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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer in the world and the third most common cause 
of cancer-related death (1). With improved surveillance 
of patients with chronic liver disease and advances in 
imaging, more patients are diagnosed with early-stage 

HCC (2-4). For the treatment of early stage HCC, curative 
therapies including liver transplantation, hepatic resection, 
and radiofrequency ablation (RFA) are recommended. 
Liver transplantation is the treatment option especially 
for patients with decompensated cirrhosis, but potential 
recipients outnumber donors. Hepatic resection is widely 
used as the main choice of treatment for resectable HCC. 
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However, the risk of postoperative hepatic dysfunction 
often precludes surgery (5).

Intrahepatic cholangiocarcinoma (IHC) is the second 
most common primary hepatic neoplasm after HCC (6), 
with the highest incidence in Asia. At the time of diagnosis, 
patients with IHC usually present with advanced stage 
disease and only 30% among them are candidates for 
surgical treatment (7). Intravenous regimens including 
gemcitabine and various combinations of 5-fluorouracil 
(FU) with cisplatin provide low response rate (8).

Liver metastases can be found in 40% to 70% of patients 
with colorectal cancer (CRC) (9). Surgical resection is 
usually the standard treatment modality. However, resection 
can only be performed in a minority of patients due to the 
presence of multifocal tumors or limited hepatic reserve at 
the time of diagnosis (10). In the past, 5-FU and leucovorin 
(LV) constituted the foundation of most chemotherapy 
regimens. Recent years have seen important results in 
the treatment of advanced CRC, particularly in the use 
of new chemotherapy approaches and their combination 
with targeted therapies (bevacizumab, cetuximab and 
panitumumab). Modern regimens such as combined 
5-FU/LV with oxaliplatin or camptothecin (CPT)-11 
and monoclonal antibodies have achieved response rates of 
approximately 80%, and median survival of patients with non-
resectable liver metastases has increased to 20-26 months. 
Nevertheless, the new systemic chemotherapeutic regimens 
have been associated with skin reactions, high costs and 
impaired liver functions. A further goal is therefore how 
to successfully achieve local control and increase the 
proportion of patients able to undergo liver resection, 
reduce recurrences, and prolong survival and quality of life 
of patients who remain unsuitable for resection.

Gastroenteropancreatic (GEP) neuroendocrine 
neoplasms, also called GEP neuroendocrine tumours 
(NETs), were previously regarded as rare, but in fact are 
increasing in incidence (11). Liver metastases represent 
the most crucial prognostic factor, irrespective of the 
primary NET site. In historical series, 5-year survival is 13-
54% compared with 75-99% for patients without hepatic 
metastases (12). Despite various complex management 
strategies for neuroendocrine liver metastases, surgery is the 
only treatment that offers potential for cure.

Percutaneous ablations, including percutaneous ethanol 
injection (PEI) and RFA, represent the recommended 
curative modalities for patients with early-stage liver 
cancer who are not candidates for surgical resection 
or liver transplantation. Conventional transarterial 

chemoembolization (TACE) is the gold standard for the 
treatment of patients with HCC who cannot receive curative 
therapies and radioembolization is an interesting alternative 
therapy for HCC patients who are poor candidates for 
TACE. Chemoembolization might offer long-term survival 
rates comparable to those of hepatic resection and RFA for 
small single-nodule HCC if underlying liver function was 
similar among the patients receiving each treatment (13,14).

Choice of minimally invasive treatment for HCC

PEI and RFA are widely used in clinical practice. With 
PEI, the distribution of ethanol may be blocked by the 
intratumoral fibrotic septa and/or the tumor capsule, 
resulting in a heterogeneous distribution. As a result, 
curative capacity of PEI, particularly in tumors greater 
than 2 cm in diameter is limited, and frequently requires 
multiple injections over multiple sessions. In contrast, RFA 
results in coagulative necrosis of both the tumor and a rim 
of surrounding parenchymal tissue producing a margin of 
ablated non-tumoral tissue, which might eliminate small-
undetected satellites. RFA has been shown to be as effective 
as hepatic resection in the treatment of small single-nodule 
HCC (15,16). However, RFA of lesions located close to major 
organs or the liver capsule is often contraindicated (17). Giorgio 
et al. (18) compared the 5-year survival of patients with a 
single HCC ≤3 cm, who were randomly assigned to receive 
either PEI or RFA. No differences were observed in terms 
of overall survival (OS) or local recurrence rate. Oeda et 
al. (19) evaluated the association of treatment method with 
OS in 98 patients treated with PEI and 92 subjects who 
received with RFA. The 5-year survival rate in the PEI 
group was 40%, whereas it was 51% in the RFA group 
(P=0.04). When stratifying patients according to tumor 
stage, a significant advantage in survival was observed for 
RFA in individuals with stage II disease (5-year survival: 
48 vs. 28% with PEI, P=0.03). However, RFA resulted 
in more severe complications and was more expensive 
than PEI. A recent meta-analysis of about 8,500 patients, 
with a 10-year perspective, showed that in patients with 
very early HCC and Child-Pugh class A, RFA provides 
similar life-expectancy and quality adjusted life-year at a 
lower cost compared with resection (20). While RFA is 
usually considered a front-line treatment choice in patients 
eligible for percutaneous techniques, with low cost and low 
complication rate PEI should be considered with suitable 
candidates with small HCC, particularly for HCC at 
difficult-to-treat location for RFA (21,22).
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The Barcelona Clinic Liver Cancer (BCLC) algorithm (23) 
is widely used for the management of HCC in Europe and 
the USA (Figure 1). The European Association for the Study 
of Liver Disease (EASL) and the American Association for 
the Study of Liver Diseases (AASLD) guidelines approved 
the BCLC classification system as a favorable staging 
system for prognosis allocation and treatment schedule 
which were validated from cohort studies and randomized 
controlled trials (RCTs). However, this classification also 
has limitations, such as absence of consideration of nodule 
location and etiology of cirrhosis (non-cirrhotic patients 
are not manageable with this classification). It does not 
consider treatment sequences or combination therapies 
which could lead to indications for selected patients with 
specific approaches that are not recommended to date. 
This comes from a too heterogeneous population, notably 
in the intermediate stage (BCLC stage B) in respect to 
tumor burden and liver function. In clinical practice, 
guidelines do not systematically reflect the best therapeutic 
approach for each patient. In selected patients treatment 
allocation should be determined on an individualized rather 

than a guideline-based medicine by a multidisciplinary 
board. In Asia, resection of tumors in advanced stages and 
in patients with less than perfect liver function is more 
aggressively pursued. Consensus-Based Clinical Practice 
Guidelines Proposed by the Japan Society of Hepatology 
(JSH) 2010 Updated Version is shown in Figure 2 (2). A 
recent staging and treatment allocation system issued by 
The Hong Kong Liver Cancer (HKLC) identified subsets 
of BCLC intermediate- and advanced-stage patients for 
more aggressive treatments than those were recommended 
by the BCLC system (Figure 3) (24). Very recently, a 
retrospective and single-center study (Johns Hopkins 
Hospital, Baltimore) on 968 North American patients 
showed that HKLC staging outperformed BCLC staging 
as a prognostic classification system in patients treated 
with intra-arterial therapy (presented at the Society of 
Interventional Radiology Congress, Feb 2015 by Sohn S & 
Geschwind JH). However, this HKLC staging system will 
require extra validation both in Asia and elsewhere, and 
it should also be tested in patients with liver disease other 
than hepatitis B (25).

