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PURPOSE
We aimed to compare the overall (OS) and disease-free survival (DFS) of patients undergoing
orthotopic liver transplant (OLT) for hepatocellular carcinoma who did and did not have neoadjuvant doxorubicin drug-eluting bead transarterial chemoembolization (DEB-TACE).
METHODS
This is a retrospective study of 94 patients with HCC transplanted between 2000 and 2014 in
a single tertiary center. Pre- and postoperative features, DFS and OS were compared between
patients who received pre-OLT DEB-TACE (n=34, DEB-TACE group) and those who did not (n=60,
non-TACE group). Radiologic and histologic response to neoadjuvant treatment as well as its
complications were also studied.
RESULTS
There were no significant differences in post-transplantation DFS and OS rates between groups (5year DFS: 70% in DEB-TACE group vs. 63% in non-TACE group, P = 0.454; 5-year OS: 70% in DEB-TACE
group vs. 65% in non-TACE group, P = 0.532). The DEB-TACE group had longer OLT waiting time compared with the non-TACE group (110 vs. 72 days; P = 0.01). On univariate and multivariate analyses,
alpha-fetoprotein (AFP) levels >500 ng/mL prior to OLT were associated with decreased OS and DFS
regardless of neoadjuvant approach (hazard ratio of 6, P = 0.001 and 5.5, P = 0.002, respectively).
CONCLUSION
Patients who underwent neoadjuvant DEB-TACE and OLT for hepatocellular carcinoma had no
statistically different OS or DFS at 3 and 5 years from patients undergoing OLT alone.
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rthotopic liver transplant is the gold standard treatment for patients with hepatocellular carcinoma (HCC) within Milan criteria (1, 2). Conventional transarterial
chemoembolization (cTACE) is widely accepted as a palliative treatment for patients who do not fulfill the criteria for OLT, HCC resection, or local therapies such as ethanol injection, radiofrequency ablation, microwave ablation, cryotherapy, or electroporation
(3–11). The usefulness of pre-OLT TACE to avoid disease progression while waiting for organ
allocation and to down-stage selected patients to fulfill transplant criteria is well known.
However, the effect of neoadjuvant TACE treatment prior to OLT for HCC on overall survival
(OS) and disease-free survival (DFS) is contentious (2, 12–22).
Doxorubicin drug-eluting bead TACE (DEB-TACE) is a drug delivery embolization system
that can achieve higher tumor and lower systemic concentrations of doxorubicin compared
with cTACE and demonstrated equal efficacy with low toxicity in previous clinical studies
(23–27). However, the evidence to support the use of this relatively novel technique as a
neoadjuvant treatment before OLT and its impact on OS and DFS is scarce.
The aim of this study was to compare OS and DFS of patient undergoing OLT for HCC who
did and did not receive neoadjuvant DEB-TACE.
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Study design and population
Data was investigated from a prospectively maintained database and the need to ob-
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tain informed consent was waived. The
research was performed according to the
World Medical Association Declaration of
Helsinki.
This is a retrospective study of all patients
diagnosed with HCC (either radiologically
and/or by percutaneous biopsy, in accordance with the American and European
Association for the Study of Liver Disease
guidelines) (28, 29) who underwent OLT as
a curative treatment between September
2000 and November 2014. Patients initially
listed for OLT but dropped from the list for
any reason, patients who underwent neoadjuvant treatment other than DEB-TACE
(including cTACE), and patients diagnosed
with incidental HCC on final histopathology
report were excluded from the study.
Patients were added to the liver transplant waiting list on the basis of a multidisciplinary team decision, in accordance with
international guidelines (2, 28, 29) based on
the patient fulfilling Milan criteria or their
expansion (1, 30). Since 2002, once on the
OLT waiting list, HCC patients were prioritized by receiving 21 Model for End Stage
Liver Disease (MELD) exception points (31).
Study group
Of a total of 116 patients listed for OLT following a diagnosis of HCC during the study
period, 100 patients underwent OLT. Transplantation was preceded by DEB-TACE in 34
cases, while the rest did not have chemoembolization (non-TACE). In total, 10 patients (6
DEB-TACE and 4 non-TACE; P = 0.121) were
dropped from the waiting list due to disease
progression and 6 patients for other reasons
(abstinence from alcohol incompliance or
acute liver failure leading to death). Additionally, 6 patients were excluded from the
study because they received neoadjuvant local treatment other than DEB-TACE (4 radiof-

Main points

•

Neoadjuvant doxorubicin drug-eluting bead
transarterial chemoembolization (DEB-TACE)
does not improve survival in hepatocellular
carcinoma patients with a waiting list time of
<6 months for liver transplantation.

