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Abstract

AIM: To determine the safety and effectiveness of tran-
sarterial embolization ablation (TEA) of hepatocellular
carcinoma (HCC) with a lipiodol-ethanol mixture.

METHODS: Between January 1 and December 31,
2009, 15 patients with HCC (13 men/two women, aged
38-75 years) accepted TEA treatment and were enrolled
in this study, including five newly diagnosed patients
and 10 with refractory disease. Two months after TEA,
angiography and contrast computed tomography (CT)
were performed, and responses were assessed using a
modified version of Response Evaluation Criteria in Solid
Tumors (RECIST version 1.1). The follow-up period was
to June 30, 2010.

RESULTS: Every new case was treated once. Angiogra-
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phy was performed immediately after TEA, and showed
that the tumor-feeding vessels were completely embo-
lized and that lipiodol was densely deposited inside tu-
mors. Two months after treatment, contrast CT showed
no enhanced lesions. Alpha fetoprotein levels returned
to normal in four patients and markedly decreased in
another. mean £ SD survival after treatment was 10.8
% 4.5 mo. All five patients survived during the follow-up
period. Ten patients with refractory disease were treated
a total of 14 times. Angiography immediately after TEA
showed that blood flow to the tumors was obviously
decreased in all cases, and contrast CT showed obvious
depositions of lipiodol. Two months after treatment, the
tumors had shrunk (6/10) or were stable (3/10). One
had progressed after 2 mo and died of tumor rupture
3 mo after TEA. mean £ SD survival after treatment
was 8.6 £ 4.3 mo; two patients survived during the
follow-up period. Adverse effects included reversible he-
patic decompensation, upper abdominal pain, and fever.

CONCLUSION: TEA is an effective therapy for patients
with HCC and might be more effective than transcather
arterial chemoembolization for treating refractory dis-
ease.

© 2010 Baishideng. All rights reserved.

Key words: Transarterial embolization ablation; Lipiodol-
ethanol mixture; Hepatocellular carcinoma

Peer reviewer: Michael A Fink, MBBS, FRACS, Department
of Surgery, The University of Melbourne, Austin Hospital, Mel-
bourne, Victoria 3084, Australia

Gu YK, Luo RG, Huang JH, Si Tu QJ, Li XX, Gao F. Tran-
sarterial embolization ablation of hepatocellular carcinoma
with a lipiodol-ethanol mixture. World J Gastroenterol 2010;
16(45): 5766-5772 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v16/i45/5766.htm DOI: http://dx.doi.
org/10.3748/wjg.v16.i45.5766

December 7, 2010 | Volume 16 | Issue 45 |



Gu YK et al. Transarterial embolization of hepatocellular carcinoma

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon tumor wotldwide and the third most common cause
of tumor-related death!”. HCC is not sensitive to radio-
therapy or chemotherapy, therefore, surgery is still the
treatment of choice. Unfortunately, < 30% of patients
with HCC benefit from surgical resection because of un-
favorable tumor location, stage or extent of disease, lim-
ited liver functional reserve, or high operative risk”.

Minimal invasive ablation, a new treatment for HCC,
achieves complete responses in > 80% of tumors < 3 cm
in diameter. However, in tumors of 3-5 cm in diametet,
the complete response rate is only 50%". Therefore, abla-
tion is not recommended for tumors > 5 cm. HCC is a
hypervascular tumor that receives mostly hepatic arterial
blood"”. Since its introduction by Yamada e# 2/*” in the
1980s, transcatheter arterial chemoembolization (TACE)
has been widely used to treat patients with inoperable liver
tumors. The theoretical basis of TACE for treating HCC
is that chemotherapeutic agents mixed with embolic mate-
rial and injected into the hepatic artery will embolize the
arteries that supply the tumor and kill the tumor cells®™”.
However, Liu ¢f a/ also have reported that many HCC
tumors, especially those > 5 cm in diameter, receive blood
from both the hepatic artery and the portal vein. There-
fore, TACE must be administered more than once, and
tumor necrosis might still be incomplete!""?,

Ethanol can kill tumor cells, and percutaneous ethanol
injections have been used to treat unresectable small HCC
tumors'™?, Ethanol can also produce permanent micro-
circulatory embolization that inhibits tumor growth by
denaturing protein, coagulating platelets, and dehydrating
vascular endothelial cells in tumors'*'7.