Figure 1 EASL-EORTC (European Association For The Study Of The Liver- European Organisation For Research And Treatment Of 
Cancer) clinical practice guidelines: management of hepatocellular carcinoma. Updated Barcelona Clinic Liver Cancer (BCLC) staging 
system and treatment strategy, 2011. Reproduced with the permission from ref. (23).
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Figure 2 Consensus-based treatment algorithm for HCC proposed by JSH revised in 2010. Footnotes: *1, Treatment should be performed 
as if extrahepatic speed is negative, when extrahepatic spread is not regarded as a prognostic factor; *2, Sorafenib is the first choice of 
treatment in this setting as a standard of care; *3, Intensive follow-up observation is recommended for hypovascular nodules by the Japanese 
Evidence-Based Clinical Practice Guidelines. However, local ablation therapy is frequently performed in the following cases: (I) when 
the nodule is diagnosed pathologically as early HCC; (II) when the nodules show decreased uptake on Gd-EOB-DPTA MRI; (III) when 
the nodules show decreased portal flow by CTAP, since these nodules are known to frequently progress to the typical advanced HCC; *4, 
Even for HCC nodules exceeding 3 cm in diameter, combination therapy of TACE and ablation is frequently performed when resection 
is not indicated; *5, TACE is the first choice of treatment in this setting. HAIC using an implanted port is also recommended for TACE 
refractory patients. The regimen for this treatment is usually low-dose FP (5-FU + CDDP) or intra-arterial 5-FU infusion combined with 
systemic IFN therapy. Sorafenib is also a treatment of choice for TACE refractory patients with Child-Pugh A liver function; *6, Resection 
is sometimes performed even when numbers of nodules are over 4. Furthermore, ablation is sometimes performed in combination with 
TACE; *7, Milan criteria: tumor size ≤3 cm and tumor number ≤3; or solitary tumor ≤5 cm. Even when liver function is good (Child-Pugh 
A/B), transplantation is sometimes considered for frequently recurring HCC patients; *8, Sorafenib and HAIC are recommended for HCC 
patients with Vp3 (portal venous invasion at the first portal branch) or Vp4 (portal invasion at the main portal trunk); *9, Resection and 
TACE is frequently performed when portal invasion is minimum such as Vp1 (portal invasion at the third or more peripheral portal branch) 
or Vp2 (portal invasion at the second portal branch); *10, Local ablation therapy or subsegmental TACE is performed even for Child-
Pugh C patients when transplantation is not indicated when there is no hepatic encephalopathy, no uncontrollable ascites, and a 
low bilirubin level (<3.0 mg/dL). However, it is regarded as an experimental treatment since there is no evidence of its survival benefit in 
Child-Pugh C patients. A prospective study is necessary to clarify this issue. Even in Child-Pugh A/B patients, transplantation is sometimes 
performed for relatively younger patients with frequently or early recurring HCC after curative treatments. HCC, hepatocellular carcinoma; 
JSH, Japan Society of Hepatology; CTAP, computed tomography arterial portography; TACE, transarterial chemoembolization; FU, 
fluorouracil; HAIC, hepatic arterial infusion chemotherapy. Reproduced with the permission from ref. (2).
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Recently, Yang et al. (26) compared the treatment effects 
of hepatic resection, RFA, and conventional TACE on long-
term survival. It was found that 5-year OS with conventional 
TACE (c-TACE) was similar to that with hepatic resection 
and RFA in patients with single-nodule HCC of 3 cm or 
smaller without vascular invasion when the underlying 
liver status was balanced among the patients receiving each 
treatment. In addition, most of the patients initially treated 
with c-TACE achieved a complete response, which was one 
of the independent prognostic factors of survival, although 
some should receive repeated treatments. However, when 
c-TACE is used as an initial treatment, special care should 
be taken to obtain a complete response, and surveillance for 
tumor recurrence should be undertaken. These results are 
consistent with those of cohort studies demonstrating that 
TACE provided OS similar to hepatic resection in early-
stage HCC (27,28).

Procedure for transarterial chemoembolization 
(TACE)

TACE with use of anticancer drugs followed with gelatin 
sponge (Gelfoam®) was introduced by Yamada et al. in the 

late 1970s (29,30). The liver has a unique dual blood supply 
from both the portal vein and the hepatic artery. The normal 
parenchyma of the liver receives two-thirds of its necessary 
blood supply from the portal vein and receives the remaining 
one-third from the hepatic artery. Hepatic tumors receive 
their blood supply mainly from the hepatic artery. TACE is 
able to offer highly concentrated doses of chemotherapeutic 
agents to the tumor tissues, while the surrounding normal 
hepatic parenchyma is preserved. The embolic agent(s) causes 
ischemia and necrosis of the tumor, and slows anticancer 
drug washout (Figure 4). On the other hand, the blood supply 
to the normal liver tissue is maintained by the dominant 
blood supply from the portal vein system.

Chemoembolization is the infusion of a mixture of 
chemotherapeutic agents with or without iodized oil, 
associated with embolisation (32). According to the 
guidelines published by AASLD (33) and EASL (23), c-TACE 
is recommended as first-line therapy for patients who are not 
candidates for surgery, transplantation or ablation, i.e., HCC 
who do not have vascular invasion or extrahepatic spread.

TACE should be distinguished from three other interventional 
procedures: (I) transarterial oily chemoembolization 
(TOCE, or “chemo-lipiodolization”) where the anticancer 

Figure 3 The Hong Kong Liver Cancer (HKLC) prognostic classification scheme. Early tumor: ≤5 cm, ≤3 tumor nodules and no 
intrahepatic venous invasion. Intermediate tumor: (I) ≤5 cm, either >3 tumor nodules or with intrahepatic venous invasion, or (II) >5 cm, 
≤3 tumor nodules and no intrahepatic venous invasion. Locally-advanced tumor: (I) ≤5 cm, ≤3 tumor nodules and with intrahepatic venous 
invasion, or (II) >5 cm, >3 tumor nodules or/and with intrahepatic venous invasion, or (III) diffuse tumor. Abbreviation: EVM, extrahepatic 
vascular invasion/metastasis. Reproduced with the permission from ref. (24).
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agent is mixed with Lipiodol® without any other embolizing 
agent; (II) bland transarterial embolization (TAE) where no 
anticancer drug is given; (III) transarterial chemotherapy 
(TAC) where the anticancer drug is infused without 
Lipiodol or embolization particles.

TACE for liver tumors involves the following steps: 
I. Evaluation of portal vein patency;
II. Angiographic evaluation of hepatic arterial anatomy 

and potential variations;
III. Determination of the tumor arterial feeders;
IV. Identification of the arteries that should be avoided 

during treatment delivery, e.g., right gastric and 
supraduodenal arteries;

V. Identification of the patency of the portal vein or the 
presence of hepatopedal flow through collaterals to 
the liver in case of portal vein tumor thrombosis.

Prior to TACE, a thorough angiography is performed 
to locate all the feeding arteries of a tumor including any 
possible extrahepatic arteries that may feed the tumor. 
Once the arterial anatomy is clearly understood, a catheter 
is advanced superselectively into the feeding artery of 
the tumor. A 4F hydrophilic cobra catheter used with a 
hydrophilic guide-wire suffices for about half of cases. Use 
of a standard lumen catheter allows rapid injection of the 
viscous chemoembolic emulsion and is less likely to clog 
with particles. However, the catheter should not be used 
in vessels less than twice its diameter, as the catheter will 

cause a partial occlusion of the vessel lumen, resulting in 
a pseudo-stasis. Withdrawal of the catheter then results in 
a reflow to the tumor. Small vessels and branches which 
cannot be accessed with a standard angiographic catheter 
can usually be catheterized with micro-catheters with 
a catheter diameter in between 2.0 and 2.4 French and 
0.018- or 0.025-inch glide wires (34). The recent Surefire® 
Infusion System (Surefire Medical, Westminster, USA) is 
an 0.027-inch lumen microcatheter with the an expandable 
tip at the distal end. This device is intended for use in 
angiographic procedures to increase targeted delivery, to 
minimize reflux and to dynamically collapse in forward 
flow. It is designed to deliver radiopaque contrast media 
and therapeutic agents (chemotherapeutic agents and solid 
and liquid embolic agents) to selected sites during TACE 
procedure (35,36).

When the catheter is positioned for treatment, it is 
important to perform an arteriography to confirm the 
anatomy before injecting any chemotherapy agents. This 
superselective injection may reveal findings not depicted 
in the celiac or superior mesenteric artery injection, such 
as cystic, right gastric or falciform arteries arising from 
the target hepatic artery, or guide-wire induced spasm in 
the target artery. The end point of the TACE procedure is 
visualization of the complete blockage of the tumor-feeding 
branch. It is essential to check for extrahepatic collateral 
arterial supply to the tumor lesion. An extra-hepatic 
collateral artery supplying a tumor is more frequent for 
subcapsular location or exophytic tumor. CT findings of a 
peripherally located portion of viable tumor on a follow-up 
CT scan should induce investigation of such arteries because 
of a close contact between the liver and the diaphragm, the 
blood supply to the diaphragm can reach the liver by direct 
adherence. Thus, the right inferior phrenic artery is the 
most common collateral pathway. Modification of TACE 
in patients with hepatic arteriovenous shunt (AV shunt) can 
be performed by either embolization with gelfoam or using 
balloon occlusion of the hepatic vein draining the shunt (37).

The most  common sole-agent anticancer drug 
used in published TACE studies has been doxorubicin 
(36%), followed by cisplatin (31%), epirubicin (12%), 
mitoxantrone (8%), mitomycin C (8%), and SMANCS 
(5%) (38). The administered dose of the anticancer agent 
should depend on the size of the tumor, the position of the 
catheter, the patient’s liver function, and the response to 
previous courses of TACE, if any. It is worth mentioning 
that RCTs failed to show significant differences in survival 
between doxorubicin and other drugs such as cisplatin 

Figure 4 Principle of conventional transarterial chemoembolization. 
Reproduced with the permission from ref. (31).
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or epirubicin, and till now, there is no evidence of the 
superiority of any single chemotherapeutic agent over other 
drugs or for mono-drug chemotherapy versus combination 
chemotherapy (38).

TACE is not recommended in early stages as a 
first option. At very early stage the HCC is not highly 
vascularized and its main blood supply comes from the portal 
vein, but as the HCC grows its blood supply increasingly 
comes from the hepatic artery, notably when the lesions are 
histologically well/moderately differentiated (39).

