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Abstract
Curative therapies for hepatocellular carcinoma (HCC), 
such as resection and liver transplantation, can only 
be applied in selected patients with early tumors�� More 
advanced stages require local or systemic therapies�� 
Resection of HCC offers the only hope for cure�� Even 
in patients undergoing resection, recurrences are com-
mon�� Chemoembolization, a technique combining intra-
arterial chemotherapy with selective tumor ischemia, 
has been shown by randomized controlled trials to be 
efficacious in the palliative setting�� There is now re-
newed interest in transarterial embolization/transarte-
rial chemoembolization (TACE) with regards to its use 
as a palliative tool in a combined modality approach, 

as a neoadjuvant therapy, in bridging therapy before 
transplantation, for symptomatic indications, and even 
as an alternative to resection�� There have also been 
rapid advances in the agents being embolized trans-ar-
terially (genes, biological response modifiers, etc�� )�� The 
current review provides an evidence-based overview of 
the past, present and future trends of TACE in patients 
with HCC��
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the third most common cause of  
cancer-related death in the world[1]. Due to the high 
prevalence of  hepatitis B in Africa and Asia and hepa-
titic C in America and Europe, the incidence of  HCC 
is increasing[2]. Whilst surgery is curative, only one third 
of  patients with HCC are suitable candidates for he-
patic resection[3]. Even in those who undergo resection, 
the cumulative recurrence of  HCC is 70% at 5 years 
after surgery[4]. Liver transplantation is the treatment of  
choice in a selected subset of  patients, but this modality 
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is plagued by the limited availability of  donors[4]. With 
regards to secondary tumors, only 25% of  patients with 
colorectal metastases are candidates for surgery. Even in 
those patients who have undergone a successful margin-
free resection, 60% develop recurrence[5]. Systemic che-
motherapy has been shown to have limited therapeutic 
effects for primary and secondary hepatic malignancies, 
with tumor response rates of  less than 30%[5,6]. Hence 
palliative management is the mainstay of  therapy for 
most patients with primary and secondary liver tumors[6]. 
Most investigative efforts have now converged on local 
control, with transarterial embolization (TAE) and tran-
sarterial chemoembolization (TACE) having an estab-
lished role in therapy. TAE/TACE is used as an effective 
means of  palliation for unresectable tumors[6-8]. It has 
been used in the adjuvant setting to manage postopera-
tive recurrent hepatic tumors[8]. Trials with conflicting 
results have also shown TACE to be useful as an alter-
native to surgery for resectable tumors[9,10]. This review 
aims to provide an overview of  published studies of  
TACE in HCC in order to establish an evidence-based 
practice of  this procedure in the management of  HCC.

HISTORY
The first attempt at inducing ischemic tumor necrosis 
and thereby tumor regression was done by operative 
hepatic artery ligation by Mori et al[11] in 1966. The ef-
fect of  this procedure was transient due to the rapid de-
velopment of  a collateral circulation. The first success-
ful TACE for liver tumors has been credited to Doyon  
et al[12], who performed it in 1974. Gelatin sponge as an 
embolizing agent along with an anticancer agent was first 
employed by Yamada et al[13] in 1983.

PRINCIPLE
The principle of  TACE/TAE revolves around the basic 
concept of  dual blood supply of  the normal liver. Liver 
tumors derive 90% of  their blood from the hepatic 
artery[14]. Park et al[14] conceptualized carcinogenesis of  
HCC as a multistep process involving parenchymal ar-
terialization, sinusoidal capillarization and development 
of  unpaired arteries (a vital component of  neoangio-
genesis). All these events lead to a gradual shift in blood 
supply from portal to arterial circulation. This radical 
concept has been validated using dynamic imaging mo-
dalities by various investigators[15,16]. Sigurdson et al[17] 
showed that when an agent was infused via the hepatic 
artery, it attained ten times higher intratumoral concen-
tration as compared to when it was given through the 
portal vein. Hence, arterial treatment targets the tumor 
while normal liver is relatively spared. Embolization 
induces ischemic necrosis of  tumor causing a failure of  
the transmembrane pump, resulting in a greater absorp-
tion of  agents by the tumor cells[18]. Tissue concentration 
of  agents within the tumor is more than 40 times that of  
the surrounding normal liver[17,18].