Transarterial embolization ablation (TEA) has been
used to treat HCC with lipiodol-ethanol mixture (LEM) o),
Compared with TACE, TEA has the following potential
advantages: (1) LEM can permanently embolize tumor-
feeding vessels that come from the hepatic artery and
portal vein!™'""”); therefore, TEA might have a stronger
antitumor effect than TACE; (2) after TACE, tumor and
peritumoral normal tissues are ischemic, hypoxic, and se-
crete angiogenic substances that provide new conditions
for tumor proliferation and recurrence™"!, whereas TEA
leads to infarction of the entire tumor and of the peritu-
moral normal liver tissue without collateral circulation; and
(3) embolization of tumor vessels by LEM helps ethanol
diffuse into the tumor!****!, It has been reported that the
mean * SD lipiodol retention rate (89.5% £ 10.7%) after
TEA was significantly higher than after TACE (47.5%
t 21.2%) in liver lesions, and 1- and 2-year survival after
TEA (93.3% and 80.0%, respectively) was also significantly
higher than that after TACE (73.3% and 43.3%, respec-
tively). Furthermore, the 1- and 2-year incidence of extra-
hepatic metastasis after TEA (both 0%) was substantially
lower than it was after TACE (35.5% and 39.2%, respec-
tively)"”.

In the present small pilot study, we sought to de-
termine further the safety and effectiveness of TEA in
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treating patients with newly diagnosed and refractory
HCC tumors.

MATERIALS AND METHODS

Patient recruitment

The protocol was approved by the Institutional Review
Board of the Department of Medical Imaging and Inter-
ventional Radiology, Cancer Center, Sun Yat-sen Univer-
sity, Guangzhou, Guangdong, China. A total of 15 HCC
patients who provided written informed consent before
being enrolled in the study were treated with TEA from
January 1 to December 31, 2009. Inclusion criteria includ-
ed accurate proof of HCC, refusal of or contraindication
to surgical resection (five cases), refractory disease (10 cas-
es, progressed after TACE), Eastern Cooperative Oncol-
ogy Group performance status not greater than 2. Exclu-
sion criteria included total serum bilirubin = 50 pmol/ L,
serum albumin level < 28 g/L, and evidence of extrahe-
patic disease at presentation.

The demographic data of these patients are shown
in Table 1. There were 13 men and two women with an
average age of 55.7 + 10.3 years (range: 38-75 years). All
15 patients were positive for hepatitis B and had con-
comitant cirrhosis. With regard to liver function status,
13 had Child-Pugh classification grade A and two had
grade B. Of the 15, five had been recently diagnosed with
single-nodule HCC (patients with new tumors and tumor
diameter < 5 cm) and 10 patients with refractory tumors,
including five with huge lesions (> 5 cm) and five with
diffuse lesions. The five patients recently diagnosed with
single-nodule HCC were all a fetoprotein (AFP)-positive
and the lesion diameters ranged from 2.6 to 4.8 cm (mean
+ SD, 3.7 * 1.0 cm). The lesions were in the right lobule
in two patients and in the left in three patients. Three of
the five patients with huge HCC were AFP-positive, and
all lesions were in the right lobule and the lesion diameters
ranged from 8 to 15 cm (10.8 £ 3.1 cm). The five patients
with diffuse lesions were all AFP-positive.

Treatment protocol
After puncturing the right femoral artery with the Seld-
inger technique, a Yashiro (5F, Terumo Heart, Inc., Japan)
or R-H (5F, Terumo Heart) catheter was inserted into the
common hepatic or superior mesenteric artery through a
5-F catheter sheath. Angiography was then performed to
evaluate tumor blood supply and the surrounding vascular
anatomy. Next, a 3F microcatheter (Terumo Heart) was
inserted into the catheter (which remained in the proximal
hepatic artery) and was advanced into the tumor-feeding
arteries. For diffuse tumors, the microcatheter was insert-
ed into segmental or subsegmental liver arteries to avoid
the gastroduodenal and cystic arteries.

