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Lipiodol trans Arterial 
Chemoembolization (tACe) in the 
treatment of hepatocellular carcinoma
The recent approval by the French Regulatory authorities of Lipiodol/drug emuslsions for the visu-
alization, localization and vectorization of hepaatocellular carcinoma has focussed attention on 
this therapeutic application of a product originally introduced to the market decades ago as an 
iodine-based X-ray contrast agent. The U.S. Food and Drug Administration Agency (FDA) recently 
announced that the French company Guerbet — the manufacturer of Lipiodol — was one of only 
two drug companies selected to receive a Drug Shortage Assistance Award for its role in prevent-
ing or alleviating drug shortage of Lipiodol in the US  
This article reviews the current status of the use of Lipiodol/drug emulsions in Trans Arterial 
ChemoEmbolization for the treatment of intermediate stage hepatocellular carcinoma. 

Hepatocellular carcinoma (HCC) is the most common 
primary tumor of the liver and accounts for 7% of all 
tumors. Worldwide, it is the sixth most common cancer 
and is the second most common cause of death due to 
cancer. HCC develops most often in the cirrhotic liver be 
it alcohol-induced or viral. More rarely, HCC may develop 
in non-alcoholic steatohepatitis (NASH). The choice of 
the most appropriate therapeutic approach for the treat-
ment of HCC should therefore take into account not only 
the staging of the cancer itself but also the degree of the 
underlying cirrhosis. To facilitate the evaluation of these 
aspects, several scoring systems have been developed for 
both diagnostic and therapeutic staging purposes [1, 2]. 

TRANs ARTERIAL CHEMOEMBOLIZATION (TACE) 
TACE is recommended in cases of intermediate stage 
HCC, as defined by the European Orgnaisation for 
Research and Treatnment of Cancer (EORTC} and the 
European Association for the Study of the Liver (EASL) 
[1]. Intermediate stage HCC generally occur in patients 
in otherwise good general health with a relatively well-
compensated cirrhosis but which cannot be treated by 
curative techniques such as surgical resection, radiofre-
quency ablation or transplantation. 

Developed initially in Japan in the early 1980s the tech-
nique of chemoembolization was more widely adopted 
after the publication of two randomized controlled trials. 
One of these trials used doxorubicin [3] as the therapeutic 
agent and the other cisplatin [4]. The technique is now 
considered as the method of choice for the treatment 

of intermediate stage HCC. Chemoembolization using 
Lipiodol is currently the only treatment course for inter-
mediate stage HCC which has been shown to be superior 
to supportive care in terms of efficacy. 
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FigUre 1. Screenshot of the injection of Lipiodol/doxorubicin emulsion in 
the hepatic artery, catheterized with a 5F catheter and a microcatheter (arrow-
heads).  Droplets of Lipiodol can be seen at  the tip of the catheter (white 
arrows). Numerous drops are selectively migrating into the tumor-feeding arter-
ies (black arrows) to reach the tumors (asterisks) which have already taken up 
Lipiodol as can be seen  by the  dense staining.
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The technique consists of injecting 
an emulsion of Lipiodol (iodinated ethyl 
esters of fatty acids isolated from poppy 
seed oil) together with a chemothera-
peutic drug (usually doxorubicin or 
cisplatin). Lipiodol was first introduced 
to the market as an iodine-based X-ray 
contrast agent several decades ago and 
has an impressive toxicological safety 
record built up over the years. In TACE 
the emulsion is slowly injected into the 
artery or arteries feeding the tumor. 

The advantage of the use of Lipiodol 
emulsion lies in its pharmacokinetic 
characteristics which result in a decrease 
of the escape of the doxorubicin into 
the systemic circulation, so resulting in 
a higher intra-hepatic or intra-tumoral 
concentration of the drug [5]. During 
the TACE procedure using Lipiodol 
emulsion, the ratio of the concentra-
tion of doxorubicin in the tumor tissues 
to that of the drug in the non-tumoral 
tissues of the liver is of the order of 
4 to 10 times. Lipiodol has thus been 
characterized as having a high selectiv-
ity for the tumor as well as a temporary  
embolic effect. 

The tumor selectivity is due to the 
surface tension properties of Lipiodol. 
These have the effect that when the 
emulsion reaches arterial branching 
points, it flows preferentially into the 
arteries of larger diameter [6]. This ten-
dency to favor arteries of larger lumen 
diameter means that the concentration 
of Lipiodol is increased in the imme-
diate tumor environment, since larger 
diameter arteries vascularize the tumor. 
Finally the fact that the injected mix-
ture is a water-in-oil emulsion (Lipiodol 
contains drug droplets) further directs 
the drug towards the tumor. In addition 
Lipiodol is radio-opaque and so enables 
the distribution of the chemoembolizing 
agent to be directly visualized during the 
actual injection process [Figure 1]. 

