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urative therapies for hepatocellular carcinoma (HCC),
uch as resection, liver transplantation, and percutane-
us ablation, can be applied in selected patients with
arly tumors; this includes approximately 30%–40% of
ll cases. More advanced stages require local or sys-
emic therapies. Data on the efficacy of these treat-
ents are derived from small randomized controlled

rials (RCT) and meta-analysis. Chemoembolization, a
echnique combining intra-arterial chemotherapy and
elected ischemia, has produced modest survival advan-
ages in 2 RCTs and a meta-analysis, and is currently the
ainstay of treatment for these stages. The ideal can-

idates for this option are patients with well-preserved
iver function (Child-Pugh class A) and multinodular
symptomatic tumors without vascular invasion, who
onstitute less than 15% of the HCC population. In these
ases, the benefits derived by achieving objective re-
ponses (30%–50% of cases) are not offset by the de-
erioration of the liver function. Treatment-related mor-
ality is less than 4%. No survival advantages have yet
een shown with embolization or intra-arterial chemo-
herapy alone. Further RCTs are needed to assess the
est chemotherapeutic agent and the ideal retreatment
chedule. The analysis of efficacy in these trials should
e adjusted for prognostic factors, such as the presence
f symptoms, Child-Pugh class, and segmental vascular

nvasion.

epatocellular carcinoma (HCC) is a major health
problem worldwide, involving more than 500,000

ew cases yearly, with an age-adjusted incidence of 5.5–
4.9 per 105 population.1 In some areas of Asia and the
iddle East, HCC ranks as the first cause of death caused

y cancer. The incidence of HCC is increasing in Europe
nd the United States,2 and HCC is currently the leading
ause of death among cirrhotic patients.3

Role of Chemoembolization in the
Treatment Strategy for HCC

There is no agreement on a common treatment
trategy for patients with HCC worldwide, and several
roposals have been published.4–7 In Western countries,

urveillance programs have led to an increase in the
pplicability of radical therapies that nowadays are indi-
ated in 30%–40% of patients.4 These effective options
hat may allow long-term cure include resection, trans-
lantation, and percutaneous ablation. Numerous non-
ontrolled studies provide indirect evidence that these
reatments enhance survival. Resection and transplanta-
ion achieve the best outcomes in well-selected candi-
ates (5-year survival of 60%–70%), and compete as the
rst option in patients with early tumors from an inten-
ion-to-treat perspective.4,8,9 Resection yields good re-
ults in the small percentage of candidates who present
ith single tumors and excellent liver functional reserve.
ransplantation is the first choice for patients with small
ultinodular tumors (3 nodules �3 cm) or those with

dvanced liver dysfunction.8,9 If surgery is precluded,
ocoregional therapies are applied. Percutaneous treat-
ents provide good results (5-year survival of 40%–

0%), but are unable to achieve response rates and
utcomes comparable with those of surgical treatments,
ven when applied as the first option.4,10

Several therapies have been proposed for patients who
annot benefit from a radical approach. Some of them
ave been assessed through randomized controlled trials
RCT), but only approximately 70 such robust investi-
ations have been conducted during the last 25 years.11

n these studies, only chemoembolization has been
hown to improve survival in well-selected candi-
ates,12–26 but a recent European RCT showed that only
12 of 903 consecutively evaluated HCC patients were
uitable for these treatments, representing 12% of the
hole HCC population18 (Table 1). Other locoregional

reatments, such as internal radiation27 and intra-arterial
hemotherapy, provide promising results,28–31 but with-
ut any proven impact on survival. Tamoxifen is an
neffective treatment for HCC.11 Clinical data assessing
ew generations of drugs, such as cytostatic agents, new

Abbreviations used in this paper: HCC, hepatocellular carcinoma;
CT, randomized controlled trials; TAE, transarterial embolization;
ACE, transarterial chemoembolization.

© 2004 by the American Gastroenterological Association
0016-5085/04/$30.00
doi:10.1053/j.gastro.2004.09.032
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ytotoxic compounds, immunomodulators, or gene ther-
pies, are still scarce.