One percent lidocaine (from 2% lidocaine with saline,
1:1 by volume), 5-10 ml,, was injected through a 2.5-mL
syringe and followed by injection of a mixture of lipiodol
(Guerbert S.A., Villepinte, France) and absolute ethanol
(Department of Pharmacy, General Hospital of Guang-
zhou Military Command, China), 1:1 by volume. The in-
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Figure 1 A newly diagnosed patient with single-nodule treated by transarterial embolization ablation. A: An enhanced computed tomography (CT) scan of hepa-
tocellular carcinoma tumor before treatment. The tumor measured 3.5 cm x 3.3 cm (arrows); B: Hepatic artery angiography showed the thick blood vessels of the tumor
(arrowheads) and the abnormal vascular group (arrows) before treatment; C: Superselective angiography clearly showed tumor staining (arrows); D: After transarterial
embolization ablation with an lipiodol-ethanol mixture, lipiodol accumulated in the tumor (arrows); E: An enhanced CT scan 2 mo after treatment showed dense deposi-
tion of lipiodol in the tumor without enhancement (arrows); F: Hepatic artery angiography showed the absence of tumor blood vessels and tumor staining at 2 mo after

treatment (arrows).

Table 1 Demographic data

n

Features

Sex (M/F) 13/2

Age (yr) 55.7+10.3

Seropositive for HBsAg/HCV 15/0

Underlying cirrhosis (+/-) 13/2

Radiological/histological evidence of HCC 14/1

Newly diagnosed/refractory cases 5/10
Serum AFP level (ug/L)

< 200 2

> 200 13
Liver function status

Grade A/B 13/2
Feature of tumors

Single nodule' (< 5 cm) 5

Huge lesion” (> 5 cm) 5

Diffused lesion’ 5

"Patient with one tumor that was < 5 cm in diameter; *Patient with one
tumor that was > 5 cm in diameter; *Patient with multiple different size
tumors. HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C virus; HCC:
Hepatocellular carcinoma; AFP: o fetoprotein.

jection of LEM was stopped when the tumor-feeding ar-
teries were occluded, or when injection reflux was noted,
ot when the amount injected reached 60 mlL.

Follow-up was to June 30, 2010 and measurements
consisted of the degree of tumor embolization as deter-
mined visually immediately after TEA by angiography,
judged by two skilled radiologists, liver function [alanine
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aminotransferase (ALT) and aspartate aminotransferase
(AST)] for 1-7 d after TEA, and AFP levels, computed
tomography (CT) or magnetic resonance imaging, and
changes of postoperative symptoms and signs up to 8 wk
after treatment. Responses were assessed using a modified
version of Response Evaluation Criteria in Solid Tumors
(RECIST version 1.1)*".

RESULTS

Every newly diagnosed patient was treated once. The
maximum total dose of LEM was 54 mL. (10.8 = 5.4 mL).
Angiography immediately after TEA showed that all
tumor-feeding arteries were completely embolized and
that lipiodol had been densely deposited inside tumors.
CT images 2 mo after treatment showed lesions with
non-enhancement that had been replaced by deposition
of lipiodol (Figure 1). AFP levels returned to normal
in four patients (before TEA: 2947.6 = 3724.5 ng/ml;
post-TEA: 13.7 + 8.2 pg/mL; P = 0.04) and decteased
substantially in another patient (from 37625 pg/mL to
26376 pg/mL). Mean sutvival after treatment was 10.8
t+ 4.5 mo. All five patients survived during the follow-up
period (Table 2).

