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Summary

Background: Although transarterial chemoembolization (TACE) improves survival in patients
with hepatocellular carcinoma (HCC), it is not known if TACE combined with other treatments
is beneficial. Aim: To evaluate the evidence for improved outcomes in HCC with a multimodal
treatment approach involving TACE.
Method: PubMed search for all cohort and randomized trials (n = 84) evaluating TACE combined
with other therapies; meta-analysis performed where appropriate.
Results: A meta-analysis involving 4 RCTs showed a significant decrease in mortality favouring
combination treatment (TACE plus percutaneous ablation) compared to monotherapy in
patients with either small (<3 cm) or large HCC nodules (>3 cm) (OR, 0.534; 95% CI,
0.288–0.990; p = 0.046). TACE combined with local radiotherapy improved survival in patients
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with tumour thrombosis of the portal vein in 7 non-randomized studies. Two RCTs and 13
non-randomized studies showed that TACE prior to hepatic resection does not improve survival
nor tumour recurrence. Conversely, 2 RCTs and 5 comparative studies showed that transarte-
rial injection of chemotherapeutic drugs mixed with lipiodol (TOCE) following hepatectomy
confers survival benefit and less tumour recurrence. TACE before liver transplantation is safe
and reduces drop-out rate from the waiting list, but there is no current evidence of improve-
ment in subsequent survival or recurrence rate.
Conclusions: A combined approach involving TACE and percutaneous ablation improves sur-
vival. Adjuvant TOCE improves outcome after hepatectomy. TACE is useful to control tumours
burden while on the waiting list for OLT. Multimodal treatment seems to be the best way to
optimize TACE outcomes in HCC.

�c 2006 Elsevier Ltd. All rights reserved.
Introduction
Liver cancer is the fifth most common cancer in the world
and its incidence is increasing worldwide. In 80% of cases
hepatocellular carcinoma (HCC) is a complication of cirrho-
sis and is the main cause of death among these patients in
Europe.1

Consensus about a common treatment strategy for pa-
tients with HCC has not been reached worldwide, even if
several proposals have been published. The most recent
one is the Barcelona-Clinic Liver Cancer (BCLC) staging clas-
sification and treatment schedule.1 Since radical therapies,
including resection, liver transplantation and percutaneous
ablation (percutaneous ethanol injection (PEI) and radiofre-
quency (RF)), are applicable in only 30–40% of patients with
HCC1 according to this algorithm, the majority need differ-
ent approaches.

Several alternative therapeutic strategies have been pro-
posed but only chemoembolization has been shown to im-
prove survival.2 Although this procedure is becoming more
common in clinical practice, there is no consensus about
the optimal schedule or technique of embolization.3

In particular, the role of transarterial chemoemboliza-
tion (TACE) either compared to other therapies or combined
with other therapies has not been subject to guidelines or
been part of therapeutic algorithms. Therefore, the aim
of this review is to evaluate the evidence for improved out-
comes with TACE added to other therapies for HCC.
Search strategy and selection criteria

Studies were identified by searching Medline using the fol-
lowing key words: ‘‘hepatocellular carcinoma’’ or ‘‘HCC’’
or ‘‘hepatic tumour’’ or ‘‘liver tumour’’ or ‘‘hepatic can-
cer’’ or ‘‘liver cancer’’ and ‘‘TACE’’ or ‘‘TAE’’ or ‘‘chemo-
embolization’’ or ‘‘embolization’’ and ‘‘clinical trials’’ in
English and non-English language. We also manually
searched general reviews on HCC and references from pub-
lished clinical trials.

Articles were excluded if they dealt with liver metasta-
ses, recurrence of HCC after hepatectomy, if they did not
relate to a therapeutic intervention (e.g. comparison of
diagnostic methods), or if they did not report sufficient data
(see list below).

Following these exclusions we evaluated 84 articles pub-
lished between 1989 and December 2005; among these, 11
dealt with chemoembolization alone compared to other
treatments and the remaining 73 with chemoembolization
combined with other therapies.

In each study, we extracted the following information
using a structured proforma:

� Country of origin, duration of study and number of
patients.
� Patient characteristics, aetiology and severity of the
underlying liver disease and tumour extent.
� Transarterial method used: use of anticancer drugs and
lipiodol, their dosage and delivery, embolization
method, schedule, mean number of courses and selectiv-
ity of embolization, hospital stay and periprocedural care
(e.g. utilization of antibiotics as prophylaxis).
� Outcomes: survival, tumour response (WHO Criteria) and
complications.

Meta-analysis was performed when there were sufficient
randomized studies to evaluate.
Management of patients with HCC

Chemoembolization as sole therapy versus other
therapies

There were 11 studies involving 5131 patients comparing
TACE to other treatments: radiofrequency ablation (n = 1),
percutaneous acetic acid injection (PAI) (n = 1), percutane-
ous ethanol injection (n = 1) 131iodine-lipiodol radiotherapy
(n = 2), liver resection (n = 5) and transplantation (n = 1).