The present review will focus on the analysis of the
ata assessing arterial embolization and intra-arterial
reatments for HCC. This includes 27 RCTs and numer-
us noncontrolled studies assessing transarterial emboli-
ation (TAE), chemoembolization (TACE), lipiodoliza-
ion, and intra-arterial chemotherapy as a primary
reatment of HCC.

able 1. Patients With HCC Evaluated in a Randomized
Controlled Trial Assessing Chemoembolization
Versus Embolization Versus Control,
July 1996–July 2000

All patients
N � 903 (%)

atients with early HCC treated by curative therapies 310 (34.3)
Surgical treatments: resection or liver

transplantationa
154

Percutaneous treatmentsb 156
atients at intermediate-advanced stage 394 (43.7)
Patients included in the study 112 (12.4)
Patients with exclusion criteria 282

Age �75 y 68
Advanced liver disease 46
Contraindication for embolization/doxorubicin 29
Vascular invasion or extrahepatic spread 97
Patient’s refusal to participate in the study 42

nd-stage tumor disease 199 (22)

odified and reprinted with permission.4

Including both cadaveric and living donor liver transplantation.
Including percutaneous ethanol injection and radiofrequency thermal
blation.

able 2. Intra-arterial Treatments for Hepatocellular Carcinom
(1978–2002)

Vascular occlusion
(agents used) Chemothe

rterial embolization/chemoembolization
rterial embolization Yes

Gelatin sponge No
Polyvinyl alcohol
Coils
Blood clot

hemoembolization Yes
Gelatin sponge Yes—Lipio
Polyvinyl alcohol

rterial chemotherapy
ipiodolization No

Yes—Lipio
ADMOS
Epirubic

ntra-arterial chemotherapy No
Yes—Cisp

Epidoxo
Doxorub

DMOS, Adriamycin/mitomycin C oil suspension.

RCT comparing active treatment versus conservative management or sub
Rationale for Arterial Embolization
and Techniques

Progression of HCC is closely linked to neoangio-
enic activity.32 At very early stages, the tumor is not
ighly vascularized and receives its blood supply from
oth the portal vein and the hepatic artery. However,
hen the neoplasm grows into a more advanced stage

usually measuring more than 2 cm in diameter), the
lood supply is mostly dependent on the hepatic artery.32

arge HCCs receive their main blood supply almost
ntirely through the hepatic artery. This specific arterial
ascular profile provides the basis for the development of
rterial obstruction as an effective therapy. Acute arterial
bstruction results in ischemic tumor necrosis with a
igh rate of objective responses.
The techniques and agents used to treat HCC by

ntra-arterial means are very heterogeneous. This hinders
dequate analyses and interpretation of the results of
linical trials as well as the ability to conduct meta-
nalyses, highlighting the need for a common definition
f the procedures performed. At least 3 groups of proce-
ures should be considered. These are first, procedures
imed at achieving arterial occlusion, such as arterial
mbolization or chemoembolization; second, procedures
imed at delivering nonocclusive antitumoral substances,
uch as arterial chemotherapy or lipiodolization (Table
); and finally, procedures aimed at delivering internal
adiation (iodine131, yttrium90), which should be consid-
red separately.

sessed in the Setting of 27 Randomized Controlled Trials

(agents used)
Objective

response rate RCT

15%–55% 17 (7)a

doxorubicin, cisplatin, epirubicin

12%–42% 10 (1)a

doxorubicin, cisplatin, epirubicin
platin, epidoxorubicin

mitomycin

n � 5FU
cisplatin
a As

rapy

dol �

dol �
� cis
in �

latin
rubici
icin,
optimal therapies.
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Arterial Embolization

