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[Abstract]

Todinated ethyl ester of poppy-seed oil, well known as Lipiodol, was first injected into the
hepatic arteries in the late 1970s. Because of its capacity to target and remain fixed in tumors,
Lipiodol mixed with various drugs is widely used for the treatment of liver tumors and has
been frequently described in the literature for more than a decade.

A number of investigations have been conducted in an attempt to explain the exact role of
Lipiodol in this process. Many authors have come to the conclusion that Lipiodol probably has
several functions : First, being a viscous agent, it slows down the arterial circulation, thereby
effectively blocking the blood supply feeding HCCs. Second, it shows a preferential uptake by tumor
tissue, which can be used as a vehicle for the local delivery of cytotoxic or radiotherapeutic drugs.
Finally, Lipiodol could have a direct cytotoxic effect on tumor cells.

However, several factors can modify the efficacy of chemoembolization with Lipiodol,
especially the method used to obtain emulsions with water-soluble cytostatic drugs. Another
well known approach is to use a lipophilic cytostatic drug to be mixed with Lipiodol. In any
event, the Japanese experience with chemoembolization using Lipiodol is probably the most
extensive in the world and the value of this technique in patients with HCC is currently well

recognized.

Iodinated ethyl ester of poppy-seed oil, well known as
Lipiodol, was first injected into the hepatic arteries in the
late 1970s. Because of its capacity to target and remain
fixed in tumors, Lipiodol was first used as a diagnostic
tool and is still used in association with Computed
Tomography (CT) enhanced with iodized oil for the
evaluation of disseminated hepatocellular carcinoma.
In addition, hepatic artery injection of Lipiodol mixed
with various drugs is widely used for the treatment of
liver tumors and has been frequently described in the
literature for more than a decade. More recently, iodine-
131-labeled iodized oil (called Lipiocis) has been
developed in some countries and injected into the
hepatic artery for interstitial radiation therapy. Despite
the extensive clinical experience gained, especially in
Asia and in a number of other countries, the precise
mechanism of action of Lipiodol in this area still
requires further investigation.

Lipiodol has been commercialized since 1901 in a

number of applications, both diagnostic and therapeutic,
and more than 200 millions patients have received this
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product worldwide. It is administered via several routes
of administration, including the intra-muscular, intra-
arterial, intra-lymphatic, and oral routes as well as in
hysterography. Over the last few years, a large number
of articles have been published and since 1950 there
have been over 3,000 publications on lymphography,
diagnosis of liver lesions, goiter diseases, hysterography,
and chemoembolization. Lipiodol is composed of ethyl
esters of iodized fatty acids of poppy-seed oil, for which
the main fatty acids are linoleic and oleic acids. The
iodine concentration of Lipiodol is very high since it
reaches 480 mg of iodine per ml(much higher that any
water-soluble iodinated agent today). Its viscosity is also
very high compared to non-ionic agents and also
compared to non-iodinated poppy-seed oil.

In France, its country of origin, Lipiodol is approved in
4 official indications : 1) lymphography and 2) liver
lesions, for the diagnostic applications ; 3) embolization
mixed with glue, and 4) iodine deficiency disorders, for
the therapeutic applications. Hepatocellular carcinoma
(HCC) ranks among the most common malignancies



worldwide, and the prognosis for patients with HCC is
typically poor. Few patients are candidates for surgery
and tumor recurrence after partial hepatectomy is
notoriously high(70 %). Therefore, any techniques that
might prolong survival or improve quality of life are
beneficial for these patients. For more than a decade,
much attention has been given to Lipiodol-based
transcatheter chemoembolization for the treatment of
HCC. When injected into the hepatic artery via a
vascular catheter, Lipiodol is retained by HCCs for
several weeks to over a year, while it is cleared from
normal liver parenchyma within a few days.

A number of investigations have been conducted in an
attempt to explain the exact role of Lipiodol in this
process. Many authors have come to the conclusion that
Lipiodol, besides its role as a contrast agent, probably
has several functions : First, being an embolic agent, it
slows down the arterial circulation, thereby effectively
blocking the blood supply feeding HCCs.