Liver functional reserve is the key to an optimal 
selection of candidates. Conventional TACE should be 
contraindicated in patients with decompensated cirrhosis. 
A panel of experts has recommended a series of absolute 
and relative contraindications for TACE that include 
hepatic encephalopathy, reduced or absent portal vein 
flow, biliary obstruction and large/massive tumors (40). 
TACE is generally contraindicated in patients with branch 
or main portal vein thrombosis (PVT), since occlusion of 
arterial blood flow by may induce liver failure, although 
superselective TACE may not be harmful in selected 
patients with segmental PVT. Super-selective TACE, i.e., 
the catheter is selectively placed in a medium-small branch 
of hepatic artery, can be used in a patient with compromised 
liver function. There are recent uncontrolled trials and 
cohort studies that suggest a treatment benefit in selected 
patients with preserved liver function (41,42). A recent 
meta-analysis including 8 studies with 1,601 patients, 
concluded that TACE in patients with PVT improved the 
6-months and 1-year survival compared with conservative 
treatment (43). If the patient has a diffuse or massive 
HCC or an HCC involving the major portal veins, TACE 
procedure cannot be safely performed.

TACE can cause a number of complications resulting 
from underlying factors of the patient or inadvertent 
techniques. Post-embolization syndrome that consists of 
transient abdominal pain and fever is common. It is not a 
complication of TACE per se. 60-80% of the patients after 
liver TACE experience this syndrome. It is usually self-
limiting within 3-4 days (44).

A transient decline in liver function is common but acute 
liver decompensation (ascites, encephalopathy or jaundice) 
is reported in only 0.1-3% of procedures. Biliary and 
gastrointestinal complications have been reported in 2-10% 
and 1-5% of patients, respectively. Other complications 
include liver abscesses in patients with incompetent 
ampulla, vascular injury from repeated intraarterial 
chemotherapy, and tumor rupture. The most serious 

complication is treatment-induced liver failure. TACE 
benefits should be balanced with the risk of this liver failure, 
thus the best candidates are patients with preserved liver 
function and asymptomatic multinodular tumors without 
vascular invasion or extrahepatic spread. Compromised 
liver function, main portal vein obstruction, biliary tract 
obstruction, a previous history of bile duct surgery, over 
dose of embolic agents, hepatic artery occlusion due to 
repeated TACE and nonselective TACE increase the chance 
for complications. The presence of these factors should be 
identified prior to TACE procedure, and an adjustment 
of the cytotoxic drug dosage, and a more selective 
procedure should be performed. The most morphologic 
contraindications for TACE also include hepatofugal flow 
or portosystemic anastomosis. Patients with Child-Pugh 
C and some with B, patients with a BCLC stage D, and 
patients with clinical symptoms of end-stage cancer should 
be excluded since the ischemic insult can lead to severe and 
even fatal adverse events.

Complete responses are rarely seen after a single 
session of conventional TACE and repeated sessions can 
be scheduled at fixed pre-planned intervals or depending 
on the observed response (40). Most of the recurrent 
tumors are supplied by feeders from the adjacent segmental 
arteries (45). Patients are thus evaluated every 3-8 weeks 
and additional TACE sessions are performed if contrast-
enhanced areas revealing tumor activity are observed in 
cross-sectional imaging. Depending on the arterial anatomy, 
two to four procedures are required to treat the entire liver. 
Thereafter, response is assessed by repeated imaging studies 
and follow-up of tumor biomarkers.

Clinical evidence for transarterial embolization 
(TACE)

The most reliable way to confirm a survival benefit is large 
RCTs; however, initial small RCTs had failed to show a 
survival benefit of TACE treatment for HCC patients. 
In 2002, two RCTs from and Spain and Hong Kong 
investigated the survival benefits of conventional TACE 
compared to the best conservative treatment (46,47). 
These RCTs were followed by cumulative meta-analyses 
(48,49), showing that c-TACE significantly reduced the 
overall 2-year mortality rate compared to control patients 
who received conservative treatments. In 2003, Llovet 
et al. (49) reported a meta-analysis, constructed from 7 
RCTs including 545 HCC patients, comparing c-TACE 
or bland transarterial embolisation (TAE) vs. conservative 
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management or other therapies (systemic chemotherapy or 
tamoxifen). Most patients had cirrhosis, with Okuda stages 
I-II, and lacked evidence of PVT. Doxorubicin was used in 
one study and cisplatin in three; Gelfoam® was used as the 
embolic agent in all the trials. Mean number of treatment 
ranged between 1 and 5 sessions. Survival benefits were 
identified in two studies. The two-year survival rate in the 
treated group was 41% (range, 19-63%) vs. 27% (range, 
11-50%) in the control group (P=0.017). The significant 
survival benefit was for c-TACE with doxorubicin or 
cisplatin, but not for bland TAE alone. In 2007, Marelli 
et al. (38) also found similar results in a meta-analysis. In 
a recent Asian prospective cooperative study including 99 
HCC patients, however, conventional TACE was associated 
with median OS of 3.1 years with 2-year OS of 75% (95% 
CI: 65.2-82.8%) (50). O’Suilleabhain et al. (51) evaluated the 
long-term survival of TACE in patients with unresectable 
HCC and suggested that a cure for unresectable HCC may 
be possible with TACE, although this is rare. TACE after 
radical excision of HHC can also destroy remnant cancer 
cells, decrease recurrence rate, and increase survival rate. 
A possible survival advantage has also been reported in 
patients treated with TACE before resection of HCC when 
compared with resection alone (52).

TACE has shown to be effective in the treatment of 
CRC metastases for unresectable patients. In one article, 
nineteen trials were reviewed. In these studies, TACE has 
been applied in 324 patients with CRC metastases with 
conventional method or its variants (53), with response 
rates varying from 25-100%. In a prospective study, 463 
patients with unresectable liver metastases of CRC that 
did not respond to systemic chemotherapy were repeatedly 
treated with TACE in 4-week intervals. The anticancer 
drug was mixed with Lipiodol® and consisted of mitomycin 
C alone, mitomycin C with gemcitabine, or mitomycin 
C with irinotecan. Embolization was performed with 
starch microspheres. Partial response was achieved in 68 
patients (14.7%), stable disease in 223 patients (48.2%), 
and progressive disease in 172 patients (37.1%). The 1-year 
survival rate after TACE was 62% and the 2-year survival 
rate was 28% (54).

In addition to HCC and liver CRC metastases, TACE 
is also performed for cholangiocarcinoma (55), and hepatic 
metastases from neuroendocrine tumors (56), breast 
cancer (57), and other tumors including sarcoma (58), 
pancreas (59), and gastric cancer (60). There are also 
a few series supporting the use of TACE as a palliative 
option for metastatic neuroendocrine liver metastases. In a 

retrospective analysis, the combination of mitomycin C with 
gemcitabine was found more effective in controlling local 
tumor growth than mitomycin C alone, with an improved 
5-year survival of 46.7% vs. 11.1% with monotherapy (61). 
Liapi et al. retrospectively evaluated tumor response in 
26 patients with decreased tumor size after treatment but 
with partial response in only 27% (WHO criteria) and 
23% (RECIST criteria). Mean OS was 78 months (62). In 
cholangiocarcinoma, a single-center study with 115 patients 
confirmed excellent tumor response rates (57.4% with stable 
disease). The safety profile and tolerability was also good 
for the entire cohort with only 15 patients showing adverse 
effects. Finally the mean OS was 20.8 months with a 3-year 
survival of 10% (63). The data on the utility of TACE in 
cholangiocarcinoma is growing, especially in view of TACE 
ability to elicit a strong tumor response and disease control, 
As a result, and because the patients are living longer, there 
is a strong interest in designing studies—notably with 
DEBs—that would combine TACE with systemic therapies 
(such as gemcitabine and cisplatin).

Till now, several important issues remain to be clarified 
including what is the best chemotherapeutic drug, what 
is the best embolization agent and what is the most 
appropriate retreatment schedule. Centers differ in the 
characteristics of the patients treated, the choice of the 
embolizing agent used, the choice and/or dose of the 
anticancer agents used, the anticancer/Lipiodol® mixture 
preparation, embolization end-points, and the schedule 
and/or interval of retreatment. In the next sections, we 
will discuss some of the commonly used materials in 
conventional TACE and discuss some examples used 
clinically. Then, drug-eluting beads (DEBs) in TACE and 
radioembolization agents will be discussed. Results from the 
relevant key RCTs will also be highlighted.

Embolic agents

Transcatheter vascular occlusion can be achieved by 
using embolization agents such as gelatin sponge, starch 
microspheres, polyvinyl alcohol (PVA) beads, or collagen 
particles. Some embolization agents such as PVA polymer 
are not biodegradable. To allow repeated transcatheter 
therapy, biodegradable agents, such as gelatin sponge and 
starch microspheres are used. In general, small embolization 
agents (less than 100 µm) that embolize end-branches of the 
hepatic artery are favored as these agents can prevent the 
development of collateral arterial flow to a tumor. However, 
embolic agents too small in size such as gelatin powder that 
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are able to reach far smaller vessels can damage extratumoral 
liver tissue, including biliary duct system.