Arterial embolization, which leads to the occlu-
ion of arterial flow, is also referred to as TAE, transcath-
ter arterial embolization, hepatic arterial embolization,
epatic arterial obstruction, or intra-arterial emboliza-
ion. The hepatic artery blood flow may be obstructed by
ompressing the vessel from the outside or by placing an
bstructing agent inside the vascular lumen. The first
pproach, surgical ligation of the hepatic artery, was
erformed years ago but was abandoned because of the
igh rate of severe side effects, including death.33 In fact,
urgical ligation was frequently performed to control
eritoneal bleeding caused by rupture of the HCC, but
he same therapeutic effect might be achieved by TAE.34

The internal obstruction of the hepatic artery may be
chieved by the injection or intra-arterial placement of
everal agents: metallic coils, Gelfoam (cubes or powder),
olyvinyl alcohol, starch microspheres, or even autolo-
ous blood clots.12–26,36–39 Most investigators use gelatin
ponge prepared as 1-mm cubes. Gelfoam powder was
sed to achieve a more distal embolization, but this has
een associated with biliary strictures, and thus should
e avoided.35 Polyvinyl alcohol (Ivalon) achieves a more
istal obstruction and may be used to embolize small
essels or even collaterals that have been formed after
epeated embolization with other agents. Starch micro-
pheres induce a transient obstruction of the hepatic
rtery branches because they are degraded in a short
eriod of time. However, their antitumoral effect is less
ntense. Nowadays, the use of metallic coils has been
lmost abandoned. The injection of autologous blood
lots has been scarcely used, but it has been reported to
chieve almost the same effects as with a gelatin sponge.

Chemoembolization

Chemoembolization refers to the same process
receded by the administration of chemotherapeutic
gents, usually mixed with lipiodol as a vehicle. This
rocedure refers to those named TACE or intra-arterial
hemoembolization. Chemotherapy agents must be in-
ected before arterial obstruction. Attempting to increase
he selective delivery of chemotherapy into the tumor, it
s very common to suspend the antineoplastic agent in
ipiodol, an oily contrast agent used for lymphographic
tudies. This contrast is selectively retained within the
umor, and thus it could expand the exposure of the
eoplastic cells to chemotherapy. The dose of chemother-
py to be administered must be adjusted according to the
iver function. Chemotherapy agents must be distributed
mong the affected lobes. If the tumor affects only 1 lobe,

t is common practice to inject 25% of the agent into the o
umor-free lobe, attempting to act on those potentially
xisting undetected clones. Several chemotherapeutic
gents have been used, doxorubicin and cisplatin being
he most common. Tissue necrosis is evident after these
rocedures.40–42 In addition, apoptosis has been docu-
ented when adding chemotherapy.43

The procedure should be as selective as possible to
imit as much as possible the injury to the surrounding
ontumoral liver. A mixture of gelatin sponge and ra-
iologic contrast is injected until the forward blood flow
s abolished, but avoiding the backward flow of particles
hat could embolize vessels outside the liver. Injection of
hemotherapy emulsified in lipiodol precedes the ob-
truction. The so-called postembolization syndrome,
onsisting of transient abdominal pain, ileus, and fever,
ffect 60%–80% of patients. Prophylactic antibiotics are
ot routinely used because the fever is caused by tissue
ecrosis and is a predictor of treatment response.44 Treat-
ent-related complications appear in less than 10% of

reatment sessions (ischemic cholecystitis, hepatic ab-
cess, biliary strictures).12–26 Treatment may lead to
eath in 4% of cases in selected candidates, but in as
any as 10%–20% of Child-Pugh class B and C pa-

ients.45 Intra-arterial injection of chemotherapy has sim-
lar side effects to systemic administration.

Conventionally, arterial embolization/chemoemboliza-
ion should be avoided in patients with advanced liver
isease (Child-Pugh class C), active gastrointestinal
leeding, encephalopathy, refractory ascites, extrahepatic
pread; portosystemic shunt, hepatofugal blood flow; any
ontraindication for an arterial procedure such as im-
aired clotting test results (platelet count �50,000/mm3

r prothrombin activity �50%), renal failure, and a
erum bilirubin value �5 mg /dL, or end-stage tumoral
isease.18 Subjects with thrombosis of a lobar or segmen-
ary branch constitute poor candidates for the procedure
ecause this will prompt necrosis of the tumor and of the
ontumoral liver left without blood supply, and thus
ay lead to death caused by liver failure. However, some

nvestigators still perform arterial obstruction in subjects
ith segmentary or subsegmentary thrombosis or even

ombine arterial with simultaneous portal obstruction
or small HCC.46 This combined approach has a limited
pplication and is not used in routine clinical practice.