The median number of patients in each study was 117
(range: 39–3225). Two were RCTs4,5 and three were multi-
center;6–8 the mean duration of each study was 4 ± 1.5
years. Six were conducted in Asia (3 Japanese, 1 Chinese
and 2 Taiwanese), 4 in Europe (1 French, 1 Italian, 1 English
and 1 German) and 1 from the USA. Results from these trials
support the algorithm in the BCLC treatment schedule, in
which chemoembolization is indicated in patients with Child
A or B cirrhosis and with more than 3 HCC nodules (Table 1).

A large retrospective multicenter study of 3225 Japanese
patients8 compared groups with equivalent baseline progno-
sis who had been subjected to liver resection (n = 1656),
TAE (n = 1067), PEI (n = 302), radiotherapy (n = 14) or chemo-
therapy (n = 186). In patients with Stage I disease (clinical



Table 1 Chemoembolization compared to other therapies

Article RCT Arms No. of
patients

Tumour extent Survival rate (%) Statistics

1 year 2 year 3 year 5 year

Ryu (1997) No HP 1656 na 62.2 41.3 HP versus PEI: ns
PEI 302 na 69.3 46.1 TAE worse than HP/PEI (p < 0.01)
TAE 1067 na 25.6 9.4 TAE better than chemo/RT
Chemotherapy 186 na 6.8 4.5
RT 14 na 7.1 0

Rose (1998) No HP 22 na 69 52 43 OLT and HP better (if possible!!!)
TACE 40 na 35 20 11
Chemotherapy 16 na 30 15
OLT 8 na 87 87 58
Control 31 na 6.4

Hasse (1996) Yes TACE 20 pT3 or pT4 50.1 35.4 ns
HP 19 pT3 or pT4 31.6 14.2

Ohnishi (1987) No HP 34 <50 mm 75.5 62.1 46.2 Child A: better HP
Chemotherapy 25 <50 mm 31.6 18.3 12.2 Child B: better TACE
TACE 20 <50 mm 68.8 60.7 45.5 Child C: ns
Control 17 <50 mm 43.9 12.8 0

Kanematsu (1993) No HP 67 37 mm 89.6 79.1 74.6 54.6 Better HP (p < 0.05)
TACE 20 41 mm 90 60 50 17.5

Dalla Palma (1997) No PEI (uni) 215 all n = 1 <50 mm 92 72 72 PEI better
TACE (uni) n = 1 <50 mm 84 72 52
PEI (multi) n = 2–3 74 52 28
TACE (multi) n = 2–3 81 70 50 TACE better if n = 3
TACE (n > 3) n > 3 86 45 30 TACE better
Control/tamoxifene (n > 3) n > 3 50 30 20 (Only first 2 yrs)

Huo (2004) No TACE 195 <60 mm 90 58 27 ns
PAI 115 <60 mm 91 54 20 TACE better in large (3–6 cm) HCC

Raoul (1997) Yes 131I-Lp 65 na 38.5 21.8 13.6 ns
TACE 64 na 42.2 22.1 2.8 131I-Lp less side effects

Bhattacharya (1995) No TOCE 69 na 25 6 ns
131I-Lp 26 na 25 0

Hsieh (2004) No TACE 40 Child B/C 90 57 Lps RF better (p = 0.003)
Laparoscopic RF 20 Child B/C 96 70
Control 40 Child B/C 63 20

Huang (2004) No HP 599 Uni 75%; 57 mm 79 66 57 44 HP best (p = 0.0001)
TAE/TACE 157 Uni 66%; 47 mm 71 52 38 26
Control 62 Uni 73%; 55 mm 56 32 21 4
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stage according to the Liver Cancer Study Group in Japan9),
who had63 tumours all630 mm in size, survival after resec-
tion and PEI did not differ, while survival after TAEwas signif-
icantly worse. In patients with Stage I disease with tumours
>30 mm, whatever the number of tumours, survival was bet-
ter following resection than TAE. In patients with Stage II dis-
ease with 63 tumours all 630 mm in size PEI had the best
survival compared to either surgery or TAE. In patients with
Stage II disease with 63 tumours, some >30 mm in size, who
underwent resection had a better survival than those who
underwent TAE; while in patients with Stage II disease with
>3 tumours there was no significant difference in patient sur-
vival between resection and TAE. There was no data reported
about survival in patients with Stage III disease.

Therefore, this study suggests chemoembolization should
be used for multinodular (>3 nodules) HCC, only if Stage II
disease. In Stage I disease, even if HCC is multinodular (>3
nodules), resection achieved a better survival than TAE, in
contrast to BCLC treatment schedule recommendations.

Therapies, not considered in the BCLC treatment sche-
dule, that seem to be a promising alternative to chemoemb-
olization in selected patients are 131iodine radiotherapy and
laparoscopic radiofrequency ablation. In particular, a RCT5

showed that transarterial 131I-labeled lipiodol (n = 65) was
as effective as TACE (n = 64) with a similar survival rate at
1 (38.5% versus 42.2%), 2 (21.8% versus 22.1%) and 3 years
(13.6% versus 2.8%) but was better tolerated by patients
with fewer side effects: both liver failure and gastrointesti-
nal bleeding after treatment were less frequent as com-
pared to TACE. Similar results were obtained with 131

iodine radiotherapy compared to trans-oil chemoemboliza-
tion (TOCE) in a non-randomized study.10 Another
non-randomized study11 showed that laparoscopic radiofre-
quency ablation (n = 20) resulted in better survival and few-
er complications than TACE (n = 40) in patients with
decompensated liver cirrhosis (Child B or C).
Chemoembolization as an adjuvant or neo-adjuvant
therapy