•

Pretransplantation alpha-fetoprotein level of
>500 ng/mL is a risk factor for decreased overall
and disease-free survival.

•

Randomized clinical trials comparing the
survival rates of patients who did and did not
receive neoadjuvant DEB-TACE are needed.

requency ablations and 2 cTACE). Therefore
94 patients (34 DEB-TACE and 60 non-TACE)
were included in the study.
Preoperative treatment
Neoadjuvant DEB-TACE for HCC patients
awaiting OLT was first employed in our institution in 2006. From 2006 to 2014, as
international consensus based protocols
to guide the use of neoadjuvant DEB-TACE
were lacking, patients were selected to undergo preoperative DEB-TACE on a case by
case basis. This decision was undertaken by
a multidisciplinary team and was based on
a number of factors including the expected
time on transplantation waiting list (primarily dependent upon the MELD score, blood
group, and weight) and on disease characteristics such as number and size of tumors.
Pre-TACE evaluation included review of
medical history, physical examination, and
laboratory studies for hematologic, hepatic,
and renal functions along with serum alpha-fetoprotein (AFP). The imaging workup
consisted of a baseline contrast-material
enhanced computed tomography (CT) or
magnetic resonance imaging (MRI) within 1
month preceding the DEB-TACE procedure.
DEB-TACE was repeated until angiographic
response was expected.
Following DEB-TACE, if transplantation
did not occur first, patients underwent interim contrast-enhanced MRI or CT to assess
DEB-TACE tumor response, 4 to 8 weeks after the procedure. Response to therapy was
assessed on imaging using modified RECIST
criteria (32) and EASL criteria (29). DEB-TACE
was then repeated, at 4–8 weeks interval,
until a complete response was achieved or
a donor organ became available. In patients
with a complete radiologic response, a CT or
MRI study was repeated every 4 months and
AFP levels were tested every 2 months whilst
the patient remained on the waiting list.
DEB-TACE procedure
Informed consent was obtained from all
patients before the procedure. All patients
were premedicated with antibiotics (cefuroxime 750 mg and metronidazole 500
mg, intravenously). Either 100–300 μm or
300–500 μm DC Beads™ (AngioDynamics)
were used for embolization. A total of 4 mL
of microspheres were mixed with 150 mg
doxorubicin according the manufacturer’s
guidelines. Patients received conscious sedation during the procedure using fentanyl and midazolam. Blood pressure, oxygen
saturation, electrocardiographic parame-
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ters, and heart rate were monitored during
the entire procedure. Femoral arterial access was used in all patients. Celiac and/
or superior mesenteric arteriography was
performed to assess the arterial anatomy,
vascular supply to the tumor, and patency
of the portal vein. The lobar/segmental hepatic artery supplying the tumor was selectively cannulated with a microcatheter and
embolized with drug-eluting microspheres,
which were mixed with nonionic iodinated
contrast material in a ratio of 1:5. The endpoint for embolization was stasis of blood
flow in the arterial feeders to the tumor. A
search with additional angiography was
made for detection of extrahepatic arterial supply to the tumor. If the extrahepatic
artery was suitable for embolization, the artery was selectively cannulated and embolized with drug-eluting microspheres.
Patients were admitted for observation for 24 hours following the procedure.
Prophylactic medications against nausea
(intravenous ondansetron) and pain and
intravascular hydration were administered
during hospitalization. Safety of DEB-TACE
was assessed by calculating incidence of
postprocedure complications according
to Society of Interventional Radiology
(SIR) guidelines (33) and the Dindo-Clavien classification (34). The incidence of
postprocedure liver failure, renal failure, or
death within 30 days of the procedure was
also calculated. Biochemical toxicity was
assessed using National Cancer Institute –
Common Terminology Criteria for Adverse
Events (NCI-CTCAE) version 4.0 (35).
Postoperative follow-up
Post-OLT follow-up was based on current
international recommendations (2). Patients underwent CT or MRI scanning and
AFP measurement every 6 months during
the first 2 years and additional imaging
techniques were performed if HCC recurrence was suspected.
Data analysis
Primary outcomes were post-OLT OS and
DFS; secondary outcomes were post-TACE
morbidity, length of stay, radiologic and
histologic response, postoperative graft
loss, hepatic artery thrombosis, and mortality within 30 days.
Distribution of continuous variables’ was
determined using Kolmogorov-Smirnov
test and expressed as mean ± standard deviation or median and range. Categorical
variables were compared using chi-square
Dorcaratto et al.

