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Summary

The practice of treating candidates for liver transplantation (LT)
for hepatocellular carcinoma (HCC), with locoregional therapies,
is common in most transplant centers. However, for T1 tumors
and expected waiting times to LT <6 months, there is no evidence
that these treatments are beneficial. For T2 tumors and for longer
waiting times, neo-adjuvant treatments are usually performed
with transarterial chemoembolization (TACE), ablation tech-
niques and liver resection in selected cases. The treatment choice

should be based on the BCLC staging system. At present, there is 5=
no evidence of the superiority of ablation/resection vs. TACE, but . . E 2
some studies showed better results of the former in achieving a Hepatocellular carcinoma (HCC) is one of the 5 most common 2
complete response. The response to neo-adjuvant treatments malignancies worldwide, and its incidence is increasing in )
should be evaluated through mRECIST criteria, but few studies Western countries [1,2]. For patients with HCC and cirrhosis, % Z
adopted these criteria and properly analyzed factors affecting liver transplantation (LT) represents the treatment of choice E [f_,g

response. The simultaneous evaluation of the impact of neo-
adjuvant therapies on dropout rate, post-LT HCC recurrence and
patient survival is rarely reported. Tumor stage and volume,
alpha-fetoprotein levels, response to treatments and liver func-
tion affect pre-LT outcomes. These same factors, together with
vascular invasion and poor tumor differentiation, are major
determinants of poor post-LT outcomes. Due to the low number
of prospective studies with well-defined entry criteria and the
variability of results, the role of downstaging is still to be defined.
Novel molecular markers seem promising for the estimation of
prognosis and/or response to treatments. With a persistent
scarcity of organ donors, neo-adjuvant treatments can help iden-

tify patients with different probabilities of cancer progression,
and consequently balance the priority of HCC and non-HCC-
candidates through revised additional scores for HCC.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

and provides excellent oncological results and a cure for cir-
rhosis. However, not all patients with HCC and cirrhosis can
undergo transplantation because of the scarcity of liver
donors.

HCC patients on the waiting list (WL) for transplantation can
experience tumor growth beyond the accepted criteria for LT; the
practice of treating HCC patients with hepatic resection or locore-
gional therapies before they are placed on the WL or while they
are awaiting has thus gained favor and is now the standard of
care in most transplant centers [3-6].

Radiofrequency ablation (RFA), percutaneous ethanol injec-
tion (PEI), and transarterial chemoembolization (TACE) have
considerably improved in the last decade, and they can have a
positive impact on tumor growth control [3-7]. Similarly,
the great improvements in diagnostic techniques and surveil-
lance schedules have led to earlier diagnoses and better accu-
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pies with two intents in the setting of LT. The first one is to pre-
vent the dropout from the WL in patients meeting accepted
criteria of transplantability; in this case, locoregional treatments
are defined as bridging procedures. The second one is to treat
patients initially outside criteria for LT in order to reach T2 stage
HCC, to fulfill Milan criteria (MC) [8], University of California
San Francisco criteria (UCSFC) [9], or other criteria, which allows
entry to the WL for LT after an adequate period of follow-up,
to verify the effectiveness of neo-adjuvant treatment. In
this case, locoregional therapies are used as downstaging
procedures.

Journal of Hepatology 2013 vol. 58 | 609-618


https://core.ac.uk/display/82667804?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:matteo.cescon@aosp.bo.it

Frontiers in Liver

Transplantation

Frontiers in Liver Transplantation

Key Points

. Locoregional treatments are widely used in cirrhotic
patients with hepatocellular carcinoma (HCC) listed
for liver transplantation (LT) in order to prevent tumor
progression, even though there is no strong evidence
that neo-adjuvant treatments should be applied if the
expected waiting time for LT is shorter than 6 months

. Neo-adjuvant treatments include transarterial
chemoembolization (TACE), radiofrequency ablation,
ethanol injection and liver resection, which should be
selected according to the Barcelona Clinic Liver Cancer
(BCLC) scoring system