An early study on an in vivo rat model revealed that a 
mean particle diameter of at least 40 µm is required for 
embolization. Microparticles less than 40 µm in diameter 
can distribute to non-targeted organs, such as the lungs (64). 
On the other hand, particle size much larger than 1,000 µm 
can induce catheter clogging. Embolization agents with 
following size ranges are currently available from various 
vendors: 40-120, 100-300, 500-700, 700-900 and 900-
1,200 µm. The diameter of occluded arteries generally 
correlates well with the embolic particle size. In addition, 
slower infusion of more diluted suspension provides a more 
distal arterial occlusion (65). The elasticity and shape of 
the particles also play a role; embolization particles with 
irregular surfaces tend to lodge in larger diameter vessels 
compared with regularly surfaced particles, and particles 
with a high degree of elasticity are more likely to reach small 
vessels (66). One of the common issues during intra-arterial 
embolization procedure is particle reflux, which could lead 
to embolization of untargeted areas within an organ or even 
other vital organs. Generally, large particles occlude more 
proximal vascular areas more quickly, which increases the 
risk of reflux and nontarget embolization (67). If the total 
number of particles injected exceed the target area that 
can maximally fill, reflux is likely to occur. A reduction in 
injection rate can reduce the risk of reflux and non-targeted 
embolisation. The use of calibrated particles (PVA or acrylic 
copolymer gelatin particles) is increasing worldwide since 
they can be chosen by size according to the target vessel (68).

Gelatin sponge

Gelatin sponge is one of the most commonly used 
embolization agents. It is a hemostatic agent composed of 
purified porcine-derived gelatin, and marketed as Gelfoam®. 
To prepare the embolisation particles, the gelatin sheets are 
cut into small pieces, and softened in fluid. Particle sizes 
are typically in the range of 0.5-2 mm. The vessel occlusion 
is temporarily, and recanalization occurs within a few days 
to weeks. Temporary embolization facilitates repeated 
intra-arterial treatment. As Gelfoam® particle size tends 
to be of millimeters in size, they are likely to clump in the 
larger artery and may not penetrate into the targeted small 
vessels. Gelatin sponge is also available as a powder, and can 
reach smaller vessels to achieve more distal embolisation. 
However, as gelatin powder can get much deeper into 
tissues, it can be more likely to lead to nontargeted 

embolisation than the Gelfoam® particles.

Polyvinyl alcohol (PVA)

PVA particles cause permanent or semi-permanent vessel 
occlusion. PVA has a good safety profile. However, because 
PVA particles can be quite varied in size and shape, the 
particles tend to clump up occasionally, which can cause 
catheter clogging. Several vendors developed PVA-based 
microspheres specifically for TACE, such as PVA (Cook, 
Bloomington, USA), Contour SE® particles (Boston 
Scientific, Natick, USA) and Bead Block® (BTG, Surrey 
UK). DC/LC Bead® (BTG, Surrey UK) is microsphere 
that consist of PVA with a hydrogel core. The size range of 
these products varies from 100-1,200 µm (69). PVA could 
also be used to occlude collaterals that form after repeated 
embolization with other agents. A comparative study 
showed little difference in patient survival between TACE 
performed using gelatin sponge particles and TACE using 
PVA particles (70).

Embosphere®

To overcome the issue generated with irregular particle 
size and shape, spherical particles have been developed. 
Embosphere® is a spherical embolic agent marketed by 
Merit Medical (Rockland, MA, USA). It is polymeric 
microsphere made of trisacryl cross-linked with gelatin. It is 
also a permanent agent, and comes in calibrated size ranges. 
Due to the lack of aggregation, the smooth and hydrophilic 
surface, and its deformability, Embosphere® can penetrate 
deeper and embolise smaller vessels than PVA particles (71). 
However, it is not yet clear where Embosphere® or PVA is 
the most clinically effective embolization agent.

Embozene®

Embozene® (CeloNova BioSciences Inc., Atlanta, GA, 
USA) is a recently developed long acting embolizing agent, 
composed of a hydrogel core of polymethylmethacrylate 
and an exterior shell of a proprietary flexible polymer of 
polyphosphazene: Polyzene®-F, which is shown to be anti-
inflammatory and bacterial-resistant (72). Embozene® 
microspheres are the only microspheres offering tightly 
calibrated sizes, namely 100, 250, 400, 500, 700, and 900 µm, 
with each size calibrated to have 95% of the particles 
within 50 µm of the nominal size. However, it remains to 
be demonstrated whether Embozene® microsphere, with 
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such a tight controlled particle size, would bring additional 
clinical benefits for embolisation.

Degradable starch microsphere

Some studies suggested the post-embolization syndromes 
can be less pronounced using temporary embolizing agents (73). 
As discussed above, gelatin sponge can maintain occlusion 
up to several weeks. For shorter duration, Degradable 
Starch Microsphere (Spherex®, Magle Life Science, Lund, 
Sweden; EmboCept®, Pharmacept, Berlin, Germany) 
provides transient occlusion of small arteries. Spherex® 
consists of sterilized starch microspheres suspended in 
saline solution. The TACE procedure involves the co-
injection of the anticancer drug with Spherex® (74). More 
recently, EmboCept S® (PharmaCept, Berlin, Germany) 
has been marketed (in vitro degradation half-life =35 min, 
only size available is 50 µm). In the blood stream, the 
starch microspheres are degraded by serum-amylases and 
the blood flow is restored within 60-80 minutes. Favorable 
response suggests that TACE using mixture with Spherex®, 
Lipiodol® and anticancer drug could be a suitable palliative 
measure in patients who might not tolerate long acting 
embolic agents (74). Poly (ethylene glycol) methacrylate 
(PEGMA) hydrolyzable microspheres (ResMic®, Occlugel, 
Jouy-en-Josas, France) is another calibrated and resorbable 
embolic agent (75).

Lipiodol®

Lipiodol® (Lipiodol® Ultra Fluid, Guerbet, Roissy, France), 
also known as ethiodized oil, is an oily contrast medium 
with an iodine content of 38 percent by weight. Its iodine 
concentration is 480 mg/mL. The viscosity of Lipiodol at 
37 ℃ is approximately 25 mPa.s and its density is 1.28. It 
consists of a mixture of di-iodinated ethyl esters of fatty 
acids from poppy seed (Papaver somniferum L.) oil (31). 
Basically, Lipiodol® combines four characteristics that 
explain its wide use in TACE procedures: (I) it is opaque to 
X-rays; (II) it can be used for drug delivery purposes, with 
substantial versatility regarding the therapy that can be 
delivered (including immune or gene therapies); (III) it has 
tumor-seeking properties; (IV) it induces a transient and 
plastic embolization of tumor microvessels (Figure 5) (76-79). It 
is not designed to achieve complete and permanent arterial 
occlusion, as it is eventually washout from the target organ/
area. When selectively injected into the hepatic artery, 
Lipiodol® selectively remains more in tumor nodules for 
several weeks to over a year due to a siphoning effect from 
hypervascularization of the tumor vessels and the absence 
of Kupffer cells inside tumor (Figures 6,7). Non-clinical 
studies with fluorescent tracer have shown that, in the case 
of exclusive arterial embolization, the drop in the peribiliary 
plexus blood pressure would allow portal perfusion of 
the liver tumor. Conversely, because of its oily nature, 
Lipiodol® distributes in both the tumor artery branches and 
the peritumor portal venules, thus allowing transient dual 
embolization (79).

Lipiodol® is used as a vehicle to carry and localize the 
anticancer drug inside the tumor. Broad-spectrum of 
anticancer drugs are used in conjunction with Lipiodol®. 
When the solubility of the anticancer drug in Lipiodol® is 
low, the so-called “lipiodolization” technique is used. In 
brief, the cytotoxic drug is first dissolved in saline. Then 
the drug dissolved in saline and Lipiodol® are vigorously 
mixed, and shaken to form an homogeneous mixture. 
It is recommended to start by pushing the syringe with 
the anticancer drug first into the Lipiodol® syringe. The 
mixture is to be prepared at the time of use and must 
be used promptly after preparation (within 3 hours). If 
necessary during the procedure, the mixture can be re-
homogeneized. When the Lipiodol® and drug mixture 
is injected into a tumor supplying vessels, the anticancer 
drug is slowly released from Lipiodol® and remains in high 
concentrations within the tumor for a prolonged period.