test or Fisher exact test, as appropriate.
Continuous data were compared using independent samples t-test or its nonparametric analogue. Survival time was calculated from the date of OLT to the date of
the event of interest (death for OS, relapse
for DFS) or the date of the last follow-up.
To estimate DFS, patients without evidence
of recurrence were censored at the time of
last follow-up or death. Patient OS and DFS
were estimated using Kaplan-Meier method and these curves were compared with
log-rank tests. Multivariate analysis using
a Cox multiple stepwise regression model
was performed to evaluate the influence of
different variables on OS and DFS. Data collection and analyses were performed with
Statistical Package for the Social Sciences
(version 16.0; SPSS Inc.). P < 0.05 was considered significant.

Results
Demographic and preoperative data of the
DEB-TACE and non-TACE groups, obtained
just before OLT, are depicted in Table 1.
Patients who underwent DEB-TACE had a
significantly longer waiting time for transplantation (110 vs. 72 days; P = 0.005) and
had a lower MELD score (10 vs. 13; P = 0.019)
than non-TACE patients. No intergroup differences were observed in gender, age,
albumin level, etiology, AFP levels at diagnosis or prior to transplantation, number
of nodules, and cumulative and maximum
tumor diameter.
A total of 47 DEB-TACE procedures were
performed on 34 patients. No patients died
within 30 days of DEB-TACE procedures.
No patients had major complications after
DEB-TACE (Clavien grade 1: n=2 (4%), no
complications: n=45 (96%); SIR grade A:
n=2 (4%), no complications: n=45 (96%); no
postprocedure acute liver or kidney failure
was observed). The median length of stay
after DEB-TACE was 1 day (range, 1–15).
Only three patients had a length of stay of
more than 3 days. The reason for prolonged
stays was pre-OLT work-up in all cases.
Radiologic follow-up of DEB-TACE was
available in 36 procedures and showed
stable disease in 4 cases (11%), partial response in 24 cases (67%), and complete radiological response in 8 cases (22%). Eleven
patients (11%) received OLT before the first
post-TACE radiologic follow-up. No difference in OS and DFS was observed between
complete radiologic responders and noncomplete radiologic responders (data not

shown) among DEB-TACE patients. Five patients did not fulfill Milan criteria and were
down-staged by one or more DEB-TACE
sessions.
The histopathology report and early
postoperative results for the two groups are
shown in Table 2. Histopathologic assessment of the necrosis achieved by DEB-TACE
in the explanted liver tumor was available
in 20 of the 34 treated patients (59%) and
7 (35%) of them showed a complete pathologic response to neoadjuvant treatment.
However, there was no difference in DFS

or OS between this complete response
subgroup and the remaining DEB-TACE patients (data not shown).
There were no differences in postoperative length of hospital admission, hepatic
artery thrombosis, 30-day graft loss, and
30-day mortality between the DEB-TACE
and non-TACE groups (Table 2).
Mean follow-up after OLT was 47±39
months (29±23 months and 57±42 months
in DEB-TACE and non-TACE groups, respectively). Overall 4 DEB-TACE (12%) and 7 nonTACE (12%) patients had disease recurrence

Table 1. Demographic and preoperative data of DEB-TACE and non-TACE groups
DEB-TACE (n=34)

Non-TACE (n=60)

P

28 (82)

51

0.743

60±9

56±9

0.121

MELD score (mean±SD)

10±4

13±5

0.005*

Albumin (mean±SD)

34±11

32±6

0.465

Ascites, n (%)

4 (12)

15

0.098

Alcohol, n (%)

9 (26)

16

0.987

HCV, n (%)

12 (35)

19

0.719

HBV, n (%)

3 (9)

4

0.763

		
Male, n (%)
Age, years (mean±SD)

Other etiologies, n (%)

10 (29)

21

0.576

AFP at diagnosis, ng/mL (median, range)

5 (1–7568)

5 (1–889)

0.954

AFP before OLT, ng/mL (median, range)

4 (1–7568)

5 (1–889)

0.821

Number of nodules (mean±SD)

1.4±0.8

1.4±0.8

0.965

Maximum diameter, mm (mean±SD)

32±14

28±9

0.165

Cumulative diameter, mm (mean±SD)

38±19

35±16

0.365

Waiting list, days (mean±SD)

110±84

72± 65

0.019*

8 (23)

2 (3)

0.003*

Patients waiting >6 months, n (%)

* P < 0.05.
DEB-TACE, doxorubicin drug-eluting bead transarterial chemoembolization; Non-TACE, no transarterial
chemoembolization before liver transplantation; SD, standard deviation; MELD, model for end stage liver disease;
HCV, Hepatitis C virus; HBV, Hepatitis B virus; AFP, alpha-fetoprotein; OLT, orthotopic liver transplantation.