Second, it shows a preferential uptake by tumor tissue,
which can be used as a vehicle for the targeted delivery
of cytotoxic or radiotherapeutic drugs. Finally, Lipiodol
could have a direct cytotoxic effect on tumor cells. A
number of studies were performed not only to confirm
these effects of Lipiodol but also to determine the
reproducibility of the effects, especially when Lipiodol
was used as an emulsion, and the unique role of Lipiodol
as compared to other embolic agents.

a) The role of Lipiodol as an embolic agent has been
proposed for a number of reasons :

First of all, one has to consider the vascular features of
tumors, which are quite unique compared to the normal
liver. Tumor vasculature, as opposed to normal
vasculature, is a very tortuous structure, which also
presents several abnormalities :

Anastomosis exists between neovessels of tumors
inducing a very complex circulation network. There are
several levels of communication between the hepatic
artery and the portal vein : the peribiliary plexus, the
vasa vasora of the portal vein, direct arterio-portal
communications, and functional arterio-portal
anastomoses. The degree of vascularity is almost
certainly one determinant. Under these conditions, one
can understand that any very viscous agent will slow
down the circulation process. In the study by Miller et al.
(1987), the presence of lipid was demonstrated in the
neovasculature up to 8 days after administration,
suggesting that some characteristics of neovessels
contribute to prolonged lipid retention.

In tumor vessels, neovasculature consists of one layer of
endothelium and lacks a muscle layer and innervation, so

it is dilated and cannot constrict. Finally, tumors with
increased blood flow receive more iodized oil by virtue
of receiving more blood per volume than surrounding
liver tissue.

There are a number of indirect proofs that Lipiodol is
an embolic agent in this very peculiar environment :

1°) Several authors have compared different
formulations of Lipiodol : pure Lipiodol, Lipiodol mixed
with oily cytostatic agents, Emulsion of Lipiodol with
water-soluble agents with different droplet sizes.

De Baere et al. demonstrated that iodized oil
formulated in oil-in-water emulsions with small droplets
had a particular vascular behaviour. Indeed, they provide
the smallest droplets of iodized oil which cross tissues
with a lower embolic effect than any other product. It
appears that such emulsions containing small-diameter
droplets(less than 20 Microns) are capable of entering
any liver tissues (healthy, neoplastic, hypovascular, or
hypervascular) but they have seemingly low embolic
effect, tumor uptake is low, and they are, therefore,
rapidly entrapped in the lung. Tumor uptake of water-in-
oil emulsions was significantly higher than tumor uptake
of oil-in-water emulsions.

In addition, it is widely accepted that arteries in tumors
are larger than arteries in nontumorous liver. De Baere et
al. were able to demonstrate that iodized oil had a
propensity to pass through large vessels when the size of
oily emboli increased, and several authors found that
water-in-oil emulsions provided the largest oily emboli.

The ratio of iodized oil uptake between tumor and
nontumorous liver was significantly higher with large-
droplet water-in-oil emulsions compared to any other
products. The authors concluded that in their animal
model, the best emulsion would be one that combined
the highest embolic effect with the best iodized oil
uptake by the tumor, and that the larger-droplet water-in-
oil emulsions would therefore appear to fulfill these
criteria.

This correlates well with the viscosity values of pure
Lipiodol, water-in-oil emulsions and oil-in-water
emulsions respectively, the latter being the least efficient
for chemoembolization.

In addition, Demachi et al. demonstrated that water-in-
oil emulsions consisting of a chemotherapeutic agent,
iodized oil and contrast agent cause stagnation in
vessels. Their simulation indicated that water-in-oil
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emulsions injected into a hepatic artery before an
intraarterial injection of gelatin sponge particles are
more likely to embolize the microvasculature in an HCC
as a solid-like material than a water-in-oil emulsion
injected into a hepatic artery alone.

All authors concluded that the viscosity of the injected
product is a key feature in maintaining the efficacy of chemo-
embolization and is correlated to the amount of product
remaining into the tumor. Pure Lipiodol, Lipiodol with
lipophilic cytostatic and water-in-oil emulsions all are
the most viscous agents and are much more efficient
than oil-in-water emulsions where the continuous phase
is much less viscous. And all viscous agents induce a
greater therapeutic effect.

2°) Another way of correlating the vascular effect of
Lipiodol and its efficacy is to observe that chemo-
embolization with Lipiodol is more efficient in well
vascularized lesions as opposed to poorly vascularized
lesions. INOUE et al. observed that there are two patterns
of Lipiodol retention in the central portion of the tumors.
In some tumors, Lipiodol spread contiguously from the
periphery toward the center(type I). In other tumors,
although the Lipiodol stain began at the periphery, it next
appeared in the central portion of the tumor and then
spread to the intermediate areas(type II). Small tumors
with poor vascularization and low flow rates in the
hepatic artery displayed type II kinetics, whereas large,
vascular tumors with high flow rates displayed type I
features. So, when the flow rate in the feeding artery is
too small to be embolized by Lipiodol, Lipiodol is not
able to reach into the distal peripheral parts of HCC.
Consequently, Inoue recommended using larger
amounts of Lipiodol in tumors with type I kinetics than
in those with type II kinetics.

The vascularity of the tumor greatly influences the dose
of Lipiodol, which should be reduced, according to
Matsuo (1997), in patients with poorly vascularized
hepatocellular carcinoma. This is clearly in favour of the
role of Lipiodol as an embolic agent.