Even though Lipiodol does have a 
temporary embolizing effect in its own 
right [7], it has been shown that a sim-
ple injection of the emulsion of a che-
motherapeutic agent in Lipiodol does 
not yield optimal results. To achieve 
this, a particulate embolization is also 
needed after the injection of the emul-

sion. It has been shown that patients 
receiving a particulate embolization 
have an overall increased survival rate 
[8]. Such complementary emboliza-
tion enables an increase in the level 
of necrosis in the principal tumor [9]. 
Lipiodol has the unique property of 
being able to pass into the distal portal 
system [7]. This occurs via the peri-
biliary plexus (the network of small, 
distal arterioles linking the arterial 
with the portal system) [10]. No par-
ticulate embolization systems have 
this property of “double embolization” 
because their diameter is too large to 
enable passage through the peri-bili-
ary plexus. It has been shown that the 
amount of emulsion passing through 
the peribiliary plexus correlates 
with a reduced level of local tumor  
recurrence [11,12]. 

LIpIOdOL
Manufactured and marketed by the 
French pharmaceutical group  Guerbet, 
Lipiodol was recently  approved by the 
French National Agency for Medicines 
and Health Products  for “visualization, 
localization and vectorization of hepato-
cellular carcinoma during trans-arterial 
chemoembolization”.  The first two of 
these parameters, namely visualiza-
tion and localization of HCC are based 
on the preferential Lipiodol uptake by 
tumor. Such uptake can be monitored 
by 3D cone beam CT imaging during 
the TACE procedure and is useful for 
evaluating the completeness of the treat-
ment in nearly real time [Figure 1], [13]. 

However, even more useful and inter-
esting is the fact that the fixation of Lipi-
odol in the tumor is actually a biomarker 
predictive of the tumor response. There 
is an excellent correlation between the 
amount of Lipiodol in the tumor and 
the extent of necrosis, as determined by 
anatomo-pathological analysis whereas, 
in contrast, the measure of the decrease 
in the size of the tumor does not corre-
late with the level of necrosis [14]. 

Other chemoembolization products 
have been analyzed and compared with 
the use of Lipiodol in the treatment of 
HCC. However, up until now, no alterna-
tive product has been shown to be supe-

FigUre 2. (a) MRI of  the arterial phase of a seg-
ment IV biopsy-proven HCC shows a hypervascular 
tumor that demonstrates the same pattern of arterial 
enhancement as with CT (b) .  Three months after two 
courses of TACE using doxorubicin/Lipiodol/Gelfoam  
MRI shows a complete devascularisation of the tumor 
(c). On CT 6 months later there is a clear uptake of 
Lipiodol by the tumor, and satellite nodules (arrows) 
without any remaining arterial enhancement. There is 
a complete mRECIST response. The patient has now 
been under surveillance for 2 years.
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rior to Lipiodol in randomized clinical 
trials designed to show the superiority 
of the challenger products over Lipiodol. 
Currently chemoembolization using 
Lipiodol is the reference method of 
choice for the treatment of intermediate 
stage hepatocellular carcinoma as speci-
fied in the EASL and EORTC guidelines 
[Figure 2]

The recent approval by the French 
regulatory authorities of the Lipiodol 
procedure in fact reflects the use of the 
approach which has been widely prac-
ticed over many years and is based on 
data published in a large number of 
papers – the current bibliography com-
prises more than 1000 peer-reviewed 
papers, including two randomized con-
trolled clinical trials. It is this compel-
ling body of medical evidence that lies 
behind the decision of the EASL and 
EORTC to include the Lipiodol chemo-
embolization technique in their guide-
lines with a recommendation level of 
grade 1A. 

CLINICAL TRIALs
One of the most recent large prospec-
tive studies on Lipiodol TACE for HCC 
is a cooperative study between Japan and 
Korea and involved on 99 patients [15]. 
Interestingly the group used the same 
inclusion criteria as those used more than 
10 years ago in the randomized study by 
Llovet et al. who showed the superiority 
of TACE over supportive care [16]. In the 
recent study, Ikeda et al showed a response 
rate to TACE of 73%, a 2-year overall 
survival rate of 75.0% (95% CI, 65.2%–
82.8%) and a median overall survival of 
3.1 years. These data contrast with the ear-
lier study in which Llovet et al reported a 
35% response rate to TACE, a 2-year over-
all survival rate of 63.0% and a median 
overall survival of 2.1 years, although the 
response rates cannot be directly com-
pared, since different criteria were used 
for the assessment of response (mRECIST 
vs. WHO). Nevertheless there is a clear 
improvement in survival. This is probably 

due to several factors, including better 
patient selection and improved treatment 
techniques, microcatheter, 3D cone beam 
CT angiography, automatic recognition 
systems for tumor feeders [17].

fuTuRE pERspECTIvEs
There are several possible approaches 
which have the potential to further 

improve the technique. In particular 
the identification of the optimal che-
motherapeutic drug to incorporate in 
the Lipiodol emulsion could result in 
improvement in patient outcome (at the 
moment the EASL and EORTC guide-
lines only specify the use of doxorubicin 
and cisplatin). Likewise, standardization 
and optimization of the actual method 
of preparation of the drug /Lipiodol 
emulsion has the potential to improve 
overall therapeutic benefit 
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“.....It has been shown that patients receiving a particulate 
embolization  have an overall increased survival rate [8]. 
Such complementary embolization enables an increase 

in the level of necrosis in the principal tumor [9].....”