Table 2. Comparison of the early postoperative data and histopathologic examination results
between DEB-TACE and non-TACE groups
		

DEB-TACE (n=34)

Non-TACE (n=60)

		

n (%)

n (%)

P

Inside Milan criteria confirmed by HPR

30 (88)

46 (77)

0.176

TNM stage 1

13 (46)

34 (57)

0.376

Histologic grade 1

22 (65)

39 (52)

0.919

Microvascular invasion

7 (23)

20 (33)

0.365

HAT		

1 (3)

2 (3)

0.898

30-day graft loss

1 (3)

6 (10)

0.219

30-day mortality

1 (3)

7 (12)

0.143

DEB-TACE, doxorubicin drug-eluting bead transarterial chemoembolization; Non-TACE, no transarterial
chemoembolization before liver transplantation; HPR, histopathology report; HAT, hepatic artery thrombosis.
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Table 3. Univariate analysis for overall survival and disease-free survival on the entire cohort of
patients (n=94)
3-year OS
%

5-year OS		
%
P
0.265

3-year DFS
%

5-year DFS
%

P
0.187

Male

77

70

75

68

Female

61

51		60

50

Age >60 years

70

56

69

56

Age <60 years

78

75		

76

72

Ascites

77

76

76

76

No ascites

78

67		

75

65

Cumulative diameter >30 mm

80

73

79

70

Cumulative diameter <30 mm

72

60		

68

53

Outside Milan criteria

74

66

72

66

Inside Milan criteria

92

81		

91

69

Nodule number >1

88

79

87

60

Nodule number <1

73

65		

71

66

DEB-TACE

79

70

79

70

Non-TACE

73

65		70

63

Max nodule diameter >30 mm

80

76

79

71

Max nodule diameter <30 mm

72

60		

69

60

Vascular invasion

68

68

68

61

No vascular invasion

77

65		

75

65

TNM stage >1

74

57

71

56

TNM stage <1

72

72		

72

72

Histologic grade >1

73

63

70

60

Histologic grade <1

70

64		

70

63

AFP OLT >500 ng/mL

33

33

33

33

AFP OLT <500 ng/mL

79

71		

77

69

0.821

0.421

0.476

0.919

0.365

0.532

0.532

0.776

0.643

0.221

0.007*

0.865

0.354

0.463

0.874

0.365

0.454

0.521

0.854

0.687

0.221

0.019*

* P < 0.05.
OS, overall survival; DFS, disease-free survival; DEB-TACE, doxorubicin drug-eluting bead transarterial
chemoembolization; Non-TACE, no transarterial chemoembolization before liver transplantation; AFP, alphafetoprotein; OLT, orthotopic liver transplantation.

Table 4. Multivariate analysis for overall survival and disease-free survival on the entire cohort of
patients (n=94)
OS HR