Generally, embolic agent is applied immediately after 

Figure 5 One patient with a giant hepatocellular carcinoma 
underwent TACE treatment. Radiographic image was obtained 
during the injection of the mixture drug/Lipiodol® through a 
micro-catheter. Note the typical aspect of lipid droplets progressing 
through arteries and filled the HCC tumorous vasculatures. TACE, 
transarterial chemoembolization; HCC, hepatocellular carcinoma.
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the injection of the Lipiodol® formulation into the hepatic 
artery. Further embolization procedures may be necessary if 
blood supply to the tumor has been unexpectedly developed 
via various extrahepatic collateral pathways. Studies have 
shown that Gelfoam® embolization facilitates the slow 
release of doxorubicin from Lipiodol®, hence further 
increasing the drug concentration inside the tumor by 
preventing washout of the mixture (80). Recent studies have 
tried to develop new formulations. A Lipiodol®–pirarubicin 
mixture may be more effective and more stable in vitro 
than the classical doxorubicin-Lipiodol® mixture (81). A 
novel lipophilic platinum complex (SM-11355), which is a 
derivative of cisplatin, developed for Lipiodol® suspension, 
has been shown in clinical studies to lead to a lower plasma 

platinum concentration but a longer half-life, reflecting the 
sustained release properties of this formulation (82).

Patients with heterogeneous Lipiodol® uptake on CT 
scan have higher tendency of recurrences during the follow-
up period than those with homogeneous uptake. The degree 
of Lipiodol® labeling has been found to be an independent 
prognostic factor (83,84). While Lipiodol® has been widely 
adopted in TACE protocols, it may also mask assessment of 
residual vascularity on CT imaging following therapy, thereby 
requiring routine follow-up with contrast enhanced MRI.

Drug-eluting beads (DEBs)

DEB is a relatively novel drug delivery embolization system, 

A B

Figure 6 One patient with a giant hepatocellular carcinoma underwent TACE treatment composed of a mixture of pirarubicin 10 mg, 
cisplatin 30 mg, bleomycin 8 mg, and 20 mL Lipiodol®. (A) contrast-enhanced X-ray computed tomographic (CT) images show the giant 
tumor (arrows); (B) follow-up contrast-enhanced X-ray CT 3 months post-TACE, the tumor appears smaller and Lipiodol® continues to 
deposit within the tumor.

Figure 7 One patient with a hepatocellular carcinoma underwent TACE treatment. (A) Plain X-ray computed tomographic (CT) images 
show the tumor (arrows). Two courses of chemoembolization mixture composed of cisplatin 40 mg, mitomycin 6 mg, pirarubicin 30 mg, 
10 mL Lipiodol®, and of cisplatin 20 mg, pirarubicin 20 mg, 5 mL Lipiodol® were administered with an interval of 2 months; (B) follow-up 
contrast-enhanced X-ray CT 2 months after the first-TACE; (C) follow-up contrast-enhanced X-ray CT 4 months after the second TACE. 
The tumor appears smaller and Lipiodol® continues to deposit within the tumor.

A B C
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comprising biocompatible, nonresorbable PVA polymeric 
microspheres doped with sulfonyl groups resulting in a 
static charge leading to reversible ionic binding with polar 
molecules such as doxorubicin (Figure 8). These beads allow 
for fixed dosing and the ability to release the anticancer 
agents in a sustained and controlled manner. Significant 
reductions of peak plasma concentrations have been 
observed with DEBs when compared with conventional 
chemoembolization in a limited number of patients (86,87). 
Two particles are commercially available, i.e., DC/LC-
Beads® (Biocompatibles, UK) and HepaSphere® (BioSphere 
Medical, Inc., USA) that can be loaded with doxorubicin for 
the treatment of HCC.

DC/LC-Beads®

The DC/LC Bead® has undergone clinical investigations 
(88,89). The product is indicated for the treatment of treating 
a variety of malignant hypervascularised tumours, including 
HCC. It is a PVA based microspherical embolization agent, 
prepared from N-acrylamidoacetaldehyde derivatized 

PVA copolymerized with 2-acrylamido-2-methylpropane 
sulfonate. The presence of the anionic sulphonate group 
enables the sequestering of positively charged drugs, such as 
doxorubicin, epirubicin or irinotecan, by Coulomb charge 
interactions. The drug is slowly but incompletely released 
from the beads in the targeted site (85). The transcatheter 
drug delivery is simplified as the drug (e.g., doxorubicin) and 
the embolic particles (the sulfonate modified PVA bead) are 
administered at the same time.

The sizes of the bead are available in different size ranges: 
100-300, 300-500, 500-700, and 700-900 µm, with drug 
loadings varying from 5 to 45 mg/mL hydrated beads (90). 
Patients could receive three or four chemoembolization 
treatments within 6 months. It has been demonstrated that 
DC Bead® spheres could be loaded with doxorubicin to a 
recommended level of 25 mg/mL hydrated beads, whereas 
other commercial embolic microspheres such as Contour 
SE®, Embosphere®, and Bead Block® were shown not to 
load doxorubicin to the same extent or release it in the 
same fashion (91). In vitro study showed doxorubicin does 
not release from the beads when the elution medium was 

Figure 8 Photomicrographs of doxorubicin-loaded DC Beads® (A) and Hepaspheres® (B) microspheres and irinotecan-loaded DC Bead (C) 
and Hepasphere (D) microspheres. In the lower left corners, insets show the aspect of the beads retrieved after the release experiment (1-week 
exposure to 5 mL/min NaCl 0.9% flow). Scale bars indicate 500 µm. Reproduced with the permission from ref. (85).
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pure water, while when the elution medium contained ions 
and phosphate-buffered saline solution, reproducible and 
sustained release profiles were demonstrated (89). With 
a drug load of 25 mg/mL bead, the rate of drug release 
from the 700-900 µm beads was slower than that from the 
100-300 µm beads, with a half-life of 1,730 and 150 hours, 
respectively (91). These half-life data translate to a less 
than 1% and 20% of drug released over 24 hours from the 
total available drug loaded to the 700-900 and 100-300 µm 
beads, respectively. In a subsequent study (85), it was shown 
that the loading and release of doxorubicin followed a dose-
response relationship. Using the 500-700 µm beads, it was 
found that the half-life increased from 381 to 3,658 hours 
as the concentration of doxorubicin load increased from 
6.25 to 37.5 mg/mL. For a fixed drug load of 37.5 mg/mL, 
the half live was only weakly dependent on bead size, with 
a minimum of 1,505 hours for the 100-300 µm beads. One 
study on a rabbit liver VX-2 tumor model confirmed a high 
level of doxorubicin in the tumor over the entire period of 
study of 14 days and associated widespread necrosis of the 
tumor tissue (86). The in vitro elution data of doxorubicin 
have been shown to correlate well with the areas under the 
curve of 15 patients treated with DC/LC Bead® loaded with 
doxorubicin in the PRECISION V clinical study (92). This 
covered all doses used in the study: 6.25, 12.5, 18.75, 25, 
and 37.5 mg/mL in 24 hours.

The size of the DC/LC Bead® used is usually selected 
based on the anatomy of the feeding vessels. It is 
recommended to choose smaller (100-300 or 300-500 µm) 
particles first, followed by larger (500-700 µm) particles. 
Other groups used small (40-120 µm) particles until stasis 
in the target vessel was achieved. In the case of diffuse 
tumors, lobar or segmental embolization is performed, 
and if hepatic vein shunting is identified, larger particles 
are used to minimize the risk of non-targeted pulmonary 
embolization. While the DEB relies on passive release/
diffusion of drug from the carrier, a delivery system with the 
ability to actively release the drug payload (e.g., via heat/
magnetic triggered release) would enhance the flexibility of 
the dosing regimen and potentially improve the efficacy of 
the treatment.

HepaSphere®

HepaSphere® (Merit Medical, Rockland, MA, USA) is 
biocompatible, hydrophilic (absorbent), nonresorbable, 
and expandable microsphere. HepaSphere® is conformable 
and swells upon exposure to aqueous solution. It was made 

with sodium acrylate and vinyl alcohol copolymer. The 
particle size is precisely calibrated in the dry state. The dry 
microsphere absorbs fluid and swells within several minutes 
when exposed to aqueous-based media. The swollen 
particle is soft, deformable, and easily delivered through the 
majority of the currently available microcatheters.

In vitro doxorubicin release has been investigated for 
DC-Beads® and Hepasheres®. While doxorubicin-loaded 
DC Beads® maintained their spherical shape throughout 
the release, Hepaspheres showed less homogeneous drug 
loading and, after release, some fractured microspheres 
were found. Interestingly, incomplete doxorubicin release 
was observed in saline over 1 week for both DEBs (27±2% 
for DC Beads® and 18±7% for Hepaspheres®; P<0.013). 
This effect was attributed to strong doxorubicin-bead 
ionic interactions. With irinotecan, drug release was found 
to be faster, an effect which may be explained to weaker 
interactions (92).