There were 73 studies dealing with chemoembolization
combined with other treatments for HCC: 15 (1688 patients)
evaluated TACE combined with percutaneous ethanol injec-
tion (PEI) (3 RCTs), 1 (108 patients) evaluated TACE com-
bined with PAI, 7 (299 patients) evaluated TACE combined
with radiofrequency (RF) ablation (1 RCT), 7 (586 patients)
evaluated TACE combined with local radiotherapy (RT), 15
(1336 patients) evaluated TACE prior to hepatic resection
(2 RCTs), 7 (986 patients) evaluated TOCE after hepatec-
tomy (2 RCTs) and 10 (1807 patients) evaluated TACE prior
to liver transplantation.

TACE + PEI
Percutaneous ethanol injection (PEI) can be a curative ther-
apy for small HCC (<30 mm); the purpose of using TACE prior
to PEI is either to reduce the size of larger tumours in order
to subsequently apply percutaneous treatment or to com-
bine the necrotizing effects of both procedures in order to
achieve a more complete tumour necrosis (Table 2).

A RCT by Koda et al.12 demonstrated a significant de-
crease in recurrence rate in small HCC using TACE followed
by PEI (n = 26) versus PEI alone (n = 26) but there was no sig-
nificant improvement in survival. A comparative study13 in
patients with small HCC showed there was a similar de-
crease in recurrence rate using TACE plus PEI (n = 32) com-
pared to TACE alone (n = 37), but again no advantage in
survival.

Because of the enhanced ethanol diffusion secondary to
necrotic changes produced by TACE, PEI combined with
TACE could theoretically also achieve good results in larger
HCC (>30 mm) as first suggested by Tanaka et al.14 In two
RCTs,15,16 TACE prior to PEI (n = 53) achieved a significant
improvement in disease-free survival in patients with large
HCC (3–8 cm) compared to TACE alone (n = 52), but again
the survival rate was similar. The most recent of these
RCTs16 resulted in a survival benefit of the combination
treatment versus monotherapy TACE in a subgroup of pa-
tients with HCC Okuda Stage I. Six comparative studies
showed a significant increase in survival with TACE per-
formed before PEI (n = 366) compared to TACE alone
(n = 682) in large HCC nodules (>20–30 mm).

Another comparative study,17 evaluated large and small
HCC together (n = 87) and showed increased survival with
TACE performed 10 days before PEI (n = 39) compared to
either treatment alone (TACE: n = 33; PEI: n = 15). Consider-
ing all the RCTs and the comparative studies and also 4 co-
hort studies (n = 203) using the combination therapy
TACE + PEI, the mean survival rates at 1, 2, 3 and 5 year
in large HCC (largest diameter >20–30 mm) were 83 ± 17%,
66 ± 20%, 55 ± 24% and 37 ± 9%, respectively.

A RCT18 comparing transarterial embolization (TAE) per-
formed before percutaneous tumour ablation (PEI or RF)
(n = 22) versus percutaneous ablation alone (n = 20), in
uninodular HCC less than 50 mm diameter, showed no sig-
nificant difference in either survival or HCC recurrence
rate. However, when the authors considered only the
group of patients in which PEI was combined to TAE
(n = 12) versus PEI alone (n = 14), even if the HCC was
small in size, there was a significant increase (p = 0.043)
in disease-free survival in the TAE + PEI group. The com-
bined treatment seems to result in more benefit when
chemoembolization is performed before PEI, than before
RF ablation. Further trials assessing this issue should be
performed.
TACE + PAI
A comparative study19 showed significantly better survival
with TACE used before acetic acid injection (PAI) (n = 53)
compared to PAI alone (n = 55) in uninoduar HCC <5 cm.
The survival rate at 1 and 3 year for the combination ther-
apy was 100% and 69%, respectvely, compared to 96% and
32%, respectvely, for PAI alone; the objective response
was 90% for the combination therapy versus 82% for PAI
alone.
TACE + RF ablation
TACE can be used combined with radiofrequency (RF).
Radiofrequency ablation is most often used to treat small
lesions measuring 3–4 cm in diameter. As tumour size in-
creases, the therapeutic response decreases due to the lim-
ited size of the coagulation necrosis induced by the
activation of the RF system. Blood flow promotes heat loss



Table 2 TACE combined with PEI

Article RCT Arms No. of
patients

Single
(%)

Size
(mm)

No. of
TACE

Survival rate (%) Statistics Recurrence rate (%) Statistics

1
year

2
year

3
year

5
year

1
year

2
year

3
year

5
year

Koda (2001) Yes TACE + PEI 26 61.5 <30 100 94.4 80.8 40.4 ns 8.7 19.3 p = 0.057
PEI 26 57.7 91.3 81.6 65.9 37.7 26.9 80.1

Kamada (2002) No TACE + PEI 32 56 <30 1 90 65 50 ns 42 69 84 p < 0.01
TACE 37 57 2.9 86 44 22 65 92

