32 62 17 - ns
1987 iv. FUDR 32 17 12
Hohn ia.FUDR 67 42 16,5 + ns
1989 iv. FUDR 76 10 15,8
Wagman ia. FUDR 31 55 13,8 + ns
1990 iv. 5-FU 10 20 11,6
Martin ia. FUDR 39 48 12,6 - ns
1990 iv. 5-FU/ LV 35 12 10,5
Rougier ia. FUDR 81 44 15 - 0.02
1992 iv. 5-FU or 82 9 11
BSC
Allen-Mersh |ia. FUDR 51 - 13,5 - 0.05
1994 iv. 5-FU or 49 - 7,5
BSC
Kemeny ia. FUDR 68 48 22,7 - 0.027
1994 iv. 5-FU/ LV 67 25 19,8
Lorenz ia. FUDR 54 43 12,7 + ns
2000 ia. 5-FU/ LV 57 45 18,7
iv. 5-FU/ LV 57 20 17,6
Kerr ia. 5-FU/ LV 145 22 14,7 - ns
2003 iv. 5-FU/ LV 145 19 14,8
Table 2 : studies about new agents for HAI in front line treatment of colorectal
liver metastases
Author Journal Year pts. Regimen Response Toxicity Survivalt
Kemeny JCO 2001 46 FUDR, Dexa, 75 % determination not given
N Irinotecan of MTD
Kern Ann Oncol 2001 21 ia.5-FU, 59 % 48 % not given
Oxaliplatin
Fallik Ann Oncol 2003 75 Pirarubicin, 5FU, 39.3 % 353% 20.0 mon.
LV
Fiorentini  Tumori 2003 12 ia. Irinotecan 33% 41 % not given
Mancuso Anticancer 2003 17 ia. cont. 5-FU, 46 % 41 % 19.0 mon.
A Res. Oxaliplatin
Zelek Ann Oncol 2003 31 ia. Pirarubicin, 48 % 78 % 20.5 mon
iv.5-FU,
Irinotecan
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Graph 1; CT-scan of a patients with extensive involvement of the right liver lobe
by colorectal metastases
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Graph 2:  status after chemoembolization of hepatic artery with melphalan,
Lipiodol and Gelfoam
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Graph 3:  Ct-scan of the same patient after chemoembolization and shrinkage of
tumour formation combined with extensive central necrosis

Graph 4:  status after extended right hemihepatectomy
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Table 3 : studies about systemic second —line chemotherapy of CRC
Author Year | Pts | Regimen Response | Survival
Zaniboni 1996 31 MTX, 5-FU 6.6 % 5.0
Mitry 1998 | 279 | Irinotecan vs. BSC - 9.2
Perez 1998 34 IFN, 5-FU 6 % 5.0
Seitz 1998 24 MMC, 5-FU 29 % 10.0
Van Cutzem | 1999 267 Irinotecan vs. 5-FU - -
Maindrault 1999 60 Oxaliplatin, 5-FU, LV 27 % 10.8
Hartmann 1998 52 Mitomycin, 5-FU 25% 4.7
Moehler 2002 20 cont- 5-FU, Oxaliplat 0% 8.3
Tsavaris 2003 | 120 | Irinotecan 24 % 7.0
Sastre 2003 25 cont. 5-FU, Irinotecan 28 % 12

Table 4 : studies about regional second —line chemotherapy of CRC
Author Year | Pts. | Regimen Response | Survival
Kemeny N 1993 | 95 FUDR, MMC, BCNU 47 % 19,1 mon

Vs.

FUDR 33 % 14.0 mon
Fordy 1998 | 35 FUDR 14 % 7.0 mon.
Cyjon A . 2001 | 28 5-FU, LV, CDDP 48 % 12 mon.
Lavrenkov 2002 | 35 5FU, Irinotecan 17,6 % 22 % 1 year
Mancuso 2003 |17 Oxaliplatin 46 % 19.0 mon
Fiorentini 2003 | 12 Irinotecan 33 % not given
Muller 2003 | 36 5FU, L-Pam 33.4% 24.0 mon.

chemoembol.




	H.Müller
	References