In addition to the embolic effect on arteries, some
authors such as Matsuo consider that segmental
chemoembolization with Lipiodol exerts its antitumor
effect not only via the arterial route but also via the
portal route since the daughter nodules and capsular
invasion sites are better treated by segmental TAE.
According to the authors, it has been reported that
immediately after Lipiodol chemo-embolization, reflux
of Lipiodol into the portal vein occurs. It is likely that
Lipiodol is retained within sinusoids, and that its reflux
occurs into the portal vein close to the tumor margin via
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direct back flow and/or arterio-portal communications,
such as vasa vasorum of the portal vein and peribiliary
arterial plexus.

b) The second mechanism involved in the therapeutic
effect of Lipiodol is the preferential uptake of Lipiodol
by HCC. For this second mechanism, the role of Kupffer
cells and also the changes in permeability of blood
vessels within the lesions should be discussed. It has
been shown that neovessels in the tumors are much
more permeable than normal vessels. In this context, one
can consider that Lipiodol enters the tumor tissue and
remains entrapped in it. Several authors have shown that
once macromolecules and lipids reach the interstitial
space, they cannot pass freely back into the circulatory
blood. This is described as the EPR effect, which stands
for Enhanced Permeability and Retention Effect.

The selective accumulation of iodized oil in
hypervascular hepatic tumors has also been attributed,
according to Kan et al., to electrostatic differences
between the iodized oil and cancerous endothelium,
transcapillary leak coupled with lack of lymphatic
clearance of the iodized oil in malignant tumors,
membranous attachment of the iodized oil to tumor
cells, clearance of the iodized oil by Kuppfer cells in
normal liver parenchyma as opposed to lack of clearance
from tumors without fixed macrophages, and
hemodynamic differences between tumors and normal
liver parenchyma. According to Kan, the most likely
reason for selective retention of the iodized oil in
hypervascular hepatic lesions is their specific
hemodynamic characteristics, which are different from
those of normal liver parenchyma.

¢) On the other hand, after injection of Lipiodol into the
hepatic artery, Kan et al. have shown that the number of
Kupffer cells in the liver increases, as well as the number
of oily droplets within these Kupffer cells. They
confirmed the hypothesis according to which these cells
are actively involved in the clearance of iodized oil.
Given that the stimulation of Kupffer cells enhances
their ability to kill tumor cells and consequently
prolongs survival rates, Kan suggested that iodized oil
could have a synergistic tumoricidal effect in the
treatment of hepatic tumors. The same idea was
suggested in 1999 in a study by Durand-Fontanier et al.
that demonstrated the antiproliferative and cytostatic
dose and time-dependent activities of Lipiodol on
cancerous cells. Their hypothesis is that this activity of
Lipiodol is related to its active uptake and selective
retention which lead to cellular death due to necrosis by
lipoperoxidation increase. This latter effect could be



associated with cellular membrane deterioration.

More recently, in 2002, Kuruppu et al. considered, on
the basis of an animal model, that macrophages could be
stimulated by the Lipiodol/Smancs mixture, inducing
release of Vascular Permeability Factors(VPF). Such a
release would secondarily increase permeability and
retention within the tumor.

These two ways of increasing the concentration in
abnormal liver cells could explain the larger uptake of
Lipiodol by HCCs and the persistence of the effect of the
cytostatic drugs which are entrapped in the Lipiodol.
However, several authors consider that the conventional
pumping method used to prepare emulsions of Lipiodol
with cytostatic drugs is not reproducible and produces
transient coarse emulsions which are very unstable.
Such unstable emulsions cannot ensure efficient
chemotherapeutic effect. The need to use a well prepared
product is probably mandatory if reproducible results are
to be obtained, even though many other factors are also
important for the success of chemoembolization.

In conclusion, the main factors explaining the effect of
Lipiodol during chemoembolization are the viscosity of
the product and of the external phase in the case of
emulsions, the permeability changes and the EPR effect,
and finally the possible synergistic tumoricidal effect of
Lipiodol that could enhance the therapeutic effect of the
chemoembolization.

However, several factors can modify the efficacy of
chemoembolization with Lipiodol, especially the
method used to obtain emulsions with water-soluble
cytostatic drugs. Since the external phase is a determining
factor for the final viscosity of the emulsions, a well
controlled water-in-oil emulsion (W/O) has to be
obtained to ensure an optimal effect of Lipiodol. Another
well known approach is to use a lipophilic cytostatic drug
to be mixed with Lipiodol. In any event, the Japanese
experience with chemoembolization using Lipiodol is
probably the most extensive in the world and the value
of this technique in patients with HCC is currently well
recognized.
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