Bartolozzi (1995) Yes TACE + PEI 26 69 48 1 100 86.7 72.2 ns 15.4 35.6 48.4 p < 0.05
TACE 27 52 51 Multiple 92.6 69.7 43.4 51.9 64.1 70.1

Becker (2005) Yes TACE + PEI 27 48 >50: 63% 61.5 38.7 ns
TACE 25 36 >50: 68% 62.9 18 p = 0.04

(Okuda I)
Tanaka (1992) No TACE + PEI 15 100 >30 100 85 85 p < 0.01

TACE 15 100 >30 68 37 0
Yamamoto (1997) No TACE + PEI 50 >20 95 72.5 50 p

TACE 50 >20 92.5 57.5 20
Allgaier (1998) No PEI 15 93 >50: 27% 70 0

33 21 >50: 61% 2.6 44 0
39 38 >50: 64% 2.9 78 56 p = 0.001
45 44 >50: 62% 15 0

Yasuda (1999) No TAE + PEI 58 54.6
TAE + PEI + RF 44 81.1

Lubienski (2004) No TACE + PEI 22 Large 55 39 22 p = 0.002
TACE 28 Large 21 4 4

Chen (2004) No TOCE + PEI 179 96 (20–150) 80.5 58.6 29.6 p < 0.01
TOCE 496 96 (20–150) 68.5 27.8 7.2

Greten (2005) No TACE + PEI 52 92 16
TACE 49 54 29
PEI 69 49 21

Hasuike (1992) No TACE + PEI 10 80
Kato (1994) No TACE + PEI 24 >30 87 65.2
Bartolozzi (1997) No TACE + PEI 86 53 92 83 69 47
Tanaka (1998) No TACE + PEI 83 66 >30 100 68 35
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so that reducing or eliminating blood flow during RF proce-
dures increases the volume of ablation. Therefore, it seems
to be reasonable to perform RF ablation after blocking the
hepatic artery blood flow supplying the tumour; since this
can be achieved by either using a balloon catheter or inject-
ing embolizing agents,20 performing TACE before RF could
be beneficial.

Four cohort studies21–24 involving 142 patients have
shown that performing TACE prior to RF ablation is a feasi-
ble, safe, and useful treatment method that can achieve
good therapeutic results in compensated cirrhotics (Child
A or B) with small HCC nodules (20–50 mm). In this select
group of patients the mean overall survival rate at 1 and 2
year was 97 ± 6% and 81 ± 20%, respectively, and the mean
objective response (WHO criteria) was 93 ± 10%. One study24

reported 2 major complications in 46 patients undergoing
TACE + RF (6.5%): one hepatic failure and one death of un-
known origin, the day after the procedure, both in Child C
patients.

A prospective study by Koda et al.25 did not report any
significant difference in complication rate after RF ablation
comparing TACE before RF (n = 28) versus RF alone (n = 25);
the complication rate was 20.7% and 20.0%, respectively
(especially ascites).
Meta-analysis: combination therapy
(TACE + percutaneous ablation) versus monotherapy
We performed a meta-analysis with 4 RCTs12,15,16,18 (199 pa-
tients) comparing combination therapy (TACE plus PEI in 3
RCTs12,15,16 and TACE plus percutaneous ablation (PEI or
RF) in 1 RCT18) versus monotherapy (TACE alone in 2
RCTs,15,16 PEI alone in 1 RCT12 and PEI or RF alone in another
RCT18), with respect to survival using the number of pa-
tients reported as dead at the end of follow-up (see Fig. 1).

One RCT12 involved only patients with small HCC (size of
main nodule <30 mm), two RCTs15,16 involved patients with
main nodule size of HCC between 30 and 80 mm and another
RCT18 involved only uninodular HCC with largest diameter
between 20 and 50 mm.

Our meta-analysis showed a significant decrease in mor-
tality favouring combination treatment (TACE plus percuta-
neous ablation) compared to monotherapy (TACE alone or
percutaneous ablation alone) (OR, 0.534; 95% CI, 0.288–
Figure 1 Meta-analysis of 4 RCTs (199 patients) comparing co
monotherapy (either TACE or percutaneous ablation) using the num
0.990; p = 0.046). Due to the limited number of trials and
patients there are wide confidence intervals, but all trials
show the combined approach to be better than mono-
therapy alone.

Theoretically, TACE can decrease tumour resistance to
perfusion with ethanol and can disrupt any intratumoral
septa as a result of induced tumour necrosis,26 hence, facil-
itating ethanol diffusion into the lesion. In addition, embo-
lization may reduce ethanol wash out of the tumour
enhancing its toxic effect. Furthermore, the embolization
of the blood vessels feeding the tumour by TACE has been
shown to reduce heat loss and, therefore, increase the vol-
ume of ablation during RF.20 Further RCTs assessing the ef-
fect of combined therapy with TACE are required.
TACE + radiotherapy
Patients with HCC and tumour thrombosis of the main trunk
of the portal vein have been considered poor candidates for
TACE because of the risk of necrosis of the non-cancerous
portion of the liver and risk of worsening hepatic function.
The combination of local radiotherapy, which has been re-
ported to have some effect, not only on the main tumour
but also on the tumourous thrombosis of the portal vein, to-
gether with selective TACE is a reasonable approach in
these cases.