EMBOLIZING AND CHEMOTHERAPEUTIC 
AGENTS
The use of  lipiodol was a major breakthrough in TAE. 
Lipiodol, a lymphangiographic dye, is iodized poppy 
seed oil. It is found to remain selectively in the neovas-
culature and extravascular spaces of  liver tumors[18]. It 
has been shown to persist selectively in the tumor for a 
few weeks[19]. The reasons for this prolonged intra-he-
patic persistence is unclear, but theories include a hemo-
dynamic difference between the hypervascular hepatic 
tumors and the liver parenchyma with an absence of  
Kupffer cells in the tumor[18,19]. The maximum safe dose 
of  lipiodol is 15 mL, with the general rule of  1 mL of  
lipiodol/cm of  tumor being used as a pharmacological 
guide by interventional radiologists[20]. The ideal emboli-
zing agent has to be bigger than the tumor arterio-hepat-
ic-portal shunt and peribiliary plexus, but small enough 
to enter into the tumor feeding vessels to induce effec-
tive tumor embolization[20]. Multiple agents have been 
used, the most common being gelatin microspheres. 
Other agents used include autologous blood clots, poly-
vinyl alcohol particles, cyanoacrylate, absolute alcohol, 
collagen, starch microspheres, glass microspheres and 
resin microspheres[21,22]. Doxorubicin is the most com-
monly used chemotherapeutic agent. It is used either 
singly or in combination with cisplatin, mitomycin or 
5FU. Other agents used include streptozocin, vinblastine 
and gemcitabine. No clear superiority for any particular 
cytotoxic agent/regimen has been demonstrated[23,24].

INDICATIONS
Indications for TAE/TACE are hypervascular tumors 
confined to the liver, or tumors where the intrahepatic 
component is the main source of  morbidity and mortal-
ity. Embolization is usually done for HCC, cholangio-
carcinoma and hepatic metastases[3,5-7,22]. TAE/TACE 
has also been used for symptom relief  in patients with 
intractable abdominal pain and hypercalcemia[25,26]. It has 
also been effectively used for benign liver tumors like 
giant hemangioma and symptomatic epithelioid heman-
gioendothelioma[27,28]. An important consideration to 
be addressed before embolization is the liver function. 
Different criteria to assess liver function have been used 
including Child-Pugh classification, Okuda staging and 
CLIP score, but none of  these systems indicate which 
patients would benefit from TACE[6,24,29]. In the Barcelo-
na Clinic Liver Cancer (BCLC) staging, TACE is recom-
mended for intermediate stage (Okuda 1-2, performance 
score 0, and large or multinodular HCC), and in selected 
patients with advanced stage (Okuda 1-2, performance 
score 1, no extrahepatic HCC)[3,6,7,29].

CONTRAINDICATIONS
Even though there are no absolute contraindications 
to TACE, a combination of  bad prognostic indicators 
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is considered a contraindication. These include a mas-
sive or diffuse tumor involvement of  more than 50% 
of  liver, hepatic insufficiency/failure, portal vein inva-
sion, high serum bilirubin (more than 3-5 mg/dL), high 
α-fetoprotein more than 1000 ng/mL, high levels of  
serum LDH (more than 425 IU/L) and transaminases 
(more than 100 IU/L)[6,7,13,23,24,29,30]. Contraindications to 
the chemotherapeutic agent and anaphylactic reactions 
to the contrast media also remain a contraindication. 
Even in patients with poor hepatic functional reserve, 
superselective TACE has been successfully attempted. 
Though there is a higher risk of  hepatic insufficiency 
and hepatic infarction, portal vein occlusion is no longer 
an absolute contraindication[30]. Fan et al[31] showed that 
TACE can safely be performed in patients with main 
portal vein occlusion as long as hepatopetal collateral 
flow is maintained. In these patients a reduced dosage 
of  chemoembolic agents is used and a super-selective 
administration into tumor-feeding arteries is done[30,31].