. Other procedures, such as TACE with drug-eluting
beads, transarterial radioembolization, radiotherapy,
microwave ablation, cryoablation and irreversible
electroporation, though promising, are still under
investigation

. The efficacy of neo-adjuvant treatments should be
evaluated by the rate of dropout from the WL and,
methodologically, with a 3-month interval reassessment
of modified Response Evaluation Criteria in Solid
Tumors (MRECIST) and serum alpha-fetoprotein
sampling

. Neo-adjuvant treatments have the 3 main purposes of
controlling HCC progression for expected long waiting
times, identifying patients with different probabilities of
cancer progression and helping in balancing the priority
of HCC and non-HCC candidates for LT

In order to assess the actual evidence of the impact of neo-
adjuvant treatment in the management of potential candidates
for LT, the following items will be discussed in the present paper:

(1) Are neo-adjuvant locoregional treatments indicated in
patients considered for LT?

(2) How should response to locoregional treatments be evalu-
ated, and what timing should be adopted for patient mon-
itoring on the WL?

(3) Which types of locoregional treatment are available for
patients considered for LT?

(4) Which is the best neo-adjuvant treatment in this setting?

(5) Which are the patient or tumor characteristics related to
an unsuccessful neo-adjuvant therapy, a higher dropout
rate, and a worse post-LT outcome?

(6) Can the effect of neo-adjuvant treatments be used to bal-
ance priority of HCC and non-HCC candidates?

(7) Are there new molecular markers for a better estimation of
tumor biological behavior and/or response to treatment?

Are neo-adjuvant locoregional treatments indicated in
patients listed for LT?

An international consensus conference was held in 2010 with the
aim of reviewing current practice regarding LT in patients with
HCC and to develop internationally accepted statements and
guidelines [10]. Thirty-seven statements covering all issues of

LT for HCC were produced; among these, 5 statements
were focused on the management of patients on the WL. No
recommendation could be made on bridging therapy in patients
with United Network for Organ Sharing (UNOS) T1 HCC due to
the absence of scientific evidence. In patients with UNOS T2
HCC and a likely waiting time longer than 6 months, locoregional
therapy may be appropriate, but the low level of evidence for
prognosis led to a weak recommendation. In fact, a cost-effective
analysis based on Markov model and the review of cohort studies,
indicate a benefit for bridging therapies if the waiting time is
expected to be longer than 6 months [11-14]. However, in the
clinical practice and given the often unpredictable waiting time
for LT, there is a widespread attitude to treat most patients in
the WL. In the following sections of this review, we will focus
on the possible benefits derived from the routine adoption of
neo-adjuvant treatments.

How should response to locoregional treatments be
evaluated?

Whatever the type of locoregional therapy chosen, the response
to neo-adjuvant treatments should be evaluated with the modi-
fied Response Evaluation Criteria in Solid Tumors (mRECIST)
[15,16]. The RECIST criteria were amended as mRECIST in 2008,
based on the concept that the evaluation of the treatment
response should take into account the induction of intratumoral
necrotic areas in estimating the decrease in tumor load, and not
just a reduction in overall tumor size [17].

Patients can be followed with either contrast-enhanced spiral
computed tomography (CT), preferably with use of multislice
scanners, or contrast-enhanced dynamic magnetic resonance
imaging (MRI). The administration of intravenous contrast is rec-
ommended for CT and MRI, if not medically contraindicated. In
contrast-enhanced studies, it is mandatory to obtain a dual-phase
imaging of the liver [15,16].

According to mRECIST criteria, the following definitions
should be applied for tumor response to treatment: (A) complete
response: the disappearance of any intratumoral arterial
enhancement in all target lesions; (B) partial response: at least
a 30% decrease in the sum of diameters of viable (contrast
enhancement in the arterial phase) target lesions, taking as the
reference the baseline sum of the diameters of target lesions;
(C) progressive disease: an increase of at least 20% in the sum
of the diameters of viable (enhancing) target lesions, taking as
the reference the smallest sum of the diameters of viable
(enhancing) target lesions recorded since the treatment started;
(D) stable disease: any cases that do not qualify for either partial
response or progressive disease [15,16].