We found 7 studies,27–30 all from Asia, involving 586 pa-
tients which used local radiotherapy combined with TACE.
Two retrospective comparative studies (n = 276) showed a
significant increase in survival of TACE + RT compared with
TACE alone. Considering all the 7 studies (2 comparative
studies and 5 cohort studies), which included only patients
with Child A or B cirrhosis with large HCC nodules (median
tumour size = 85 mm) and presence of PVT in a median of
66% of the patients, the mean survival rate at 1, 2 and 3
years was: 62 ± 25%, 30 ± 17% and 21 ± 7%, respectively.
Median survival time was 15 months and the mean objective
response (WHO criteria) was 69 ± 17%.

There were 2 treatment-related deaths (within 30 days)
due to acute liver failure and gastro-intestinal bleeding.
These are reasonable outcomes keeping in mind that these
are difficult and complicated patients. RCTs assessing the
efficacy and safety of this combined treatment in patients
with PVT are needed.
mbination therapy (TACE plus percutaneous ablation) versus
ber of patients reported as dead at the end of follow-up.



Table 3 Neoadjuvant chemoembolizaton + hepatectomy versus hepatectomy alone

Articles RCTs Arms No. of
patients

Single
(%)

Size
(mm)

Survival rate (%) Statistics Disease-free survival

1 year 2 year 3 year 5 year

Wu (1995) Yes TACE + HP 24 73 143 74 42 38 32 Worse (large HCC) ns
HP 28 78 145 96 80 60 60

Yamasaki (1996) Yes TACE + HP 50 31 90 86 80 63 ns ns
HP 47 33 87 81 77 62

Lu (1999) No TOCE + HP (size: 2–8 cm) 24 43 87 42 35 ns ns
HP (size: 2–8 cm) 57 46 91 61 37
TOCE + HP (size: >8 cm) 20 107 90 53 42 Better (p = 0.01) Better (p = 0.06)
HP (size: >8 cm) 19 106 72 33 11

Paye (1998) No TACE + HP 24 62 78 88 70 67 ns ns
HP 24 75 73 70 68 62

Gerunda (2000) No TACE + HP 20 37 85 43 ns Better (p < 0.02)
HP 20 41 71 38

Di Carlo (1998) No TACE + HP 55 <50 87 70 39 Better (p < 0.02) Better (p < 0.05)
HP 45 <50 79 38 19

Harada (1996) No TACE + HP 98 61 90.8 84 78 ns ns
HP 33 63 97 88 67

Uchida (1996) No TOCE + HP 60 82 37 88.3 75 61 24 Worse (p < 0.05) ns
HP 68 74 44 82 72 72 63

Majno (1997) No TACE + HP 49 80 50 63.3 42.9 32.7 ns Better
HP 27 70 40 63 37 22.2

Adachi (1993) No TACE + HP 46 100 26 ns
HP 26 100 21

Nagasue (1989) No TACE + HP 31 71 74 61 32 ns ns
HP 107 63 77 57 45

Imaoka (1989) No TACE + HP 51 <100 ns
HP 52 <100

Lygidakis (1996) No TACE + HP + immunotp 49 85 54 42 42 Better
HP 42 57 15 15 15

Zhang (2000) No TOCE + HP 120 Time: 90.1 months
Cheng (2000) No Lipiodol + OH + HP 20 90 95
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TACE before hepatic resection
Two RCTs and 11 comparative and 2 cohort studies have
evaluated the effect of TACE performed before hepatic
resection (Table 3). One RCT31 comparing the combination
of TACE with hepatectomy (n = 50) versus hepatectomy
alone (n = 47) for HCC 65 cm did not show any significant
difference either in mortality or recurrence rate after sur-
gery. The other RCT32 in patients with large HCC (diameter
P10 cm) demonstrated that TACE prior to hepatectomy
(n = 24) resulted in worse survival than hepatectomy alone
(n = 28) as it increased operative difficulties and delayed
the surgery (no significant difference in disease-free sur-
vival). The authors concluded that neoajuvant TACE should
be avoided in this group.

Moreover, a comparative study33 demonstrated a re-
duced survival in patients who received TOCE before
undergoing hepatectomy (n = 60) compared to patients
receiving hepatectomy alone (n = 68) with no significant
difference in disease-free survival. Conversely, a retro-
spective study34 in 120 patients showed an increase in
survival in patients with HCC 8 cm or more in diameter
when TACE was combined with hepatectomy compared
to surgery alone. However, no significant difference was
shown in smaller HCC (2–8 cm diameter). In addition, a
prospective study35 in 110 patients showed a significantly
better survival with TACE prior to hepatectomy in HCC
65 cm.

Further studies36–42 comprising 608 patients showed no
significant difference in both overall survival rate and dis-
ease-free survival rate. Only a non-randomized study43 com-
paring resection alone versus resection plus pre-operative
TACE and targeted post-operative locoregional immuno-
chemotherapy showed a significant improvement in survival
with the combined treatment. The mean survival rate at 1,
2, 3 and 5 year achieved with neoadjuvant TACE and hepatic
resection was 82 ± 11%, 63 ± 21%, 47 ± 19% and 39 ± 17%,
respectively.