PROCEDURE
Pre-procedure workup includes evaluating the hepatic 
functional reserve and a baseline tumor marker assay. El-
evated levels are a good indicator of  treatment response, 
but on the flipside high tumor marker levels also indicate 
an overall poor prognosis[24]. Cross-sectional imaging is 
imperative to assess the size and extent of  the tumor, for 
accurate segmental localization and to assess the macro-
scopic angioinvasion into the hepatic and portal veins. 
Other imaging studies to assess comorbid and/or meta-

static disease are also performed pre-procedure. The 
procedure is tailored according to the hepatic functional 
reserve, tumor extent and major portal vein invasion, 
with every effort being made to preserve nontumorous 
liver parenchyma from chemoembolization[24,30]. Access is 
by the Seldinger technique, with initial diagnostic visceral 
arteriography (Figure 1A) being performed to assess the 
arterial anatomy and its variations, including the origins 
of  cystic artery, right and left gastric arteries and falci-
form artery. All tumor feeding arteries need to be identi-
fied to avoid non-targeted embolization[32]. If  there is a 
prominent arterio-portal shunting, the collateral/shunt 
vessels need to be embolized first[32,33]. After appropriate 
positioning of  the catheter, a mixture of  iodized oil and 
chemotherapeutic agent is injected. The endpoint for the 
mixture administration is stasis in the tumor-feeding ar-
teries and appearance of  iodized oil in the peri-tumoral 
portal vein tributaries[6,7,13,19,20] (Figure 1B). 

Post-procedure care includes pain control, which apart 
from routine narcotic analgesics can be achieved by pre-
embolization instillation of  intra-arterial lidocaine[6,7,13]. 
Routine administration of  prophylactic antibiotics is not 
recommended; antibiotics are indicated for special situa-
tions such as a stented patient, history of  previous inva-
sive interventions in the liver and presence of  a biliary-
enteric anastomosis[34,35]. Patients are routinely followed 
up at 2-4 wk with liver function tests and tumor marker 
assay. A multiphase helical computed tomography is done 
to determine local or remote tumor recurrence at 4-8 wk 
(Figure 2). If  there is any evidence of  viable tumor, a re-
peat TACE can be performed safely in 4-16 wk[36,37].

A

B

A

B

Figure 1  Left lobe �e��to�ellul�r ��r�i�o�� �re�e�boli��tio� ��giogr���e��to�ellul�r ��r�i�o�� �re�e�boli��tio� ��giogr�� 
(A) ��d �ost�e�boli��tio� ��giogr�� (B).

Figure 2  Post tr��s�rteri�l ��e�oe�boli��tio� e�rly (A) ��d l�te (B) 
follow�u� �o�tr�st�e�����ed �o��uted to�ogr���y.
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TACE IN HCC
Initial randomized trials failed to show any significant 
benefit of  TACE in patients with HCC. However, these 
studies were plagued by heterogeneous techniques and 
protocols, usage of  different chemotherapeutic or em-
bolic agents and varied treatment intervals[38,39]. Pelletier 
et al[39] compared patients treated by TACE using doxo-
rubicin and gelatin sponge powder with a non-treated 
group. The survival rate was not significantly different; 
the main criticism of  this study was that gelatin spon-
ge powder was used instead of  sponge microspheres, 
causing a rapid deterioration in liver function[39,40]. The 
French cooperative group was the other randomized 
study which failed to show a statistically significant sur-
vival rate in patients undergoing TACE[38]. This study 
was criticized because patients underwent TACE every 
2 mo causing deaths unrelated to tumor growth[40]. More 
recent randomized studies have all shown a survival ben-
efit of  TACE in patients with HCC[6,7,41]. Cammà et al[6] 
in their meta-analysis concluded that TACE significantly 
reduced the overall 2-year mortality rate (odds ratio 0.54).