All refractory patients were treated a total of 14 times.
The total dose of LEM was 256 mL (mean: 18.3 + 13.5 mL).
Angiography immediately after TEA showed that blood
flow to the tumors was obviously decreased. Two months
after treatment, CT showed that lipiodol was deposited
more obviously than before and the tumors were smaller
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Figure 2 A patient with refractory tumors treated by transarterial embolization ablation. A: Limited lipiodol accumulation in a patient with a diffuse hepatocellular
carcinoma tumor after transcatheter arterial chemoembolization (TACE) (arrows); B: After a second treatment with TACE, the tumor had progressed and showed less
lipiodol accumulation (arrows); C: Hepatic artery angiography showed that tumor staining was not obvious. According to computed tomography images before transar-
terial embolization ablation (TEA), lipiodol-ethanol mixture was injected through the left and right hepatic arteries; D: Two months after TEA, the tumor had shrunk and

lipiodol accumulation had increased (arrows).

Newly Tumor response evaluation' Follow-up ~ Survival®
diagnosed period (mo)
cases Target lesion Time to
2 mo post-TEA progress (mo)
1 CR 9.9 16.8 Yes
2 CR 6.1 14.1 Yes
8] PR 6.3 915 Yes
4 PR Bl 743 Yes
B PR 0 6.3 Yes

'RECIST version 1.1; *Survival (yes), death (no). TEA: Transarterial emboli-
zation ablation; CR: Complete response; PR: Partial response.

(6/10) or stable (3/10) in nine patients (Figure 2). For
eight AFP-positive patients, AFP levels returned to nor-
mal in one patient, were decreased in six after a mean 2.5
Tt 1.1 mo, and continued to tise in one. The mean survival
was 8.6 = 4.3 mo after treatment. Two patients survived

during the follow-up period (Table 3).

Adverse events

Adverse events post-TEA are listed in Table 4. Of the 15
patients, 10 had transient elevations in transaminase after
TEA, all of whom returned to normal after drug treat-
ment to protect liver function. All patients had intraopera-
tive or postoperative upper abdominal pain, which was re-
lieved or eliminated after symptomatic treatment. Eleven
patients had fever at 2-7 d after TEA but recovered with
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Refractory  Tumor response evaluation' Follow-up  Survival®
cases period (mo)

Target lesion* Time to progress

2 mo post-TEA (mo)
1 PR 6.5 8.1 No
2 PR 7.8 143 Yes
3 PR 4.2 71 No
4 SD 3.9 6.1 No
5 SD 3.7 49 No
6 PR 6.2 10.1 No
7 SD 3.0 5.1 No
8 PR 6.5 16.7 Yes
9 PR 5.0 9.9 No
10 PD ? 35 No

'RECIST version 1.1; *Survival (yes), death (no); Continued to progress;
“Percentage of response evaluation: CR (0%), PR (60%), SD (30%), PD (10%).
TEA: Transarterial embolization ablation; CR: Complete response; PR:
Partial response; SD: Stable disease; PD: Progressive disease.

the administration of antipyretic drugs or dexamethasone
(5-10 mg). There were no other serious adverse effects.

DISCUSSION

Currently, TACE has become an important palliative
treatment for patients with inoperable HCCP! 250
Embolization of tumor-feeding arteries also prolongs the
exposure and concentration of tumor drugs and chemo-
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Adverse events n
Pain 15
Fever 11
Hepatic decompensation 10
Liver abscess 0
Biliary stricture or obstruction 0

therapeutic agents in the tumor microvascular bed, rather
than allowing the drugs to reach the systemic circulation,

5.

which would reduce their effectiveness™ . However,
HCC tumors are occasionally partially supplied by the
portal vein, especially when capsule formation around the
tumor is incomplete!”". After TACE, tumor blood sup-
ply from the portal vein increases, which makes achieving
complete tumor necrosis difficult. In addition, emboli-
zation after TACE creates ischemia and hypoxia in the
tumor and surrounding normal tissue, which leads tumor
cells and peritumoral normal liver cells to secrete angio-
genic factors, such as vascular endothelial growth factor
and fibroblast growth factors, which promote collateral
circulation and restoration of the tumor blood supply,
which leads to tumor proliferation and recurrence™?".
To achieve complete tumor necrosis, the blood supply to
the tumor from the liver artery and portal vein and fistula
between them needs to be stopped, and the formation of
collateral circulation needs to be prevented[32’33].