Arterial Chemotherapy and Lipiodolization

The use of arterial chemotherapy (direct arterial
dministration of chemotherapy, or using pumps) or
ipiodolization (arterial administration of lipiodol—no
ntitumoral activity—or a mixture of lipiodol as a ve-
icle of chemotherapy) is not expected to achieve arterial

cclusion.28–31 Although arterial infusion therapy was
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rst reported in 1974,47 target chemotherapy for liver
ancer using lipiodol as a vehicle of chemotherapy was
ot proposed until 1983,48 and was called lipiodolization
hortly afterwards by Kanematsu et al.49 Experimental
tudies have shown that lipiodol can be applied as a
arrier of antitumoral drugs, but that it has no embolic
ffect on the artery feeding the tumor,50 only on very
istal microarterioles and venules. Apoptosis might be
vident after these treatments.43

Efficacy of Arterial Embolization:
Objective Responses, Tumor
Progression, and Survival

The lack of standard therapy for patients with
ntermediate–advanced stages of HCC reinforces the
eed to explore active interventions through RCTs, com-
aring active and nonactive treatment in carefully se-
ected populations. Phase III studies are commonly con-
ucted in oncology, but very few of them include an
ntreated control arm, which is mandatory to show
utcome benefits.11,51 These studies should include as an
ctive arm either treatments with clear antitumoral ef-
ects or those that have proved to significantly delay the
rogression of the disease in the setting of phase II trials.
he efficacy of arterial embolization in terms of inducing
bjective responses is clear. Table 2 summarizes the
bjective response rates described after arterial emboli-
ation or chemoembolization (15%–55%) and after ar-
erial chemotherapy (12%–42%) in the 27 RCTs pub-
ished to date.12–31 Prospective studies have shown that
he probability of preventing tumor progression (defined
y World Health Organization criteria) is significantly
igher in patients treated by TAE/TACE than in un-
reated controls.14,15 The reduced progression rate results
n a lower risk of vascular invasion, and this is a relevant
spect when considering that the appearance of vascular
nvasion while waiting for liver transplantation may
mpede the procedure.

Ultimately, almost 70%–80% of patients treated
ith TACE will die of tumor progression rather than

iver failure.18 However, although these treatments were
idely used, evidences of survival advantages have only

ecently been identified.
In 2002 we reported a 3-arm RCT showing survival

enefits favoring chemoembolization with doxorubicin
nd gelatin sponge in comparison with conservative
anagement.18 Almost simultaneously, results of an-

ther positive RCT was published from Asia.17 Because
f the uncertainty of whether survival was enhanced in
CC patients treated with TAE/TACE, we performed a
ystematic review and meta-analysis assessing all of these r
rocedures undertaken between 1978 and 2002.11 After
nitial screening, a total of 328 potentially relevant clin-
cal trials of HCC were identified, 61 of which assessed
rimary treatments for HCC (Figure 1). Seventeen RCTs
ssessed arterial embolization or chemoembolization, and
0 assessed arterial chemotherapy (Table 3).12–31 How-
ver, only 7 RCTs were adequate for the meta-analy-
is12–18 because they included a control arm of conserva-
ive management or suboptimal therapies, and overall
rovided a sufficient sample size for this given option
more than 250 patients randomized).