Overall response is a result of the combined assessment of tar-
get lesions, non-target lesions, and new lesions.

Unfortunately, studies focusing on neo-adjuvant treatments
before LT do not report the response to this therapy with uniform
and/or well-defined parameters, and mRECIST, in particular,
have rarely been used so far. Relationships between response to
therapy and dropout from WL should represent the main aim
of any dedicated study on this issue, and the capability of any
proposed neo-adjuvant treatment should be assessed in the view
of dropout due to tumor progression rather than response by
itself.

Conversely, there is general agreement that monitoring of
patients on the WL should be performed with the above reported
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imaging techniques and the evaluation of serum alpha-fetopro-
tein (AFP) with a 3-month interval after listing [10].

Which types of locoregional treatment are available for
patients considered for LT?

Currently, TACE and percutaneous ablation are the treatments
most frequently used in patients listed for LT or included in a
downstaging program. This is also derived from the revised Bar-
celona Clinic Liver Cancer (BCLC) staging system, according to
which local ablation is considered the first-line treatment option
for patients at early stages, not suitable for surgical therapies
(BCLC 0-A), while TACE is the first-line therapy for patients at
intermediate stages of the disease (unresectable, multifocal dis-
ease confined to the liver in the absence of portal vein thrombosis
and in asymptomatic patients; BCLC B) [18].

Regarding local ablation, RFA is recommended in most
instances as the main ablative therapy in tumors less than 5 cm
due to a significantly better control of the disease, while PEI is
recommended in cases where RFA is not technically feasible
(around 10-15%). In selected cases, laparoscopic ablation can be
performed. Other ablative therapies, such as microwave ablation,
cryoablation, and irreversible electroporation are still under
investigation [18].

TACE extends the survival of patients with BCLC stage B from
a median of 16 months (untreated cases) to a median of up to 19—
20 months, according to randomized controlled trials and a meta-
analysis of pooled data [19]. Although not supported by studies
with high levels of evidence, doxorubicin or cisplatin are the best
chemotherapeutical agents to be used with TACE, while the pro-
cedure should be applied 3-4 times per year, since more intense
regimes [i.e., TACE every 2 months] can induce liver failure in an
unacceptable proportion of patients. Superselective TACE is rec-
ommended to minimize the ischemic insult to non-tumoral liver
and to increase the rate of tumor necrosis [7,18].

Alternatives to TACE can be represented by TACE with Drug-
Eluting Beads (TACE-DEB), radioembolization or external radia-
tion. TACE-DEB has shown similar response rates to standard
TACE, with less liver-related toxicity and systemic adverse events
[20,21].

Transarterial radioembolization (TARE) with '3'I or °°Y glass
beads has shown a good anti-tumoral effect with an acceptable
safety profile, but at present, it cannot be recommended as stan-
dard therapy, based on the absence of studies with high levels of
evidence comparing TARE with TACE [22-25].

External three-dimensional conformal radiotherapy is under
investigation [26], and at present there is no evidence to support
this therapeutic approach in the management of HCC.

Which is the best neo-adjuvant treatment in patients
considered for LT?

According to the previously mentioned international consensus
conference held in 2010, no recommendation can be made for
preferring any type of locoregional therapy to others, in patients
listed for LT or in those entering a downstaging protocol [10].
This statement is based on the lack of randomized trials on this
topic. Indeed, the potential benefits advocated for local ablation
or TACE are derived from observational studies and cost-effec-
tiveness analyses [10].

JOURNAL OF HEPATOLOGY

TACE is the treatment most frequently adopted, alone or in
combination with ablation/resection, in patients listed for LT
(bridging treatments) [3,27-42], or included in a program of
downstaging [3,29,34,37,40-48]. Results of neo-adjuvant locore-
gional treatments are reported as related to the use of TACE alone
[3,27,29,31,33,34,37,43,44,48], ablation alone [4,49,50], or multi-
modal treatments [28,30,32,35,36,38-42,45-47].