P

DFS HR

Male

0.6

0.432

0.5

0.354

Age >60 years

1.6

0.354

1.5

0.343

Ascites

0.7

0.776

0.7

0.654

Cumulative diameter >30 mm

1.1

0.932

0.9

0.987

Inside Milan criteria

0.5

0.476

0.6

0.653

Nodule number >1

0.4

0.532

0.5

0.598

DEB-TACE

1.9

0.298

1.8

0.365

1

0.954

1.2

0.876

Vascular invasion

0.5

0.376

0.5

0.421

TNM stage >1

1.6

0.443

1.5

0.521

Histologic grade >1

0.4

0.221

0.5

0.219

AFP OLT >500 ng/mL

6

0.019*

5.5

0.021*

Max nodule diameter >30 mm

P

* P < 0.05.
OS, overall survival; HR, hazard ratio; DFS, disease-free survival; DEB-TACE, doxorubicin drug-eluting bead
transarterial chemoembolization; AFP, alpha-fetoprotein; OLT, orthotopic liver transplantation.
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during the study period. There was no difference between 3-year and 5-year OS and
DFS rates as depicted in Figs. 1 and 2 (3-year
OS: 79% in DEB-TACE group vs. 73% in nonTACE group; 5-year OS: 70% in DEB-TACE
group vs. 65% in non-TACE group; 3-year
DFS: 79% in DEB-TACE group vs. 70% in nonTACE group; 5-year DFS, 70% in DEB-TACE
group vs. 63% in non-TACE group).
On univariate analysis only pretransplantation AFP levels >500 ng/mL correlated
significantly with OS and DFS (Table 3).
No other variable was found to influence
OS and DFS rates, including Milan criteria
compliance, the number of nodules, the
cumulative tumor diameter, the histologic
grade and the use of DEB-TACE as perioperative treatment (Table 3). These findings
were confirmed by multivariate analysis,
where only pretransplantation AFP levels
>500 ng/mL increased the risk of death or
recurrence with a hazard ratio of 6 and 5.5
respectively in the entire cohort (Table 4).

Discussion
DEB-TACE has been shown to be safe
and effective in palliative HCC treatment in
several clinical and preclinical studies (27,
36–41), as well as in a randomized clinical
trial (RCT) comparing DEB-TACE with cTACE
(23, 26), but the evidence to support its use
as a neoadjuvant treatment before OLT is
scarce (25, 42–46). To our knowledge, this is
the first clinical study that compares OS and
DFS of patients that did and did not receive
DEB-TACE before OLT and one of the largest series assessing neoadjuvant DEB-TACE
clinical results in the literature so far.
The use of cTACE prior to resection of
HCC has been examined in 3 RCTs, universally yielding negative results in terms of
OS and DFS (47–49). One such study, published by Zhou et al. (47) delineated the
negative impact of preoperative cTACE on
a range of parameters including post-cTACE
complications, impairment of liver function
and increased technical difficulty for future
transarterial treatments. Furthermore, the
author expressed concerns regarding the
potentially deleterious outcome of partial
tumor necrosis induced by neoadjuvant
cTACE, which could cause dislodgement
of remaining tumor cells into the bloodstream. The authors concluded that preoperative cTACE cannot be recommended
for resectable HCC. In the current study,
patients treated by neoadjuvant DEB-TACE
had no postprocedure deaths or severe
complications. Furthermore, no evidence of
Dorcaratto et al.

Figure 1. Kaplan-Meier overall survival (OS) curves for patients who did and did not have
doxorubicin drug-eluting bead transarterial chemoembolization (DEB-TACE) before orthotopic liver
transplantation.

Figure 2. Kaplan-Meier disease-free survival (DFS) curves for patients who did and did not have
doxorubicin drug-eluting bead transarterial chemoembolization (DEB-TACE) before orthotopic liver
transplantation.

altered OS or DFS when comparing patients
with DEB-TACE and complete response
with patients with stable disease or partial
pathological was observed.
The rationale for the use of TACE prior
to OLT is multifaceted. Firstly, the goal is
to avoid tumor progression while patients
await allocation of a donor organ, particularly if this waiting period is expected to be
in excess of 6 months (2, 50). Secondly, TACE
is theorized to have the potential to downstage patients outside transplantation selection criteria (51) and thirdly to increase
OS and DFS after OLT. However, the current
indication for TACE as a bridging therapy
before OLT is based only on retrospective
series (2) and there are no available RCTs to
support the use of neoadjuvant DEB-TACE
or cTACE before OLT. In our experience, patients diagnosed with HCC who received
neoadjuvant DEB-TACE before OLT have
the same OS and DFS as those who had
OLT alone. These findings agree with several previous nonrandomized studies evaluating the use of neoadjuvant cTACE (14,
17–19, 21, 22). However, comprehensive
review of the literature reveals no overall
consensus on the survival benefit of neoadjuvant cTACE, with many studies equivocal
and conflicting (2, 12–22). In the current
study, the effectiveness of DEB-TACE to
down-stage patients to fulfill OLT criteria
and to prevent dropouts from the waiting
list was not under evaluation. Our aim was
to evaluate the effect of DEB-TACE on OS
and DFS after OLT. Intention-to-treat analysis was, therefore, not performed, and patients dropped from OLT list were excluded
from the study.
The relatively low number of patients in
each subgroup, as well as the retrospective
nature of the study represents a weakness
of our work. Selection bias cannot be totally
avoided in retrospective studies. In our series DEB-TACE patients had a significantly
longer waiting list time (110 vs. 72 days)
and lower MELD score. The waiting list time
is one of the selection criteria for patients
to undergo preoperative DEB-TACE and also
represents a risk factor for tumor progression while waiting for OLT. Furthermore,
we are aware that only a small number of
our patients in both groups waited over 6
months and that rapid transplantation may
have impacted our results in favor of no effect of DEB-TACE.
In conclusion, patients who underwent
neoadjuvant DEB-TACE and OLT for HCC
had the same OS or DFS at 3 and 5 years
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as patients undergoing OLT alone, despite
longer waiting list time. However, neoadjuvant DEB-TACE is a safe procedure, does
not compromise subsequent OLT and does
not increase post-OLT complications rates,
as previously reported by others authors
(52). The results of the current work suggest
that in a population with a waiting list of
<6 months, neoadjuvant DEB-TACE has no
survival benefits. Future RCTs are needed to
demonstrate the oncologic benefit of DEBTACE on this subgroup of patients and in
down-staging of HCC patients outside the
OLT criteria.
Conflict of interest disclosure