The core group of the meta-analysis included 6 studies
503 patients) reporting 2-year death rates, 4 assessing
hemoembolization (1 with doxorubicin18 and 3 with
isplatin14,16,17), and 3 evaluating embolization alone.
he embolization agent was Gelfoam cubes in all studies,
xcept in 1 that used Gelfoam powder as the sole embo-
izing agent.13 The mean number of treatment sessions
anged between 1 and 4.5 courses. Five studies showed a
igh quality score. Four studies were European, and
ncluded HCV or alcohol-related cirrhotic patients in
8%–100% of cases, mostly from Child-Pugh class A.
wo Asian studies included HBV-induced chronic liver
isease in 80% of cases. Two studies treated patients
ith segmental portal branch tumoral thrombosis.14,17

Treatment outcome assessed 1 to 6 months after the
rocedure showed objective responses in 35% (range,
6%–61%) of patients (108 of 307). Two studies iden-
ified survival benefits favoring treatment,17,18 and 2
escribed a trend.12,14 The outcome results showed a
etter 2-year survival of the treated group compared with
he control group (41% vs 27%). Meta-analysis showed

significant improvement in 2-year survival favoring
reatment (OR, 0.53; 95% CI, 0.32–0.89; P � .017.
igure 2).11 Sensitivity analysis showed a significant
enefit of chemoembolization with cisplatin or doxo-

igure 1. Study flowchart for the systematic review of RCTs for unre-
ectable HCC (1978–2002). Reprinted with permission.11
ubicin assessing 323 patients (OR, 0.42; 95% CI,
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able 3. Response Rate and Survival of HCC Patients Treated by TAE, TACE, Arterial Lipiodolization, and Arterial
Chemotherapy in the Setting of RCT

Author, journal N Objective response

Survival (%)

1 y 2 y

rterial embolization/chemoembolization vs conservative management
Lin et al. Gastroenterology 198812 63

TAE [Ivalon � gelatin sponge powder/cubes] 21 61% 42 25
TAE � iv 5-fluorouracil 21 47% 20 20
iv 5-fluorouracil 21 9.5% 13 13

Pelletier et al. J Hepatol 199013 42
TACE [gelatin sponge powder, doxorubicin] 21 33% 24 NA
Conservative management 21 0% 33 NA

GETCH. N Engl J Med 199514 96
TACE [gelatin sponge particles, cisplatin] 50 16% 62 38
Conservative management 46 5% 43 26

Bruix et al. Hepatology 199815 80
TAE (gelatin sponge) � coils 40 55% 70 49
Conservative management 40 0% 72 50

Pelletier et al. J Hepatol 199816 73
TACE [gelatin sponge, cisplatin] � tamoxifen 37 24% 51 24
Tamoxifen 36 5% 55 26

Lo et al. Hepatology 200217 79
TACE [gelatin sponge, cisplatin] 40 27% 57 31
Conservative management 39 2.6% 32 11

Llovet et al. Lancet 200218 112
TAE (gelatin sponge) 37 43% 75 50
TACE [gelatin sponge, doxorubicin] 40 35% 82 63
Conservative management 35 0% 63 27

rterial embolization/chemoembolization versus active treatment
Kasugai et al. Gastroenterology 198919 97

TACE [gelatin sponge, cisplatin] 52 38% 71 45
TACE [gelatin sponge, doxorubicin] 25 13% 55 40
TACE [doxorubicin 0.6–1 mg/kg � gelatin sponge] 20 11% 35 5

Kawai et al. Cancer Chemother Pharmacol 199220 232
TAE [gelatin sponge, lipiodol] 109 27% 74 51
TACE [gelatin sponge � lipiodol � doxorubicin] 123 27% 65 42

Okamura et al. Cancer Chemother Pharmacol 199221 117
TACE [epirubicin � lipiodol � gelatin sponge] 58 19% 86 NA
TACE [doxorubicin � lipiodol � gelatin sponge] 59 22% 84 NA

Kawai et al. Cancer Chemother Pharmacol 199422 416
TACE [epirubicin � lipiodol � gelatin sponge] 208 NA 69 44
TACE [doxorubic � lipiodol � gelatin sponge] 207 NA 74 57