In animal experiments, Kan ez al™ have proved that
transarterial injection of LEM achieves lobar ablation ef-
fects because it simultaneously embolizes the hepatic ar-
tery and portal vein. Ethanol is a strong protein coagulant
that can inactivate tumor cells directly 7z sit# and cause
vascular endothelial injury and platelet cohesion, which re-
sults in permanent occlusion of tumor-feeding vessels and
tumor infarction without causing collateral circulation' ',

In 1993, Matsui ¢ @/'" described transarterial ethanol
embolization of HCC. However, ethanol is not radio-
opaque, and its flow and speed are difficult to visualize
when it is administered. In contrast, LEM traces not only
the ethanol, which is necessary to avoid regurgitation and
ectopic embolization, but also enhances the effects of
embolization. Therefore, we call the transarterial injection
of LEM TEA to distinguish it from TACE by injection

of gelatin sponge or other embolic materials.

Optimal lipiodol:ethanol ratios
We treated 15 HCC patients with a mixture of equal vol-
umes of lipiodol and ethanol. The results showed that
TEA could completely embolize tumor-feeding vessels, re-
duce the size of single-nodule HCC tumors, and decrease
levels of AFP. Enhanced CT examinations of the liver
showed no enhancement of lesions. For refractory HCC,
TEA can also shrink tumors and decrease AFP levels.
Reports were varied about the effectiveness of dif-
ferent ratios of lipiodol to ethanol. Matsui ez al'" have
treated 100 patients with 124 HCC tumors < 4 cm with
equal volumes of lipiodol and ethanol through hepatic
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artery injection. Survival rates for 82 patients with Child
class A or B disease at 1 and 4 yeats were 100% and 67%,
respectively. Kan e al"™ have reported that embolic effects
were better when the lipiodol:ethanol ratio was 5:1, 4:1, or
3:1 than if the ratio was 1:1. Howevet, several studies have
reported good results in treating HCC with transarterial
injections with lipiodol:ethanol ratios between 3:1 and
about 1:3161719343¢]

We think that the lipiodol:ethanol ratio can be adjusted
according to the type of HCC. For single-nodule HCC, a
relatively high lipiodol ratio (such as 2-3:1) is appropriate
because the tumors are relatively small, have a complete
capsule, and have a blood supply that comes mainly from
the hepatic artery, with few fistulae between the hepatic
artery and the portal vein. The injury to small arteries is
relatively slight because of the lower percentage of ethanol
in the mixture, and accordingly, more LEM is deposited
inside the tumor. Meanwhile, the uptake of lipiodol by
liver cancer cells means that the mixture is retained longer
in tumor cells and has more time to produce antitumor ef-
fects!™,

For refractory HCC, a relatively high ethanol ratio is
appropriate to inhibit the double blood supply from the
hepatic artery and the portal vein with fistulae between
them. Ethanol can permanently embolize tumor-feeding
vessels and block the fistulae, as well as reducing the loss
of lipiodol and extending the exposure time in the tumor
cells, which achieves a better therapeutic effect. However,
further research is needed to determine the optimal lipi-
odol:ethanol ratios for different types of HCC.

Treating adverse events

The most common adverse events after TEA were liver
dysfunction, fever, and upper abdominal pain. In this
study, 10 of 15 patients experienced liver dysfunction,
and mean levels of ALT and AST rose to 600-1200 U/L
in serious cases; therefore, liver function needs to be
monitored closely and protected after TEA. We usually
review patient’s liver function the day after TEA and then
every 2-3 d until it returns to normal or nearly normal.
Antipyretic drugs or dexamethasone are usually effective
in treating fever. Damage to the vascular wall caused by
ethanol results in upper abdominal pain in all patients. We
administer intramuscular injections of 10 mg diazepam
at 10-30 min before treatment and 10 mg intramuscular
morphine after catheterization of tumor-feeding arter-
ies. We also inject 5-10 mL 1% lidocaine into the arteries
before LEM. Patients generally tolerate TEA given this
preparation. We stop injection of LEM for 1-2 min if
patients feel pain and resume injection when the pain is
relieved after injection of lidocaine through the catheter.
For those who still feel pain after TEA, a fentanyl patch
(4.2 mg from beginning) can be applied.