In general, most published series are single-center and with a
low number of patients. Furthermore, there is a great heterogene-
ity among studies as regards the types of treatments considered,
the center-specific criteria for LT for HCC, and the results reported
in terms of: achievement of tumor necrosis, radiological response
to treatment, dropout rate, waiting time for LT, proportion of
patients transplanted, post-transplant survival, intention-to-treat
survival and post-LT recurrence rate [3,4,27-51].

The highest accordance between different studies is in the
demonstration that RFA achieves higher rates of complete necro-
sis (46-74%) [4,49,50] compared with TACE (22-29%)
[27,35,48,51]. Cucchetti and colleagues showed that patients
treated with potentially curative bridge treatments, namely
resection and percutaneous ablation, had higher probabilities of
achieving a complete tumor response compared to those treated
with TACE [41], whereas Huo and colleagues reported a lower
incidence of dropout among patients treated with RFA vs. other
ablation procedures [36].

However, other outcome measures between different treat-
ments are highly variable, and a clear superiority of ablation
vs. TACE has not emerged so far. Considering all the above stud-
ies reporting results of either bridge or downstaging strategies,
the WL dropout rate ranges between 0% and 35%, the tumor pro-
gression rate ranges between 0% and 20%, the average waiting
time to LT is between 4 and 12 months, the proportion of
patients transplanted is between 54% and 100%, the post-LT
patient survival is between 76% at 3 years and 94% at 5 years,
and the intention-to-treat survival is between 57% and 94%
[3,4,28-42,49,50].

These figures have to be compared with initial studies report-
ing an actuarial probability of dropout of 15-30% at 1 year [9,52],
and with an analysis based on Organ Procurement and Transplant
Network data for WL registrations for HCC between 2005 and
2008, showing that the use of any type of ablation had a minimal
effect on WL dropout, which decreased from 10.1% for no ablation
to 8.0% for ablation at 180 days after listing [53].

The effect of neo-adjuvant treatments on survival after LT is
even more difficult to assess. Many studies indicate survival rates
similar to those of untreated individuals [27,35,51,54,55], but
data from the U.S. activity of liver transplant for HCC from
1997 to 2006 showed a higher 3-year post-LT survival in patients
who received pre-LT ablative procedures compared to those who
did not, without any apparent difference among different types of
pre-LT treatments [56].

In general, studies reporting no differences between treated
and untreated patients tend to have shorter waiting times
(<6 months) for LT [35,51], as clearly exemplified by a national
survey of LT for HCC from 1998 to 2006 by Pellettier et al., where
the median waiting time to LT was 2 months [54].

This explains once again the low level of recommendation
pertaining to neo-adjuvant treatments given during the Zurich
conference, which is mostly based on a Markov-based cost-effec-
tiveness analysis outlining the benefits for neo-adjuvant treat-
ments when waiting times exceed 6 months [10,11].
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Which are the patient or tumor characteristics related to an
unsuccessful neo-adjuvant therapy, a higher dropout rate, and
a worse post-LT outcome?

Table 1 depicts the numerically most relevant single-center ser-
ies reporting both neo-adjuvant treatments used and factors
affecting at least one of the main outcome measures before or
after LT (response to neo-adjuvant treatment, dropout rate from
the waiting list, post-transplant survival, HCC recurrence, and
intention-to-treat survival). Different types of therapies were
used, and untreated patients were considered in some studies
[28,30,35,38-42]. Also, in some papers, a proportion of patients
were treated with an intent of downstaging to eligibility criteria
for LT, but most authors did not state which further criteria for
downstaging were used at the initiation of the study, with only
two exceptions [40,41].