Our review of 13 studies (2 RCTs and 11 non-randomized
comparative trials) evaluating pre-operative TACE, adding 4
studies to the studies considered by Mathurin et al.,44 con-
firms the same result: there is no evidence of a significant
improvement in survival when chemoembolization is used
before hepatic resection and neither does it reduce recur-
rence rates.

Adjuvant TACE following hepatic resection
Hepatic resection can be a curative treatment for HCC even
if tumour recurrence complicates 70% of cases at 5 years
(combining true recurrence and de novo tumours). The pur-
pose of post-operative chemoembolization is to eliminate
any shed tumour cells potentially released by surgical
manipulation of the liver and also to destroy small intrahe-
patic metastases that may not have been detected during
surgery. Since the damage to liver parenchyma caused by
hepatic resection is not fully repaired in the post-operative
period, especially in cirrhotic livers, chemoembolization
using gelatin sponge has not been utilized as it could con-
tribute to hepatic insufficiency. Transarterial-oil chemo-
embolization (TOCE) or Lipiodolization (hepatic arterial
injection of chemotherapeutic drugs mixed with lipiodol)
has therefore been used in these cases, which is known
not to result in massive necrosis.
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There are two RCTs and five non-randomized studies
comparing hepatectomy alone with hepatectomy and adju-
vant TOCE (Table 4). One RCT45 resulted in increased sur-
vival and disease-free survival using TOCE after
hepatectomy (n = 47) compared to hepatectomy alone
(n = 47). The other RCT46 had a reduced recurrence rate
(the 1-, 2-, 3- and 4-year disease-free survival rates were
64.5%, 54.9%, 32% and 25.6%, respectively, for adjuvant
TOCE and 43%, 22%, 11.7% and 5.9%, respectively, for hep-
atectomy alone; p < 0.05) but no benefit was seen concern-
ing overall survival.

Four comparative studies47–50 again showed a significant
improvement, or a strong trend in one study47 (p = 0.086),
with adjuvant TOCE (n = 150) versus liver resection alone
(n = 143) for both disease-free survival and overall survival.
Another recent retrospective comparative study51 (549 pa-
tients) reported a statistically significant difference
(p = 0.02) in survival with TOCE prior to resection but only
in patients with risk factors for residual tumour (52.3% of to-
tal patients) which were tumours with a diameter more than
5 cm, multiple nodules and vascular invasion.

In our series of 7 studies (986 patients), the mean dis-
ease-free survival rate at 1 and 3 years in patients receiving
post-operative adjuvant TOCE was 84 ± 14%, 62 ± 25%,
respectively, compared to 40 ± 19%, 26 ± 18%, respectively,
in patients receiving only hepatectomy. Moreover, the mean
survival rate of patients having TOCE after hepatic resection
at 1, 2, 3 and 5 years was 96 ± 5%, 88 ± 11%, 76 ± 14% and
52 ± 2%, respectively, compared to 86 ± 9%, 74 ± 21%,
64 ± 19% and 43 ± 17%, respectively, in patients having only
hepatic resection; the median survival time in adjuvant
TOCE group was 29.5 months (range: 10–49 months) with
a gain of 5 months with respect to the median survival rate
of the group undergoing only hepatectomy.

The meta-analysis of Mathurin et al.,44 involving 4 RCTs
(the 2 RCTs45,46 above and 2 other RCTs performing
post-operative transarterial 131I-lipiodol and transarterial
chemotherapy – without lipiodol) and 3 non-randomized tri-
als,47,49,50 showed a significant improvement in both sur-
vival and in the cumulative probability of tumour-free
survival.

Our review, adding another two recent studies,48,51

shows similar benefit of adjuvant TOCE in prolonging sur-
vival after hepatectomy. In addition, there may be a partic-
ular advantage in using adjuvant TOCE in patients with high
risk HCC (>5 cm, multiple and vascular invasion), where
there is increased risk of post-operative recurrence.

Two other meta-analyses performed by Mathurin et al.,44

the first including one RCT (67 patients) and one non-
randomized trial (31 patients) evaluating post-operative
systemic therapy (oral 5-FU) and the second considering 3
RCTs evaluating a post-operative combination of systemic
and transarterial chemotherapy cycles of IV epirubi-
cin + oral 5-FU and 1 session of TA epirubicin (n = 56); cycles
of IV epirubicin and 3 sessions of TA cisplatin (n = 66); 1 ses-
sion of TA epirubicin and oral 5-FU (n = 88), showed that
none of these approaches significantly improved survival
after hepatic resection in patients with HCC, so that the
transarterial route appears to be important.

At present, given these data, only post-operative TOCE
and not systemic chemotherapy should be performed in
clinical practice. In addition, a prospective randomised



Treatment outcomes for hepatocellular carcinoma using chemoembolization in combination with other therapies 603
trial52 and a retrospective study53 have also demonstrated a
benefit in disease-free and overall survival using intra-arte-
rial 131iodine-lipiodol after curative resection compared to
resection alone. New RCTs should be performed to better
assess the outcome of post-operative intra-arterial treat-
ment (TOCE, TACE and 131iodine-lipiodol).