TACE plays multiple roles in the management of  
HCC. It is used in the palliative setting, and it is used in 
cases with post resection intrahepatic recurrent HCC. 
TACE is used as an adjuvant therapy for preventing 
postoperative recurrence, and it is also used as a primary 
treatment modality in ruptured HCC[4,8,40,42,43]. There is 
significant interest in the use of  TACE as a neoadjuvant 
therapy in patients with resectable liver tumors. TACE 
has been performed before hepatic resection, mainly 
in patients with large tumors to reduce the tumor vol-
ume[8,44]. Chua et al[44], in their systematic analysis, con-
cluded that the use of  TACE as a neoadjuvant treatment 
in resectable HCC is safe and efficacious with high rates 
of  pathological responses; however, it did not appear to 
improve disease-free survival. TACE has been shown 
to be efficacious as a bridging therapy to inhibit tumor 
growth for patients awaiting transplantation[8,43,45,46]. Post-
operative adjuvant TACE is recommended for patients 
with high risk of  early recurrence[8,42,43]. TACE has also 
been used as a part of  multimodality therapy with an 
aim to reduce the size of  large tumors and obtain a syn-
ergistic effect on tumor necrosis[24,40,47]. Different combi-
nations of  TACE with percutaneous ethanol injection, 
radiofrequency ablation and laser ablation have been at-
tempted, with all the combinations showing an improved 
survival and a reduction in local recurrence rates[24,47-49]. 
No single multimodality treatment has been shown to be 
superior to another[49].

TACE IN OTHER LIVER TUMORS
The non-hypervascular nature of  colorectal metastases 
limits the quantum of  chemotherapeutic and embolic 
agent being delivered[50]. TACE is hence used as second-
line therapy after systemic chemotherapy has failed, with 
response rates of  approximately 25%[5]. Since neuroen-
docrine metastases are hypervascular and often confined 

to the liver, they have a high response rate. These patients 
demonstrate excellent survival rates after TACE (median 
survival more than 2 years)[51]. However, it is unclear 
whether TACE significantly improves survival in this 
cohort, as prolonged survival is the norm in advanced 
neuroendocrine disease and, moreover, these tumors are 
not associated with cirrhosis[51]. TACE produced a major 
(more than 50% regression) response in 70% of  patients 
with gastrointestinal stromal tumors, lasting 8 to 31 mo. 
TACE has been recommended for unresectable liver me-
tastasis not responding to imatinib[52].

COMPLICATIONS
Major complications following TACE are rare (less than 
5%) with procedure-related mortality occurring in 0.5% 
of  the patients[53]. The major predisposing factors for 
complications include main portal vein obstruction, 
compromised hepatic functional reserve, biliary obstruc-
tion, previous biliary surgery, excessive lipiodol injection 
and nonselective embolization[6,22,23,30-34]. A unique com-
plication associated with TACE is the post-embolization 
syndrome (PES). Even though this is a self-limited 
condition, it prolongs hospitalization and postpones ad-
ditional treatment. PES commonly presents with fever, 
nausea, vomiting and right upper quadrant pain associ-
ated with elevated transaminases. The exact etiology is 
not known but proposed theories include acute ischemia 
of  liver parenchyma, distension of  liver capsule and gall-
bladder ischemia following cystic artery embolization. 
Treatment is mainly supportive with antiemetics, anal-
gesics and antipyretics, with steroids being reserved for 
the more severe cases. Pre-TACE intra-arterial adminis-
tration of  lidocaine has also been shown to reduce the 
incidence of  PES[6,8,22,23,30,36,54]. Liver failure is the most 
serious complication associated with TACE. It is seen 
in 20% of  patients with 3% of  the patients going on to 
irreversible failure. Predisposing factors for liver failure 
include hyperbilirubinemia, higher dose of  anticancer 
drug and advanced cirrhosis[6,8,24,30,31,36,55].

Liver infarction following TACE occurs due to a 
combined arterial and portal blockage. Patient with 
portal vein obstruction, hepatic insufficiency and biliary 
obstruction are at a higher risk of  liver infarction[24,31]. 
Reducing the dosage of  the agent, super-selective ad-
ministration into the tumor feeding artery, a lower dose 
of  iodized oil in Child-Pugh class B/C patients and pre-
procedure decompression biliary system are some of  the 
measures used to decrease the risk of  post-embolization 
liver infarction[6,30,31,36,55].