Chang et al. Cancer 199423 46
TACE [cisplatin � lipiodol � gelatin sponge] 22 68% 52 26
TAE [lipiodol � gelatin sponge] 24 67% 72 39

Hatanaka et al. Radiology 199524 272
TACE [cisplatin or doxorubicin � gelatin sponge] 60 NA 80 65
TACE [cisplatin or doxorubicin � lipiodol � gelatin sponge] 78 NA 86 55
TACE [cisplatin or doxorubicin � lipiodol] 134 NA 66 50

Ikeda et al. Am J Clin Oncol 199725 40
TAE [gelatin sponge] � 5-DFUR 20 70% 75 64
TAE [gelatin sponge] 20 60% 85 66

Chen et al. World J Gastroenterol 200226 473
TACE [epirubicin � mitomycin � lipiodol � gelatin sponge]

Child-Pugh A 203 NA 79 52
Child Pugh B 3 NA 42 21

TACE [epirubicin � mitomycin � lipiodol � 20 mL � gelatin sponge]
Child-Pugh A 238 NA 59 27
Child-Pugh B 19 NA 47 24

rterial lipiodolization/arterial chemotherapy
Watanabe et al. Cancer Chemother Pharmacol 199428 77

Arterial lipiodolization [epidoxorubicin] 39 NA 70 44

Arterial lipiodolization [doxorubicin] 38 NA 75 44
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.20–0.88), but none with embolization alone assessing
15 patients in 3 studies27,30,33 (OR, 0.59; 95% CI,
.29–1.20).

Selection of the Target Population:
Analysis of Prognostic Factors

Once survival advantages have been shown, one of
he most relevant issues is the identification of the ideal
andidates for chemoembolization. As stated above, only
pproximately 12% of HCC patients may be considered
or chemoembolization, but not all of them will benefit
rom the treatment.18 Table 4 summarizes the indepen-
ent predictors of survival in patients with HCC treated
y arterial embolization or chemoembolization, assessed
y multivariate analysis. Predictors of outcome are re-
ated to tumor burden (tumor size, vascular invasion, and
FP levels), liver functional impairment (Child-Pugh

lass, bilirubin, ascites), health status (constitutional syn-
rome, Karnofsky index, performance status test) and
esponse to treatment.14,15,17,18,52,53 In fact, most of the

able 3. (continued).

Author, journal

Yoshikawa et al. Cancer Chemother Pharmacol 199429

Arterial chemotherapy [epirubicin]
Arterial lipiodolization [epirubicin]

Kawai et al. Semin Oncol 199730

TACE [epirubicin � lipiodol � gelatin sponge]
TACE [doxorubicin � lipiodol � gelatin sponge]

Chung et al. Cancer 200031

Arterial chemotherapy [cisplatin] � TFN-�
Arterial chemotherapy [cisplatin]
Supportive care

igure 2. Meta-analysis of randomized controlled trials comparing
hemoembolization/embolization and conservative management or
uboptimal therapies for unresectable HCC. GETCH, Group d’Etude et
raitement du Carcinome Hépatocellulaire. Reprinted with permis-
wion.11
CTs include Child-Pugh class A patients (70%–100%)
ith multinodular HCC without vascular invasion (over-

ll �95%). By contrast, 2 studies reporting the lowest
ontrol rate have included patients at very advanced
tages (74% Okuda II–III)13 or with segmental vascular
nvasion (26% of cases).17 Thus, patients with well-
reserved liver function and multinodular HCC without
ascular invasion seem to be the best target population.
owever, not all of these patients have a response to

herapy, and this should be the major effect leading to
urvival improvement. Objective responses were associ-
ted with a significantly lower incidence of portal vein
hrombosis in 2 studies.14,18 In addition, the 2 positive
CTs identified treatment response as an independent
redictor of survival.17,18 Therefore, the best survival
dvantage will be attained by well-selected candidates
ho experience an objective treatment response.