The authors declared no conflicts of interest.

References
1. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. N
Engl J Med 1996; 334:693–699. [CrossRef]
2. Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ,
Langer B, Perrier A. Recommendations for liver
transplantation for hepatocellular carcinoma:
an international consensus conference report.
Lancet Oncol 2012; 13:e11–22. [CrossRef]
3. Forner A, Llovet JM, Bruix J. Chemoembolization
for intermediate HCC: is there proof of survival
benefit? J Hepatol 2012; 56:984–986. [CrossRef]
4. Oliveri RS, Wetterslev J, Gluud C. Transarterial
(chemo)embolisation for unresectable hepatocellular carcinoma. Cochrane Database Syst
Rev 2011: CD004787. [CrossRef]
5. Brunello F, Veltri A, Carucci P, et al. Radiofrequency ablation versus ethanol injection for
early hepatocellular carcinoma: A randomized
controlled trial. Scand J Gastroenterol 2008;
43:727–735. [CrossRef]
6. Livraghi T, Meloni F, Di Stasi M, et al. Sustained
complete response and complications rates after
radiofrequency ablation of very early hepatocellular
carcinoma in cirrhosis: Is resection still the treatment
of choice? Hepatology 2008; 47:82–89. [CrossRef]
7. Cucchetti A, Piscaglia F, Cescon M, Ercolani G,
Pinna AD. Systematic review of surgical resection vs. radiofrequency ablation for hepatocellular carcinoma. World J Gastroenterol 2013;
19:4106–4118. [CrossRef]
8. Shibata T, Iimuro Y, Yamamoto Y, et al. Small
hepatocellular carcinoma: comparison of radio-frequency ablation and percutaneous microwave coagulation therapy. Radiology 2002;
223:331337. [CrossRef]
9. Chen HW, Lai EC, Zhen ZJ, Cui WZ, Liao S, Lau
WY. Ultrasound-guided percutaneous cryotherapy of hepatocellular carcinoma. Int J Surg
2011; 9:188–191. [CrossRef]
10. Kingham TP, Karkar AM, D’Angelica MI, et al.
Ablation of perivascular hepatic malignant
tumors with irreversible electroporation. J Am
Coll Surg 2012; 215:379–387. [CrossRef]
11. Llovet JM, Real MI, Montana X, et al. Arterial embolisation or chemoembolisation versus symptomatic treatment in patients with unresectable hepatocellular carcinoma: a randomised controlled trial.
Lancet 2002; 359:1734–1739. [CrossRef]