TACE before liver transplantation
Orthotopic liver transplantation (OLT) has been shown to be
the best treatment for early-stage HCC. Patients with one
nodule smaller than 5 cm or up to three nodules smaller
than 3 cm (Milan Criteria) achieve a 70% survival at 5 years
after OLT with a recurrence rate lower than 15%.54 Because
of the shortage of donors and a steadily increasing waiting
time for transplantation, tumour progression while waiting
on the list, and the consequent increasing drop-out rate
(up to 20–50% if the waiting time exceeds 12 months1) have
become an important problem.

We considered 5 comparative studies involving 1600 pa-
tients and five cohort studies involving 197 patients assessing
the role of TACE prior to OLT (Table 5). Four studies,40,55–57

involving patients with one single HCC nodule smaller than
5 cm or three nodules smaller than 3 cm (Milan Criteria),
did not show any significant difference in either disease-free
survival or overall survival between TACE before OLT
(n = 193) versus OLT alone (n = 206). In particular, Majno
et al.40 showed that preoperative TACE (an average of 2 ses-
sions) induced significant downstaging (50% reduction of the
maximum diameter of the tumour) of tumours >3 cm in 52%,
and complete tumour necrosis in 26% as assessed at explant.
The presence of these 2 factors was associated with a better
disease-free survival, similar to that of patients with smaller
tumours (63 cm). Therefore, these authors suggested that
TACE before liver transplantation should be used in patients
with large HCC (>3 cm) and response to treatment should be
regarded as a strong argument to proceed to liver transplan-
tation. Moreover, Majno et al.40 did not find any difference in
either post-OLT morbidity (arterial and biliary complica-
tions) or mortality in patients receiving TACE.

Perez et al.57 confirmed that there were no differences
in post-operative complications with or without TACE, with
no cases of hepatic artery thrombosis in either group. Con-
versely, Oldhafer et al.56 reported a higher risk of develop-
ing immediate post-operative infective complications (3
Table 6 Histological assessment of response on explant

Article RCT Arms No. of
patient

Yamasaki (1996) Yes TACE + HP 50
Harada (1996) No TACE + HP 105
Paye (1998) No TACE + HP 24
Lu (1999) No TOCE + HP (size: 2–8 cm) 24

TOCE + HP (size: >8 cm) 20
Gerunda (2000) No TACE + HP 20
Majno (1997) No TACE + OLT 54
Oldhafer (1998) No TOCE + OLT 21
Decaens (2005) No TACE + OLT 100
Maddala (2004) No TACE + OLT 46
Wong (2004) No TACE + OLT 6
cases of fatal pneumonia versus none) in patients receiving
TACE before transplantation (2.4 mean number of session);
2 of the 3 cases of fatal pneumonia occurred in patients
undergoing OLT within 30 days from the last TACE. The
authors tried to explain the development of these severe
pneumonias by underlying the fact that TACE may temporar-
ily decrease the patient immune function. They suggested
that an interval of more than 4 weeks should pass between
the last TACE session and liver transplantation. Richard
et al.58 also showed no statistical difference in hepatic arte-
rial thrombosis or other hepatic artery complications after
OLT comparing patients treated with TACE pre-transplanta-
tion (n = 47) (1.5 mean number of session) or transplanta-
tion alone (n = 1154): 8% of patients in TACE group
developed hepatic arterial thrombosis after OLT versus 5%
in non-TACE group; 13% of patients developed other hepatic
arterial complications (pseudoaneurysm, stenosis or anasto-
motic disruption) after OLT in TACE group versus 6% in non-
TACE group.

Four cohort studies59–62 (154 patients) showed good re-
sults in terms of reduced recurrence and increased survival
in patients with HCC fulfilling Milan Criteria and receiving
pre-OLT TACE. In particular, in the study by Graziadei
et al.,59 49 patients (2.5 mean number of sessions) achieved
a survival rate of 94% at 5 years with a recurrence rate of
only 2%; no patient required removal from the waiting list
despite a mean waiting time of about 200 days.

Considering all 206 patients with HCC, fulfilling Milan
Criteria, undergoing TACE prior to OLT in the above stud-
ies (median number of TACE sessions: 2 (1–5) median
waiting time: 178 days (126–366)), the mean disease-free
survival rate at 1, 3 and 5 year was: 66 ± 8%, 48 ± 14%,
52 ± 13%, respectively, and mean overall survival rate at
1, 3 and 5 year was: 58 ± 14%, 44 ± 9%, 57 ± 16%, respec-
tively. Hence, chemoembolization can be used as a ‘‘hold-
ing therapy’’ in order to prevent tumour growth during the
waiting time. Moreover, there is no evidence that perform-
ing TACE prior to OLT may increase post-operative vascu-
lar complications.

Roayaie et al.63 performed pre-OLT TACE (1.5 mean
number of sessions) and post-operative systemic chemo-
therapy in 43 patients with HCC nodules more than 5 cm
diameter (outside Milan Criteria) achieving a disease-free
survival and overall survival at 5 years of 48% and 44%,
s
Single
(%)

Size
(mm)

No. of
TACE

Necrosis on explant (%)

Complete >50 Average

31 8 80 75
64 <50:69% 28
62 78 1.6 4 37

43 0 21
107 10 60
37 81

2 no 47 2 28
2.4 28 67

6 36 1 16 50
76 <30:54% 15 100

64
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respectively; patients with tumours measuring 5–7 cm had
significantly longer recurrence-free survival compared with
those with larger (>7 cm) tumours. Graziadei et al.59 per-
formed TACE (5.1 mean number of sessions) in 15 patients
with advanced HCC (outside Milan Criteria) waiting for
transplantation achieving a 5-year survival rate of 31% in
an intention-to-treat analysis and a 4-year survival rate of
41% considering only the 10 patients transplanted.