Caveats in the Knowledge of
Chemoembolization in HCC: Future
Research

As previously noted, chemoembolization should
e considered the mainstay of treatment for HCC pa-
ients with intermediate tumors, and should become the
tandard therapy in selected candidates (Figure 3).4 Sev-
ral issues remain to be elucidated, however, to better
nderstand the benefits of chemoembolization in this
opulation. First is the issue of which is the best embo-
ization agent and chemotherapeutic drug, and how the
ntratumoral concentrations of the drug (and thus its
fficacy) can be increased. Second is the question of which
s the best treatment scheme for repeat treatment and
hether it should be undertaken at a fixed time or on
isease progression after initial response. Third is
hether there is an additive or synergistic effect between

rterial embolization and chemotherapy, and thus

Objective response

%

1 y 2 y

7 12% 43 0
9 42% 73 35

08 NA 70 45
07 NA 73 55

9 33% 27 NA
3 14% 9 NA
6 NA 0 NA
N

36
1
1

415
2
2

68
1
2

hether chemoembolization is better than embolization
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lone. And finally, whether the modest survival advan-
ages already identified require further studies to increase
he strength of the evidence.

able 4. Predictors of Survival in Patients With HCC Treated
Analysis

Author, journal (n)

rterial emboliation/chemoembolization
Mondazzi et al., Hepatology 199451 (n � 84)

GETCH, N Eng J Med 199614 (n � 96)

Bruix et al., Hepatology 199815 (n � 80)

Llovet et al., Lancet 200218 (n � 112)

Lo et al., Hepatology 200217 (n � 79)

rterial embolization and percutaneous ablation
Tanaka et al., Cancer 199852 (n � 83)

igure 3. Barcelona-Clinic Liver Cancer staging system and treatment
trategy. HCC, hepatocellular carcinoma; PST, performance status
est; PEI, percutaneous ethanol injection; RF, radiofrequency ablation.
eeprinted with permission.4
What Is the Best Embolization and
Chemotherapeutic Agent?

The issue of which is the best embolization agent
as been addressed in noncontrolled studies and in 1
CT. Noncontrolled studies have shown that vascular
cclusion with particles between 150 and 700 �m either
ith gelatin sponge or with polyvinyl alcohol provide
ood response rates. Smaller particles and gelatin sponge
owder may lead to biliary ischemic complications, and
re discouraged. A direct comparison using gelatin
ponge versus autologous blood clots was addressed in an
CT, with no significant differences in terms of vascular
cclusion and survival rates.54

Regarding the question of which is the most effective
hemotherapeutic agent, few RCTs have compared dif-
erent agents, thus precluding the opportunity to estab-
ish which is the best. One study suggested a better
esponse rate and survival with cisplatin compared with
oxorubicin,19 whereas another did not identify this
ifference.55 Furthermore, 2 studies20,28 discarded differ-

rterial Embolization/Chemoembolization, Multivariate

Variables P

Age �.01
Child-Pugh �.05
Serum bilirubin �.025
Tumor size �.001
Degree of lipiodol labelling �.01

Karnofsky score .004
Ascites �.001
Serum albumin .004
Tumor type .02
Tumor mass �.001
Segmental portal obstruction �.001
Serum AFP .009

Performance Status test .005
Serum bilirubin .05

Baseline variables (n � 112)
Treatment allocation .02

Inclusion of treatment
response (n � 102)

Treatment response .0007
Constitutional syndrome .04

Treatment allocation .006
Portal vein thrombosis .004

Child-Pugh �.001
Tumor diameter .003
by A
nces between epirubicin versus doxorubicin in terms of
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esponse rate and survival, but others suggested that
oxorubicin was superior in selected candidates.30

Tissue concentrations of drug delivered through a
atheter placed in the hepatic artery have been scarcely
tudied. The concentration of doxorubicin or cisplatinum
n the tumor tissue has been shown to be at least 10
imes higher than that in the nontumoral tissue.40,41,56

urther studies are needed to determine whether there
re better carriers able to deliver drugs locally at higher
oncentrations and across a longer time period. There are
o prospective studies comparing different treatment
chemes, and thus no answer can be given in that regard.