Symptomatic bacterial infections occur in 4% of  
cases with septicemia occurring in about 1%[34]. The ma-
jor predisposing factors for these complications include 
portal vein obstruction, biliary obstruction, presence 
of  ascites and biliary-enteric anastomosis. Prophylactic 
antibiotics have been recommended for patients with 
the above-mentioned risk factors[24,30,34,35]. Biliary injury 
is observed in 8% of  the patients, with most cases be-
ing asymptomatic. Intrahepatic bile ducts are most often 
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affected and they present as intrahepatic bilomas, focal 
strictures of  the duct or as diffuse dilations of  intrahe-
patic bile duct[30,56]. TACE-induced biliary injury occurs 
mainly due to blockage of  the peribiliary capillary plexus 
which is the primary blood supply for intrahepatic bile 
ducts[56].

Nontargeted embolization can lead to gallbladder 
ischemia/infarctions when the cystic artery is occluded. 
Most of  the cases have a self-limited clinical course[30,53]. 
Acute pancreatitis can occur when there is regurgitation 
of  embolic material into the pancreaticoduodenal artery 
leading to ischemia of  the pancreas[24]. Splenic infarction 
has also been known to occur when there is a reflux of  
embolic material into the splenic artery during emboliza-
tion[30]. This commonly occurs in patients with celiac ar-
tery stenosis with reversal of  flow direction in the com-
mon hepatic artery. Skin complications such as painful 
induration and discoloration and transmural necrosis oc-
cur due to accidental embolization of  the internal mam-
mary artery, intercostal artery, and the falciform artery[30]. 
Pulmonary embolism occurs when the embolic agent 
leaves the liver through the normal hepatic vasculature 
or an arteriovenous hepatic shunt. The amount of  the 
iodized oil injected is the most important factor predict-
ing pulmonary embolism[32,33]. Non-targeted embolization 
can be prevented by administering the agents superselec-
tive via a microcatheter and by being wary of  any large 
arteriovenous hepatic shunts[22,24,30,32,33]. Other procedure-
related complications include iatrogenic arterial injuries 
such as dissection and pseudoaneurysm, which most 
commonly occur in the celiac and proper hepatic arter-
ies. Most often this dissection heals spontaneously, and 
subsequent TACE is possible[57].

FUTURE TRENDS
Sorafenib, a multitargeted VEGF and Raf  kinase inhibi-
tor, has been shown to improve survival in the SHARP 
trial by Llovet et al[58]. Recent studies using sorafenib 
in combination with TACE have shown encouraging 
results. Sansonno et al[59] used a conventional TACE pro-
cedure followed by sorafenib treatment and showed that 
it resulted in a significantly delayed time to progression 
in patients with intermediate-stage HCV-related HCC, 
with no unexpected side effects[60]. Biological response 
modifying agents (BRMs), including GM-CSF, inter-
leukin-2 (IL-2) and tumor necrosis factor-α (TNF-α),, 
have a direct cytotoxic and cytostatic activity against 
tumor cells, thereby augmenting the anti-tumor effect of  
anticancer agents[61]. They also inhibit DNA and RNA 
synthesis in tumor cells[61]. BRMs act by polarizing the 
T-cell response to a helper T-cell 1 (Th1)-dominant state, 
activating cytotoxic T lymphocytes and tumor infiltrat-
ing lymphocytes. These agents are selectively embolized 
into the tumor, a process labeled transarterial immuno-
embolization (TIE). Preoperative TIE has been shown 
to suppress recurrences of  HCC after surgery[61,62]. The 
suppressive effect might be caused by increased levels of  
helper T-cell 1 cytokines, accumulation and maturation 

of  dendritic cells, and by the suppression of  T-regulatory 
lymphocytes[61,62].