The dry HepaSphere® DEBs are supplied in a range 
of sizes, namely, 50-100, 100-150 and 150-200 µm. In 
vitro studies demonstrated that particle diameters in ionic 
contrast media are approximately 2 and 3.5 times larger 
than the original diameters in the dry state and 4 times 
larger in human serum. The polymer contained within 
HepaSphere® is anionic, which allows the sequestering of 
cationic drug molecule, such as doxorubicin or epirubicin 
by Coulomb charge attraction (as in the case of DC Bead®). 
This enables cationic chemotherapeutic agent to be carried 
within the microsphere. Moreover, these particles, because 
of the slightly larger expansion in human serum, are able to 
mold to the morphology of the vessel lumen.

HepaSphere® has been evaluated in an initial clinical 
study which comprised of 50 patients in four centers (93). 
The microspheres were either loaded with doxorubicin 
(mean dose 43.6±8.7 mg) or with epirubicin (mean dose 
41.7±14.6 mg). It has been shown that that TACE using 
HepaSphere® is feasible, well-tolerated, and is associated 
with good tumor response. Repeated TACE procedures can 
be carried out without difficulties. The objective response 
rate of the initial HepaSphere® study was comparable to 
that of DC Bead® obtained in initial clinical studies (93). 
However, it is currently unclear of the clinical benefit 
of using HepaSphere® over DC Bead®, other DEBs or 
conventional TACE.

Irinotecan-eluting beads

5-FU has been the standard treatment for CRC metastases 
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for more than 40 years. Irinotecan, a topoisomerase 
inhibitor, has recently been developed as a chemotherapy 
agent for the treatment of CRC metastases. With the 
combined use of 5-FU and irinotecan the survival rate of 
CRC patients has been shown to improve significantly 
comparing with those given 5-FU alone. Based on the 
interest of DC Bead®, the same vendor (BTG, Surrey, UK) 
has developed irinotecan-eluting bead for the treatment 
of liver CRC metastases (94). The system consists in 
combining embolisation beads (DEBIRI®) with irinotecan 
hydrochloride solution. It has been shown that the DEB 
of sizes ranging from 100-900 µm can load irinotecan up 
to a maximum capacity of 50 mg/mL of beads. The in vitro 
release profile of irinotecan was shown to be sustained and 
dependent on the presence of ions in the elution medium, 
drug loading, and bead size (95). Irinotecan-eluting bead is 
currently undergoing several RCTs in the treatment of liver 
metastases of CRC (96,97).

Conventional TACE (c-TACE) versus DEB-TACE for 
hepatocellular carcinoma management: a comparison

In a small and non-comparative study, TACE performed 
using DEBs loaded with doxorubicin has been shown to 
reduce the drug-related side effects while maintaining the 
same therapeutic efficacy (87). A prospective randomized 
comparison of chemoembolization with doxorubicin-eluting 
DC/LC Beads® and arterial bland embolization with Bead 
Block® PVA microspheres (BTG, UK) for HCC concluded 
that there is an additional benefit from the addition of 
doxorubicin (98). In this study, there was a complete 
response in 26.8% of patients in the DEB group and 14% 
in the arterial bland embolisation group at 6 months. Time 
to progression was longer for the DEB group than in the 
group with bland embolisation (42.4±9.5 vs. 36.2±9.0 weeks, 
P=0.008). The prospective randomized PRECISION V 
phase II study compared TACE doxorubicin loaded DC 
Beads® to conventional TACE procedure (intra-arterial 
injection of doxorubicin emulsified in Lipiodol® followed 
by particle embolization with Gelfoam® or PVA particles). 
The primary endpoint was tumor response according to the 
amended EASL criteria (99). This study included 212 HCC 
patients with large or multinodular HCC. At six months, 
both groups had similar tumor response rate (complete 
response in the DC/LC Beads® group: 27%, in the 
conventional TACE group: 22%, objective response rate: 
57% and 44% respectively and disease control rate: 63% 
vs. 53%, P=0.11). Treatment-related serious adverse events 

within 30 days of the procedure were similar. However, 
secondary safety outcomes, including incidence and severity 
of adverse events, liver function parameters, and cardiac function, 
were significantly better in the DC Beads® group (100). 
A sub-analysis of this trial showed that liver toxicity and 
cardiac toxicity were significantly lower in DC/LC 
Beads® group (101). Subsequently, a RCT compared 
TACE doxorubicin loaded DC Beads® to conventional 
TACE followed by selective embolization with gelatin 
sponge particles, in 67 patients with unresectable HCC. The 
one-month complete response rates were 51.5 and 70.6% 
after DEB-TACE and conventional TACE respectively. No 
difference between groups was found with respect to time 
to recurrence, local recurrence, radiological progression 
and survival. The increase in alanine aminotransferase 
was higher in the conventional TACE than in the DEB-
TACE at 24 hours (102). A recent randomized clinical trial 
(PRECISION Italia study) compared the clinical efficacy 
and safety of DC-Beads® and conventional TACE in 177 
patients. The 1- and 2-year survival rates were similar: 
86.2% and 56.8% after DC/LC-Bead®-based TACE and 
83.5% and 55.4% after conventional TACE (P=0.949). 
There were no differences in terms of adverse events 
incidence and severity, except less post-procedural pain with 
DEBs (103). Two recent meta-analyses (both concerning 
7 RCTs and around 700 patients) comparing DEB-TACE 
with conventional TACE concluded that both techniques 
lead to similar clinical response and tolerance (104,105).

In a retrospective study of patients treated for a well-
differentiated metastatic neuroendocrine tumors or HCC, 
the occurrence of biloma and parenchymal infarct was 
significantly associated with DEB-TACE, irrespectively 
of the tumor type (106). Similar results were subsequently 
reported in patients treated for neuroendocrine liver 
metastases (107).

In a recent retrospective study of 164 patients receiving 
374 TACE, multivariate analysis revealed that DEBs of 
size >300 µm induced more non-tumoral liver necrosis 
compared to Lipiodol®-based TACE or DEBs <300 µm, and 
pretreatment bile duct dilatation and PVT were predictive 
of liver necrosis (108). As with conventional TACE, DEB-
TACE is generally well tolerated and not surprisingly the 
spectrum of adverse events is similar to conventional TACE. 
It has a more favourable pharmacokinetic profile than 
conventional TACE that translated into less doxorubicin-
related systemic adverse events in one RCT (100). With 
DEBs launching, physicians hoped to standardize TACE 
procedure in comparison with conventional practice (109), 
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aimed at defining standards for an appropriate and 
consistent use DC/LC-Beads®. These general guidelines 
are related to pretreatment imaging, peri-procedure 
medication, loading dose of doxorubicin, planned dose of 
doxorubicin, choice of beads size, beads dilution, catheter 
positioning, injection rate and embolization end-point. 
However, given the many patient- and tumor-related 
variables that play a role in the decision-making process 
and given the complexity of HCC, individual patient and 
tumor characteristics may require a different approach with 
DEBs which often require a customized/non-standardized 
approach.

The most important features of conventional and drug-
eluting beads-based TACE are summarized in Table 1.

Transarterial radioembolization (TARE)

External beam irradiation has historically played a limited 
role in the treatment of HCC due to the radiosensitive 
nature of normal hepatic tissue. Radiation exposure limit 
in the liver is rather 70 Gy in non-cirrhotic liver and 50 Gy 
in cirrothic liver. Liver exposure to greater radiation doses 
may result in a clinico-pathological syndrome characterized 
by ascites, anicteric hepatomegaly, and elevated liver 
enzymes, developing weeks to months following therapy. 
Given these limitations, minimally invasive transarterial 
radioembolization (TARE) has emerged. Radioembolization 
is defined as the injection of micron-sized embolic 

particles loaded with a radioisotope by using percutaneous 
transarterial techniques. Yttrium-90 (90Y) is commonly used 
for this purpose. 90Y is a pure beta emitter that decays to 
stable zirconium. Its physical half-life is 64.2 hours. The 
emissions generated have a mean tissue penetration of 
2.5 mm, with a maximum reach of 11 mm. This limited 
tissue penetration allows for local high dose radiation 
with less risk of radiation induced hepatic necrosis than 
may be seen with external beam therapy. Two types of 
microspheres are commercially available, i.e., SIR-Spheres® 
(Sirtex Medical Limited, Australia) and TheraSphere® 
(Biocompatibles, UK). These two devices are different in 
a number of important respects. TheraSphere® has higher 
specific activity (2,500 Bq) and lower number of spheres 
(1.2 million microspheres/3 GBq). Conversely, SIR-Sphere® 
has lower specific activity (50 Bq), and greater number of 
spheres (approximately 40-80 million spheres/3 GBq).

TheraSphere® was approved in 1999 by the Food and 
Drug Administration under humanitarian device exemption 
for the treatment of unresectable HCC in patients who can 
have appropriately positioned hepatic arterial catheters. 
TheraSphere® is composed of non-biodegradable glass 
microspheres ranging from 20 to 30 µm in diameter, 
in which 90Y is an integral constituent of the glass. One 
gigabecquerel (27 mCi) of 90Y per kilogram of tissue 
provides a dose of 50 Gy. The microspheres are supplied in 
0.5 mL of sterile, pyrogen-free water contained in a 0.3-mL 
V-bottom vial secured within a 12-mm clear acrylic shield. 