12. Allard MA, Sebagh M, Ruiz A, et al. Does pathological response after transarterial chemoembolization for hepatocellular carcinoma in cirrhotic patients with cirrhosis predict outcome
after liver resection or transplantation? J Hepatol 2015; 63:83–92. [CrossRef]
13. Belghiti J, Carr BI, Greig PD, Lencioni R, Poon RT.
Treatment before liver transplantation for HCC.
Ann Surg Oncol 2008; 15:993–1000. [CrossRef]
14. Decaens T, Roudot-Thoraval F, Bresson-Hadni
S, et al. Impact of pretransplantation transarterial chemoembolization on survival and
recurrence after liver transplantation for hepatocellular carcinoma. Liver Transpl 2005;
11:767–775. [CrossRef]
15. Graziadei IW, Sandmueller H, Waldenberger
P, et al. Chemoembolization followed by liver
transplantation for hepatocellular carcinoma
impedes tumor progression while on the waiting list and leads to excellent outcome. Liver
Transpl 2003; 9:557–563. [CrossRef]
16. Kim DJ, Clark PJ, Heimbach J, et al. Recurrence
of hepatocellular carcinoma: importance of
mRECIST response to chemoembolization and
tumor size. Am J Transplant 2014; 14:1383–
1390. [CrossRef]
17. Lesurtel M, Mullhaupt B, Pestalozzi BC, Pfammatter T, Clavien PA. Transarterial chemoembolization as a bridge to liver transplantation for hepatocellular carcinoma: an
evidence-based analysis. Am J Transplant
2006; 6:2644–2650. [CrossRef]
18. Perez Saborido B, Meneu JC, Moreno E, Garcia
I, Moreno A, Fundora Y. Is transarterial chemoembolization necessary before liver transplantation for hepatocellular carcinoma? Am J Surg
2005; 190:383–387. [CrossRef]
19. Salvalaggio PR, Felga GE, Alves JA, Meirelles
RF, Jr., Almeida MD, de Rezende MB. Response
to transarterial chemoembolization in candidates with hepatocellular carcinoma within
Milan criteria does not predict post-transplant
disease-free survival. Transplant Proc 2014;
46:1799–1802. [CrossRef]
20. Seehofer D, Nebrig M, Denecke T, et al. Impact
of neoadjuvant transarterial chemoembolization on tumor recurrence and patient survival
after liver transplantation for hepatocellular
carcinoma: a retrospective analysis. Clin Transplant 2012; 26:764–774. [CrossRef]
21. Schaudt A, Kriener S, Schwarz W, et al. Role of
transarterial chemoembolization for hepatocellular carcinoma before liver transplantation with
special consideration of tumor necrosis. Clin
Transplant 2009; 23 Suppl 21:61–67. [CrossRef]
22. Sourianarayanane A, El-Gazzaz G, Sanabria JR,
et al. Loco-regional therapy in patients with
Milan Criteria-compliant hepatocellular carcinoma and short waitlist time to transplant: an
outcome analysis. HPB (Oxford) 2012; 14:325–
332. [CrossRef]
23. Lammer J, Malagari K, Vogl T, et al. Prospective randomized study of doxorubicin-eluting-bead embolization in the treatment of
hepatocellular carcinoma: results of the PRECISION V study. Cardiovasc Intervent Radiol 2010;
33:41–52. [CrossRef]
24. Poon RT, Tso WK, Pang RW, et al. A phase I/
II trial of chemoembolization for hepatocellular carcinoma using a novel intra-arterial
drug-eluting bead. Clin Gastroenterol Hepatol
2007; 5:1100–1108. [CrossRef]

446 • November–December 2017 • Diagnostic and Interventional Radiology

25. Nicolini D, Svegliati-Baroni G, Candelari R, et
al. Doxorubicin-eluting bead vs. conventional transcatheter arterial chemoembolization
for hepatocellular carcinoma before liver
transplantation. World J Gastroenterol 2013;
19:5622–5632. [CrossRef]
26. Golfieri R, Giampalma E, Renzulli M, et al. Randomised controlled trial of doxorubicin-eluting beads vs. conventional chemoembolisation for hepatocellular carcinoma. Br J Cancer
2014; 111(2):255–264. [CrossRef]
27. Song MJ, Chun HJ, Song do S, et al. Comparative study between doxorubicin-eluting beads
and conventional transarterial chemoembolization for treatment of hepatocellular carcinoma. J Hepatol 2012; 57:1244–1250. [CrossRef]
28. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005; 42:1208–1236.
[CrossRef]
29. Bruix J, Sherman M, Llovet JM, et al. Clinical management of hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL conference.
European Association for the Study of the Liver. J
Hepatol 2001; 35:421–430. [CrossRef]
30. Duffy JP, Vardanian A, Benjamin E, et al. Liver transplantation criteria for hepatocellular
carcinoma should be expanded: a 22-year experience with 467 patients at UCLA. Ann Surg
2007; 246:502–511. [CrossRef]
31. Sharma P, Balan V, Hernandez JL, et al. Liver
transplantation for hepatocellular carcinoma:
the MELD impact. Liver Transpl 2004; 10:36–41.
[CrossRef]
32. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma.
Semin Liver Dis 2010; 30:52–60. [CrossRef]
33. Angle JF, Siddiqi NH, Wallace MJ, et al. Quality improvement guidelines for percutaneous
transcatheter embolization: Society of Interventional Radiology Standards of Practice
Committee. J Vasc Interv Radiol 2010; 21:1479–
1486. [CrossRef]
34. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004;
240:205–213. [CrossRef]
35. https://ctep.cancer.gov/protocolDevelopment/adverse_effects.htm
36. Burrel M, Reig M, Forner A, et al. Survival of
patients with hepatocellular carcinoma treated by transarterial chemoembolisation (TACE)
using Drug Eluting Beads. Implications for clinical practice and trial design. J Hepatol 2012;
56:1330–1335. [CrossRef]
37. Gao S, Yang Z, Zheng Z, et al. Doxorubicin-eluting bead versus conventional TACE
for unresectable hepatocellular carcinoma: a
meta-analysis. Hepatogastroenterology 2013;
60:813–820.
38. Kloeckner R, Weinmann A, Prinz F, et al. Conventional transarterial chemoembolization
versus drug-eluting bead transarterial chemoembolization for the treatment of hepatocellular carcinoma. BMC Cancer 2015; 15:465.
[CrossRef]
39. Spreafico C, Cascella T, Facciorusso A, et al. Transarterial chemoembolization for hepatocellular
carcinoma with a new generation of beads:
clinical-radiological outcomes and safety profile.
Cardiovasc Intervent Radiol 2015; 38:129–134.
[CrossRef]
Dorcaratto et al.