Is Chemoembolization Superior to
Embolization Alone?

Both arterial embolization and arterial chemo-
herapy or lipiodolization provide substantial antitu-
oral effects by themselves (Table 2). Chemoemboliza-

ion attempts to achieve a benefit through its dual
mpact, but the evidence of an additive or synergic
ntitumoral effect is still not available. Response rates
fter chemoembolization are similar to those obtained by
echanical occlusion alone. In addition, it could be

rgued that the ischemic insult reduces cell division and
NA synthesis, which is the main target for chemother-

py. It could also be suggested that ischemia and che-
otherapy induce the death of malignant hepatocytes

hat retain their differentiation, whereas those poorly
ifferentiated would tolerate prolonged periods of isch-
mia57 and be insensitive to chemotherapy because of
53 inactivation.58 This would leave alive the most
ggressive part of the tumor, which simultaneously
ould be the most important determinant of the pa-

ient’s outcome. However, cytotoxic agents, ie, doxoru-
icin, are expelled from tumor cells because of the action
f the transmembrane pump P-glycoprotein, the product
f the multidrug resistance gene,59 and tissue hypoxia
ay inhibit the active efflux of the drug.60

Survival benefits have been identified with chemoem-
olization (doxorubicin or cisplatin) as compared with
ontrols, but not with embolization alone. However,
hese results should be viewed with caution because of
he small sample size of the studies.11 Studies directly
omparing embolization and chemoembolization do not
rovide evidence of survival advantages favoring chemo-
mbolization.20,25 All of these issues need to be clarified
n further RCTs comparing 2 active therapies. Similarly,
he way chemotherapy is combined with embolization
ay need to be re-evaluated. Systemic chemotherapy for

olid tumors is given at intervals of 3 weeks or less to
educe the chance of tumor repopulation, and it is un-

ikely that delivering a single dose of chemotherapy once
very 2 to 3 months or more is optimum. However,
schemia-induced liver failure may be a concern for re-
eated embolization treatments in short periods of time.
he 2 positive RCTs applied an active re-treatment

chedule with 2.9–4.8 treatments per patient within the
rst year.17,18 This schedule may be tolerated by patients
ith preserved liver function, in which the potential
enefit is not offset by treatment-induced liver failure.

What Is the Robustness of the Evidence on
the Benefits of Chemoembolization?

Only 7 RCTs exploring embolization and includ-
ng an untreated arm have been conducted among pa-
ients with HCC in the past 25 years, 5 in Europe and 2
n Asia.12–18 This may imply a relevant heterogeneity of
he population studied and affect the robustness of the
vidence.

Heterogeneity among the target population according
o inclusion criteria and treatment used may become a
ignificant issue. French studies13,14,16 include mostly
atients with alcohol-induced cirrhosis, those from the
arcelona group15,18 include patients with HCV-induced
irrhosis, and Asian studies12,17 include patients with
BV-induced cirrhosis. Whether the outcome may vary

ccording to the etiology of the disease, particularly in
ctive alcoholic patients with alcohol-induced extrahe-
atic disease, is not clearly known. Other concerns refer
o the heterogeneity in tumor staging because the control
ate (survival of the control arm) was clearly lower in
sian trials.12,16 The strength of the evidence at this time
oint is modest, because only 545 patients have been
andomized, a figure quite low compared with data from
ther cancers. In this sense, we encourage the publication
f all unpublished studies or ongoing trials, although
ew evidence coming from megatrials that include more
han 1000 patients as well as an untreated control arm
re not expected in this field, and may nowadays be
nfeasible.
These comments underscore the fact that there are

everal aspects of transarterial embolization that require
ctive research to further refine the activity of this oth-
rwise-already-effective therapy. The refinement of the
election of patients for treatment, the development of
ew obstructing agents and better chemotherapeutic
rugs, and the sequential application of different thera-
eutic tools should finally enhance the present knowl-
dge, permitting the opportunity of tailoring treatment
o each individual patient.
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