TACE used to downstage advanced HCC prior to liver
transplantation, in order to expand current selection crite-
ria, may seem a reasonable approach. However, it is likely
that it will result in a higher recurrence rate after OLT
and a reduced survival rate compared to patients with
early-stage tumour. This strategy does not seem promising
and lacks biological plausibility. In fact, Grasso et al., in a
retrospective study64 of 96 patients transplanted for HCC,
have shown that only the diameter of the largest nodule
pre-transplant predicted recurrence after LT, such that
the probability of no recurrence was associated with nod-
ules 63.5 cm on pre-operative imaging.

Histological assessment of response to TACE on explanted
or resected specimens
The amount of tumour necrosis determined by TACE was as-
sessed histologically on the explanted livers in 5 studies per-
forming pre-OLT TACE (227 patients) and on resected
specimens after hepatectomy in another 5 studies perform-
ing neoadjuvant TACE (243 patients) (Table 6).

Complete tumour necrosis was achieved in a median of
15% of treated nodules (range: 0–28%); tumour necrosis
more than 50% was achieved in a median of 60% of nodules
(21–100%). There was no correlation between the amount
of tumour necrosis induced by TACE and the size of nodule
treated. No study reported the presence of a correlation be-
tween the amount of tumour necrosis and the recurrence
rate.

Conclusion

Chemoembolization has been used in patients with HCC not
suitable for curative therapy according to the BCLC treat-
ment schedule. In this subset of selected patients it im-
proves survival compared to supportive treatment or
systemic chemotherapy.2 Currently, none of the therapeu-
tic algorithms used for HCC consider the role of TACE com-
bined with other therapies. The aim of our review was to
evaluate the evidence for improved outcomes in HCC with
a multimodal treatment approach involving TACE.

Four RCTs12,15,16,18 individually showed that combined
treatment with TACE and percutaneous ablation (PEI or
RF) in patients with either small (<3 cm) or large HCC nod-
ules (>3 cm) improved tumour-free survival compared to
monotherapy, but not overall survival. Our meta-analysis
involving these 4 RCTs showed a significant decrease in mor-
tality favouring combination treatment (TACE plus percuta-
neous ablation) compared to monotherapy (either TACE
alone or percutaneous ablation alone) (OR, 0.534; 95% CI,
0.288–0.990; p = 0.046).

Moreover, six non-randomized comparative studies
showed that TACE combined with PEI increased survival rate
in patients with large (>3 cm) HCC; in four cohort studies,
TACE has been shown to be useful and safe when performed
prior to RF ablation as it reduces blood flow and, therefore,
heat loss during the RF procedure. Therefore, we suggest
that a treatment regimen based on a combined intravascu-
lar and percutaneous (especially PEI) approach is the next
route to be pursued in order to improve the survival of pa-
tients with HCC not suitable for surgery. RCTs should be per-
formed to evaluate the real efficacy of this promising
multimodal treatment in this scenario.

A combined treatment involving TACE and local radio-
therapy has documented improved survival in patients with
tumour thrombosis of the portal vein in five cohort studies
and two comparative non-randomized studies (all from
Asia). These studies justify randomized studies to confirm
these observations.

A combined intra-arterial and surgical approach is effec-
tive only when transarterial therapy is used after hepatic
resection and not before resection. Our review, considering
the same 2 RCTs31,32 and 6 more studies (4 studies evaluat-
ing neo-adjuvant TACE and 2 studies evaluating adjuvant
TOCE) than in a previous review,44 showed that chemoemb-
olization prior to hepatic resection does not improve sur-
vival nor tumour recurrence. Conversely, our review of 7
studies showed that TOCE, which involves only hepatic in-
tra-arterial infusion and not embolization, following hepatic
resection confers survival benefit – median survival rate at
3 year in adjuvant TOCE group compared to hepatectomy
alone group was 75% versus 66% – and less recurrence –
median disease-free survival rate at 3 year was 65% versus
20%.

Several cohort studies have shown that chemoemboliza-
tion is a safe procedure when used before liver transplanta-
tion with the aim to delay or inhibit tumour progression
during the waiting time. It does not increase the risk of
post-OLT hepatic arterial thrombosis. However, five com-
parative non-randomized studies have failed to demon-
strate an improvement in either survival or recurrence
rates after transplantation using adjuvant TACE compared
to OLT alone. Hence, TACE can be safely performed prior
to liver transplantation in order to reduce the drop-out rate
from the waiting list. However, RCTs formally assessing the
efficacy of this procedure in improving patient survival post-
OLT are not available and should be performed. In addition,
there is no current evidence suggesting that the downstag-
ing of tumours, with respect to the Milan Criteria, reduces
the risk of tumour recurrence to that expected by selecting
patients within Milan Criteria, so that randomized studies of
downstaging are needed although difficult to perform and/
or results of downstaging compared to matched patients
and HCC transplanted within Milan Criteria.
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