40. Kodama Y, Matsui T, Tsuji K, et al. Is drug-eluting bead transcatheter arterial chemoembolization (TACE) associated with better
tumor response than conventional TACE in meta-analysis? Hepatol Res 2015; 45:1258–1259.
[CrossRef]
41. Xie ZB, Wang XB, Peng YC, et al. Systematic review comparing the safety and efficacy of conventional and drug-eluting bead transarterial
chemoembolization for inoperable hepatocellular carcinoma. Hepatol Res 2015; 45:190–200.
[CrossRef]
42. Nicolini A, Martinetti L, Crespi S, Maggioni M,
Sangiovanni A. Transarterial chemoembolization with epirubicin-eluting beads versus transarterial embolization before liver transplantation for hepatocellular carcinoma. J Vasc Interv
Radiol 2010; 21:327–332. [CrossRef]
43. Farris AB, 3rd, Dursun N, Dhanasekaran R, et al.
Tumoral and angiogenesis factors in hepatocellular carcinoma after locoregional therapy.
Pathol Res Pract 2012; 208:15–21. [CrossRef]
44. Manini MA, Sangiovanni A, Martinetti L, et al.
TACE with drug-eluting beads is effective for
the maintenance of the Milan-in status in patients with a small hepatocellular carcinoma.
Liver Transpl 2015; 21:1259–1269. [CrossRef]

45. Odisio BC, Galastri F, Avritscher R, et al. Hepatocellular carcinomas within the Milan criteria: predictors of histologic necrosis after
drug-eluting beads transarterial chemoembolization. Cardiovasc Intervent Radiol 2014;
37:1018–1026. [CrossRef]
46. Frenette CT, Osorio RC, Stark J, et al. Conventional TACE and drug-eluting bead TACE as
locoregional therapy before orthotopic liver
transplantation: comparison of explant pathologic response. Transplantation 2014; 98:781–
787. [CrossRef]
47. Zhou WP, Lai EC, Li AJ, et al. A prospective,
randomized, controlled trial of preoperative
transarterial chemoembolization for resectable large hepatocellular carcinoma. Ann Surg
2009; 249:195–202. [CrossRef]
48. Wu CC, Ho YZ, Ho WL, Wu TC, Liu TJ, P’Eng FK.
Preoperative transcatheter arterial chemoembolization for resectable large hepatocellular carcinoma: a reappraisal. Br J Surg 1995;
82:122–126. [CrossRef]

49. Yamasaki S, Hasegawa H, Kinoshita H, et al. A
prospective randomized trial of the preventive
effect of pre-operative transcatheter arterial
embolization against recurrence of hepatocellular carcinoma. Jpn J Cancer Res 1996; 87:206–
211. [CrossRef]
50. Majno P, Lencioni R, Mornex F, Girard N, Poon
RT, Cherqui D. Is the treatment of hepatocellular carcinoma on the waiting list necessary? Liver Transpl 2011; 17 Suppl 2:S98–108.
[CrossRef]
51. Chapman WC, Majella Doyle MB, et al. Outcomes of neoadjuvant transarterial chemoembolization to downstage hepatocellular carcinoma before liver transplantation. Ann Surg
2008; 248:617–625. [CrossRef]
52. Casadaban L, Malespin M, Cheung A, et al.
Presurgical transarterial chemoembolization
does not increase biliary stricture incidence in
orthotopic liver transplant patients. Transplant
Proc 2014; 46:1413–1419. [CrossRef]

Survival of patients undergoing DEB-TACE before liver transplantation •

447