Potential problems and study limitations

Ethanol is a strong protein coagulant and a permanent em-
bolic material, but it can also injure normal liver tissue and
vessels™ " Therefore, tumor blood vessels must be
selected and treated carefully to avoid severe liver damage,
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and even failure, and other serious complications caused
by shallow intubation. On the other hand, excessively deep
intubation can lead to incomplete embolization.

In addition, the speed of injection can also affect the
efficacy of TEA. Blood dilutes ethanol and therefore will
weaken the effect of ethanol on tumor cells if it is injected
slowly, yet rapid injection might destroy blood vessel walls
and form a vessel-casting mold. Injection of too much
mixture can lead to reflux into normal liver tissues or to
the blood vessels that supply the gastrointestinal tract.
Therefore, research is needed into the effect of injection
speed and on the dose of LEM.

Our study had some limitations. The sample size was
small, but it was large enough to prove the concept. The
follow-up after TEA was also short, and long-term ef-
ficacy needs to be studied further. In addition, some huge
tumors had some necrosis before TEA, and the degree
of tumor shrinkage was difficult to determine. Finally, we
determined efficacy only on the basis of angiographic and
CT imaging, without a postoperative pathological exami-
nation. These limitations can easily be avoided in larger,
longer, and better-funded studies.

On the basis of our findings, we conclude that TEA
is effective therapy for patients with HCC and might be
better than TACE for treating refractory disease. Further
studies, including randomized controlled trials, are wat-
ranted to confirm its role.

COMMENTS

Background

Transarterial embolization ablation (TEA) is a new treatment strategy for hepa-
tocellular carcinoma (HCC). Some researchers have reported its effectiveness
in HCC, especially in single-nodule HCC. However, its clinical effect for refrac-
tory HCC [not suitable for surgery and local ablation and with disease progres-
sion after transcatheter arterial chemoemblization (TACE)] remains unknown.
Research frontiers

TACE is accepted widely in treating advanced HCC because of its confirmed clini-
cal effect. Advanced HCC tumors often receive blood from the hepatic artery and
portal vein. Therefore, TACE must be administered more than once, and tumor
necrosis can still be incomplete. In the present study, the authors demonstrated
that TEA with lipiodol-ethanol mixture was an effective therapy for patients with
HCC and might be more effective than TACE for treating refractory disease.

Innovations and breakthroughs

TACE with a mixture of lipiodol and ethanol has been shown to be an effec-
tive treatment for intrahepatic lesions of HCC, although it has not been widely
used or described. Recent reports have highlighted the importance of this new
method for its good results in nodular or capsulated HCC. Furthermore, this
study suggests that this new method can also be applied in advanced refractory
HCC.

Applications

Due to the exciting results and acceptable adverse events, TEA could represent
a future treatment strategy for advanced HCC.

Terminology

Lipiodol is a very important embolization agent in TACE of HCC. Ethanol can
kill tumor cells, and percutaneous ethanol injections have been used to treat
unresectable small HCC tumors (chemical ablation). Ethanol can also produce
permanent microcirculatory embolization that inhibits tumor growth by denatur-
ing proteins, coagulating platelets, and dehydrating vascular endothelial cells in
tumors. Transarterial lipiodol-ethanol mixture injection is called TEA.

Peer review

The authors report on the prospective follow-up of 15 patients treated with lipiodol-
ethanol injection. The results are interesting. They reveal that TEA is a effective
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and safe treatment for advanced HCC. A further comparative study with TACE is
needed to re-evaluate this new method.
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