Table 1 Important features of conventional and drug-eluting beads-based TACE

Conventional TACE DEB-based TACE References

Proven benefit on overall survival (vs. best standard care) Yes Yes (23)

Real-time fluoroscopy-guided drug delivery Yes No (62)

Tumor labeling on CT (prognostic value) Yes No (83)

Duration of embolization effect Transient Permanent (62)

Selectivity for the tumor Yes (depends on  
vessel size)

Yes, if small particle size  
(<300 µm)

(77) (78)  
Namur 2010

Local release of anticancer drug Fast Low Namur 2010*

Systemic release of anticancer drug Moderate Low (40) (87)

Versatility of drug delivery Yes No (31)

Allows simultaneous local delivery of several therapies Yes No (62)

Risk of liver infarct and biloma Low High (beads >300 µm) (106) (107) (108)

Cost (mean overall procedure included hospitalization, 
consumables, medical acts)

€2,869 €3,960 Clouet 2014**  
(French study)

TACE, transarterial chemoembolization. *, Namur J, et al. J Vasc Interv Radiol 2010;21:259-67. **, Clouet J, et al. Diagn Interv 
Imaging 2014;95:427-34.
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The specific activity is 2,500 Bq at the time of calibration.
SIR-Sphere® was granted premarketing approval in 2002 

from the Food and Drug Administration for the treatment 
of colorectal metastases in conjunction with intrahepatic 
floxuridine, an analog of 5-FU. SIR-Sphere® consists of 
biodegradable resin-based microspheres containing 90Y. 
The average size of a sphere is 35 µm (range, 20-60 µm) in 
diameter. Each vial contains 3 GBq of 90Y in a 5 mL vial. 
Each vial contains 40-80 million spheres. The activity per 
microsphere is 50 Bq at the time of calibration.

Rhenium-188 radioconjugate can be available through 
the use of a Rhenium-188 generator. The half-life of 
Rhenium-188 is 16.9 hours. The isotope delivers high-energy 
beta emission (2.1 MeV max) and a low energy gamma 
emission (155 keV) permitting SPECT/PET imaging for 
dosimetry step and follow-up post-TARE. Usually, this 
radioconjugate is in the form of Rhenium-188 4-hexadecyl 
1, 2, 9, 9-tetramethyl-4, 7 diaza-1, 10-decaethaniol labeled 
with Lipiodol® (110). Dosimetry is based on the safe and 
tolerable dose to organs at risk including the liver, lungs 
and bone.

In contrast with the larger than 100 microns particles 
used in TACE to occlude tumor feeding vessels, much 
smaller particles (25-35 microns) are used in TARE to 
reach the tumor microvasculature. Clinical experience with 
TARE has shown a low incidence of post-embolisation 
syndrome, supporting its minimally embolic effect 
(110-123). Gulec et al. (117) retrospectively analyzed the 
data from a heterogeneous cohort of 40 patients with 
primary and metastatic liver malignancies who underwent 
treatments using 90Y resin microspheres (SIR-Sphere®). 
The average administered activity was 1.2 GBq and tumor 
absorbed doses ranged from 40.1 to 494.8 Gy. The authors 
concluded that doses up to 100 Gy to the uninvolved liver 
were tolerated by this procedure without the development 
of veno-occlusive disease or liver failure. The authors 
further noted that lowest tumor dose necessary to generate 
a detectable response was 40 Gy.

Broadly equivalent survivals after TACE and TARE have 
been reported in retrospective analyses of single institutions. 
A comparative analysis was reported including 463 patients 
treated with either TACE or TARE (118). Fatigue and fever 
were more common following TARE; while abdominal 
pain, diarrhea and aminotransferases elevations were more 
frequent following TACE. Response rate was in favor 
of TARE over TACE (49% vs. 36%, P=0.052). Overall, 
although TARE time to progression was significantly 
better than TACE (13.3 vs. 8.4 months, P=0.0232), median 

5-year survival was not significantly different. In the largest 
comparative study, all-type adverse events, response rate 
and time to progression were better in TARE than in 
conventional TACE but OS was no different (119).

Most patients currently treated by TARE are poor 
candidates to TACE because of a high tumor burden, 
presence of vascular invasion or lack of response to 
previous TACE. Radioembolization is one of the more 
technically challenging transcatheter embolisation 
procedures because of the risk of non-target embolisation. 
Two absolute contraindications exist for the use of 90Y 
microsphere treatment in any patient (116,123). The first 
is a pretreatment 99mTc macro-aggregated albumin (MAA) 
scan demonstrating significant hepato-pulmonary shunting 
(>20%) that would result in >30 Gy being delivered to 
the lungs with a single infusion or as much as 50 Gy for 
multiple infusions. The second is the inability to prevent 
deposition of microspheres to the gastrointestinal tract 
with modern catheterization techniques. Patients can only 
be considered for TARE is the degree of arterio-venous 
shunting to the lung is limited (usually less than 20%) and 
there is no possibility that microspheres may reach the 
gastrointestinal tract.

Evidence supporting the use of TARE in the treatment 
of HCC patients comes from consistent, large cohort series 
involving patients with more advanced HCC, not suitable 
for other locoregional therapies or who have failed to 
TACE. Radioembolization can be used in HCC patients 
who progressed to TACE and for those in the advanced 
stage because of portal vein invasion.

Many clinical studies (total of 25 in USA and Europe) 
with TheraSphere® and SIR-Sphere® are on-going to 
evaluate feasibility, efficacy and tolerance in primary and 
secondary liver cancer (HCC, ICH, mCRC and NET) 
management. Ongoing trials will also answer the question 
of whether radioembolization is any better than sorafenib 
in prolonging the survival of poor TACE candidates. 
Altogether treatment with intra-arterial therapies 
(TACE+TARE) procedures of all primary and secondary 
liver cancer lesions is estimated higher than half a million in 
the world per year based on market studies of intra-arterial 
devices/products.

Response assessment of TACE in HCC patients

The range of patients treated by TACE in clinical practice 
largely exceeds the boundaries of the intermediate stage 
and reported survivals widely range from 8-26% at five 
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years (13). Among 4,966 Japanese patients without vascular 
invasion, extrahepatic metastases or prior treatment that 
received superselective conventional TACE, median 
survival was 3.3 years (124). However, when median 
survival is reported by tumor stage, it ranges from 16 to 
45 months in the early stage, from 15.6 to 18.2 months 
in intermediate stage, and from 6.8 to 13.6 months in the 
advanced stage (13).

Radiologic parameters by CT and MRI may be useful 
in biological characterization of tumors and predictive 
efficacy for HCC treated with chemoembolization. OS 
was significantly longer for patients with completely 
encapsulated HCC versus patients with incompletely or 
nonencapsulated tumors (125). Kim et al. (126) reported 
that gross vascular invasion, bile duct invasion, irregular 
tumor margin, peripheral ragged enhancement, and satellite 
nodules on CT or MRI were associated with less favorable 
response after chemoembolization. After adjusting tumor 
size, tumor number, and alpha-fetoprotein (AFP) level, 
these CT and MRI scores were independently associated 
with OS. MRI-specific parameters such as signal intensity 
on T2- or T1-weighted images, fat signal, or hyperintensity 
on diffusion-weighted images did not have prognostic 
value. Kawamura et al. (127) reported that the arterial- and 
portal-phase dynamic CT images obtained preoperatively 
were classified into four enhancement patterns: Type-1 and 
Type-2 are homogeneous enhancement patterns without or 
with increased arterial blood flow, respectively; Type-
3, heterogeneous enhancement pattern with septum-like 
structure; and Type-4, heterogeneous enhancement pattern 
with irregular ring-like structures. The percentages of 
poorly-differentiated HCC according to the enhancement 
pattern were 6% of Type-1 and -2, 13% of Type-3, and 
73% of Type-4. Type-4 pattern was a significant and 
independent predictor of poorly-differentiated HCC while 
Type-3 pattern was a significant predictor of simple nodular 
type with extranodular growth or confluent multi-nodule.