Gene embolization is the novel technique where cy-
tokines (TNF-α, IL-2, IFN-γ, etc.) and/or p53 genes are 
embolized using an adenovirus, cytomegalovirus, or Ep-
stein-Barr virus, as vector with lipiodol, with an aim to 
selectively transfer them into the tumor[60,63-65]. Prolonged 
residence of  the vector within the tumor vessels with the 
embolic agent increases contact between the vector and 
tumor cells, resulting in enhanced gene expression within 
the tumor and limited gene transfer to the surrounding 
normal tissues[63,64]. Intra-arterial injection of  adenovirus 
vector-mediated immunogene therapy has been shown 
to be an effective therapeutic method for liver cancer in 
rats[63-65].

Anti-angiotherapy embolization is a technique where 
tumor angiogenesis-targeting agents like bevacizumab 
are selectively embolized into the tumor; the main advan-
tage being low toxicity and a selective effect on tumor 
vasculature[60,66,67]. There have been reports from China 
regarding the use of  a traditional Chinese medicinal herb 
Bletilla striata as an embolic material in TACE for HCC. 
It contains mucilage, starch and a little volatile oil. The 
embolized herb disintegrates platelets, agglutinates eryth-
rocytes and forms a thrombus, leading to a prolonged 
anticancer effect and inhibition of  collateralization and 
metastasis[68,69].

Precision TACE is a technique where drug eluting 
beads (DEB) are used. Five hundred to 700 μm embolic 
beads are loaded with a drug which elutes into the liver 
parenchyma over a period of  7-14 d[60,70-73]. The main 
purported advantages are controlled sustained release 
of  the agent allowing for higher intra-tumor levels and 
lower levels in the systemic circulation[73-77]. A random-
ized phase Ⅱ study comparing TACE and TACE-DEB 
reported a significant reduction in liver toxicity and 
drug-related adverse events for the latter arm, associ-
ated with a non-significant trend of  better antitumoral 
effect[70]. Other studies with the use of  this method 
have also not shown a significant difference in survival 
or tumor recurrence rates as compared to conventional 
TACE[60,70-73,76,77]. Yttrium-90 (90Y) is a source of  β energy 
and is used for radioembolization. The agent is impreg-
nated into glass microspheres and embolized into the 
tumor, causing tumor necrosis through radiation expo-
sure. Studies comparing radioembolization vs chemoem-
bolization have failed to show any significant difference 
in tumor-free survival and recurrence rates[78-81]. Cohort 
studies reporting long-term outcomes showed a median 
survival time of  17.2 mo for patients with intermediate 
stage HCC and 12 mo for patients at advanced stage 
HCC with portal vein invasion. Objective response rates 
range from 35% to 50%[82-85].

Stem cell therapy is an exciting new avenue which has 
been combined with TACE. Infusion of bone marrow 
stem cells (BMC) before trans-arterial chemoemboliza-
tion may help increase liver volume and consequently 
increase hepatic reserve in patients with HCC, and this 
may improve the outcome of this procedure[86,87]. In a 

Rammohan A et al �� Embolization of liver tumours



410 September 28, 2012|Volume 4|Issue 9|WJR|www.wjgnet.com

recent study from Egypt, BMC infusion into the hepatic 
artery synchronized with TACE for patients with chron-
ic liver disease complicated with HCC has been shown 
to be safe, feasible, and it also demonstrated an improve-
ment in both biological and radiological volumetric pa-
rameters[88].

CONCLUSION
TACE has been shown to be an effective means of  
palliation for unresectable liver tumors. There is ac-
tive research with encouraging results into expanding 
its application for resectable as well recurrent tumors. 
Even though there are no absolute contraindications, a 
combination of  bad prognostic indicators is considered 
a contraindication for TACE. The BCLC staging best 
indicates ideal candidates for TACE. The treatment is 
tailored according to the hepatic functional reserve, 
tumor extent and major portal vein invasion, with the 
aim to preserve nontumorous liver parenchyma from 
chemoembolization at all times. TACE is a safe proce-
dure with a morbidity of  less than 5% and a mortality of  
0.6%. With avid research happening in this field, there 
is a need for an evidence-based incorporation of  these 
newer modalities into the standardized treatment proto-
col of  HCC.
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