Assessment of tumor response is of extreme importance 
in patients undergoing locoregional treatments of liver 
cancer. The Clinical Practice Guidelines jointly issued by 
the EASL and the European Organization for Research 
and Treatment of cancer (EORTC) state that assessment of 
response in HCC should be based on mRECIST criteria 
by performing contrast-enhanced CT or MRI 4 weeks 
after treatment. Conventional methods, such as classical 
Response Evaluation Criteria in Solid Tumors (RECIST) 
criteria, have no predictive value in HCC patients treated 
with TACE or TARE (128). These criteria only rely 

on tumor shrinkage as a measure of antitumor activity, 
an assumption that is only valid with cytotoxic drugs. 
TACE and TARE induce direct tumor necrosis and their 
anticancer activity is not predictive to a reduction in overall 
tumor load but rather to a reduction in viable tumor, as 
identified by contrast-enhanced radiologic imaging. Thus, 
a modification of the RECIST criteria, named modified 
RECIST (mRECIST), for HCC based on the fact that 
diameter of the target lesions with viable tumor, should 
guide all measurements. Treatment response after TACE 
is assessed with identification of intra-tumoral necrotic 
areas and reduction of tumor burden in dynamic studies in 
regular intervals utilizing cross sectional modalities, such 
as triphasic CT or MRI. In addition, specific modifications 
of the original criteria regarding assessment of vascular 
invasion, lymph nodes, ascites, pleural effusion and new 
lesions have been introduced (129). Tumor response 
measured by EASL or mRECIST after TACE has been 
shown to correlate with survival outcomes (130,131).

Pre-procedural AFP has not been demonstrated to be 
a prognostic marker of post procedural clinical response. 
In patients with high AFP before treatment, subsequent 
decrease after treatment is indicative of response; however, 
this is not reliable, and monitoring of AFP should not 
substitute dynamic imaging studies. Immediate post 
procedural elevations in tumor markers may be reflective 
of cellular lysis, not disease progression, and should not be 
used to assess response in the acute setting.

Patients that show no tumor response shortly after 
TACE is completed have a worse prognosis. If complete 
tumor necrosis is not achieved after the first session of 
TACE, a second attempt is warranted because feeding 
arteries may have been missed. However, patients that do 
not respond to two consecutive sessions of TACE should be 
considered for alternative therapies (13).

Recently Wang et al. (132) showed evidence of an 
association between intraprocedural tumor perfusion 
reduction during chemoembolization and transplant-free 
survival and suggests the utility of transcatheter intraarterial 
perfusion magnetic resonance (MR) imaging measured 
tumor perfusion reduction as an intraprocedural imaging 
biomarker during chemoembolization. Loffroy and 
colleagues (133) proposed the use of intraprocedural C-arm 
dual phase- cone-beam computed tomography immediately 
after TACE with doxorubicin-eluting beads to predict 
HCC tumor response at 1-month MR imaging follow-up. 
They reported a significant relationship between tumor 
enhancement seen at DP-CBCT after TACE and objective 



Chinese Journal of Cancer Research, Vol 27, No 2 April 2015

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(2):96-121www.thecjcr.org

113

MR imaging response at 1-month follow-up, suggesting 
that DP-CBCT can be used to predict tumor response after 
TACE. Sahani et al. suggested that perfusion MRI may be 
a more sensitive biomarker in predicting early response 
than RECIST and mRECIST (134,135). Other functional 
imaging methods, such as 18F-fluorodeoxyglucose PET, 
contrast-enhanced ultrasound have been used to assess 
post-treatment evaluation (136-141). However, Xu et al. 
recently suggested that contrast enhanced ultrasound may 
occasionally miss small residual tumorous nodule (142).

Current and future developments

Combined therapies

There are several theoretical reasons to combine TACE and 
other recommended therapies such as RFA or sorafenib. 
RFA is an excellent therapeutic approach of small (<3 cm) 
lesions. As the size of lesions increases, its local efficacy 
is reduced, due to a maximum volume of ablation in the 
range of 4 cm, and in heat loss due to perfusion mediated 
tissue cooling. It has been demonstrated in animal model 
that performing TACE before RFA increase volume of 
ablation (143), thus making this approach of interest in 
large tumors (144). TACE may also allow down-staging 
of 3-5 cm lesions to permit subsequent RFA treatment. 
A RCT in 189 patients with HCC <7 cm showed that 
patients assigned to conventional TACE+RFA had better 
OS and recurrence-free survival than patients on RFA  
only (145). A recent meta-analysis compares the effectiveness 
of combination of RFA and TACE with that of RFA alone 
in HCC patients (7 trials comprising 571 patients). The 
combination of RFA and TACE was associated with a 
significantly higher OS rates and recurrence-free survival rate 
compared with RFA alone (146).

Combining TACE and sorafenib has also a strong 
theoretical rationale. Tumor hypoxia intentionally caused 
by TACE can induce upregulation of circulating vascular 
endothelial growth factor (VEGF), which is essential for 
HCC growth, invasion, and metastasis. Recent studies 
have reported a significant association between VEGF 
upregulation after TACE and poor prognosis (147,148). 
Sorafenib is an oral multitargeted receptor tyrosine kinase 
inhibitor with, notably, VEGFR-2/3 inhibitory properties. 
Sorafenib (Nexavar®, Bayer and Onyx Pharmaceuticals Inc., 
USA) was approved from the United States Food and Drugs 
Administration (FDA), the European Medicines Agency 
(EMA), Chinese Health Authorities, etc. for the treatment 

of advanced HCC (149,150). The addition of sorafenib to 
TACE compared to TACE alone in patients with advanced 
or intermediate unresectable HCC and good liver function 
is feasible with a rate of adverse events predictable and 
manageable with dose reduction (149,150). In the SPACE 
trial, the safety and efficacy of sorafenib vs. placebo 
associated with DEB-TACE (DEBDOX®) was investigated 
in 304 patients with intermediate-stage HCC. Addition of 
sorafenib to DEB-TACE improved time-to radiological 
progression (TTP). Median TTP was 169 and 166 days in 
the sorafenib and placebo groups respectively (HR 0.797, 
95% CI: 0.588-1.080, P=0.07). TTP at the 25th and 75th 
percentiles (preplanned) was 112/88 and 285/224 days in 
the sorafenib and placebo groups, respectively (151). Several 
clinical trials are currently evaluating this combined effect 
on the outcome of patients with unresectable HCC [e.g., on 
the site ClinicalTrials.gov, studies number NCT01833299; 
NCT01906216 (the SELECT trial); NCT01829035; etc.]

The risk exists of early rebound with VEGF release 
leading to tumor relapse. Several important questions 
remain open, such as the best sequential timing of targeted 
therapy and TACE to prevent such rebound effect, the best 
imaging technique to evaluate clinical response, the best 
targeted drug to use in combination with TACE, and the 
most reliable primary endpoints.

Immune therapy

Second generation immune therapy of tumors is attracting 
widespread attention, including for HCC (152,153). The 
liver is permanently exposed to food-derived dietary and 
microbial antigens from the gastro-intestinal tract, as well 
as antigens from apoptotic tumour cells, thus leading to 
liver being an inherent tolerogenic microenvironment (154).  
Local immune therapy is an interesting option for 
the treatment of HCC or liver metastases. Promising 
results on survival have been reported in patients with 
liver metastases from primary uveal melanoma after 
immunoembolization with granulocyte-macrophage 
colony-stimulating factor (GM-CSF) mixed with Lipiodol® 
(associated with Gelfoam®) and administered into the 
hepatic artery (155). Local administration of dendritic cells 
(DCs) stimulated with OK432, a streptococcus-derived 
anti-cancer immunotherapeutic agent, in the presence of 
interleukin (IL)-4 and GM-CSF, during TACE procedure 
in HCC patients has been found to be safe and prolonged 
recurrence-free survival of patients compared with the 
historical controls treated with transcatheter hepatic arterial 



Wáng et al. Transcatheter embolisation therapy

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2015;27(2):96-121www.thecjcr.org

114

embolization without DC transfer (156). Minimally invasive 
thermal ablation techniques (cryoablation or hyperthermic 
ablations) are associated with the local release of tumour 
antigens (157) which may lead to innovative techniques of 
immune therapy, possibly involving Lipiodol® as a drug-
delivery system. However, many challenges remain as 
individual cancers have their own pattern of cancer antigen 
expressions, thus making the development of universally 
applicable therapy difficult. Indeed, safety issue is crucial. 
The involvement of large number of tumor-associated 
antigens is another challenging issue.

Conclusions

In patients diagnosed with HCC, a survival benefit has 
been observed in patients that meet the rigorous criteria for 
curative resection or transplantation (158). TACE has been 
proven to be useful in local tumor control, to prevent tumor 
progression, prolong patients’ life and control patient 
symptoms. TACE alone or combined with other minimally 
invasive procedures can also be used as a neoadjuvant 
therapy or as a bridging therapy to liver transplantation 
or resection. In the latter condition it prevents tumor 
progression and patient drop-out from the waiting list of 
liver transplantation. Multimodal treatment may be the best 
way to optimize TACE/TARE outcomes in HCC. So far, 
there is no significant evidence of the clinical superiority of 
DEB-TACE over conventional TACE in terms of clinical 
efficacy. TARE may be safe in advanced disease, including 
portal vein invasion and larger tumors. With introduction of 
sorafenib as standard treatment for advanced HCC, phase 
II and III studies are ongoing to explore safety and efficacy 
of RFA, TACE or TARE in combination with sorafenib or 
targeted drugs under clinical development. With these and 
other studies, the clinical indications and specific patients 
ideally suited for these palliative interventions will continue 
to be refined.
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