As reported above, these studies showed highly variable
methods and results, which are extensively described in previous
reviews [13,57-59]. However, under the present need to clearly
define the priority to be assigned to different stages of the disease
for better balancing with other indications for LT, the most
important objective is to evaluate the impact of neo-adjuvant
treatments among variables affecting 5 specific outcomes:
response to neo-adjuvant treatments, dropout rates from the
WL, patient survival after LT, HCC recurrence after LT, and inten-
tion-to-treat survival after listing. Very few studies addressed all
these issues, while most of them focused on only one or 2 out-
come measures. The assessment of response to neo-adjuvant
treatments was not performed with uniform criteria, which var-
iably included radiological complete response vs. partial or
absent response, radiological complete or partial response vs.
no response, or pathological response (necrosis) alone. In addi-
tion, most authors did not perform univariate and multivariate
analysis of all possible predictive factors. Indeed, only 2 recent
studies consistently adopted this methodology [40,41].

In general, tumor dimensional and biological characteristics
(more advanced tumor stage, HCC outside MC or subjected to
downstaging, and elevated serum AFP) had a negative impact
on the response to neo-adjuvant treatments [4,37,39-41,49,50].
These factors, together with no response to neo-adjuvant treat-
ments, absence of neo-adjuvant treatments, and poor liver func-
tion (expressed with Model for End-stage Liver Disease [MELD]
score, ascites or serum bilirubin), conditioned the probability of
dropout [3,30,32,36,39-41]. Interestingly, downstaging nega-
tively affected these outcomes in more than one reported study,
and it was also a negative predictor of post-LT survival, HCC
recurrence and intention-to-treat survival according to some
authors [3,29].

Finally, tumor recurrence and patient survival rates were
partly determined by the same factors conditioning pre-LT out-
comes (including response to neo-adjuvant treatments), and
partly affected by the aggressive tumor behavior, expressed by
vascular invasion and poor differentiation [3,28,29,34,35,38,40-
42]. Hepatitis C virus (HCV) recurrence was an independent pre-
dictor of lower patient survival in one study [41] (Table 1).

Results of studies specifically addressing downstaging

Several authors specifically focused on the results of downstaging
protocols [29,34,37,43-48]. Even in these studies, a high variabil-
ity of methods and results is evident. Successful downstaging was

defined as fulfilling of MC [37,44,47,48], UCSF criteria [45], MC
with simultaneous drop of serum AFP below 400 ng/ml [46], or
30-50% decrease in size of HCC nodule(s) [29,34].

Treatments used for downstaging included a higher preva-
lence of TACE alone [29,34,43,44,48], with a few studies reporting
multimodal procedures [45-47] or transarterial chemoinfusion
[37]. Only 2 prospective studies established a priori upper numer-
ical and dimensional limits of HCC, before entering the downstag-
ing protocol [45,46].

The average number of neo-adjuvant treatments ranges
between 1 and 5, the successful downstaging rate ranges
between 24% and 75%, the proportion of patients transplanted
ranges between 10% and 67%, the average waiting time to LT
ranges between 2 and 10.9 months, the post-LT patient survival
rate ranges between 41% at 4 years and 93.8% at 5 years, the
recurrence-free survival rate ranges between 40% at 5 years and
92% at 2 years (with 4 studies having a <3 year survival esti-
mate), and intention-to-treat survival ranges between 19% and
84% at 3 years (with 3 studies not reporting intention-to-treat
survival) [29,34,37,43-48,57-59].

During the Zurich conference, these initial and varying results
of downstaging formed the basis upon which LT was strongly
indicated if the expected 5-year survival is comparable to that
of HCC patients who meet the criteria for LT without requiring
downstaging, while no recommendation could be made for pre-
ferring a specific locoregional therapy for downstaging [10].

Can the effect of neo-adjuvant treatments be used to balance
priority of HCC and non-HCC candidates?

One important aspect related to locoregional treatments in
potential candidates to LT is the definition of how the response
to bridge therapies might impact on WL priority, especially vs.
non-HCC patients, in an era of persistent scarcity of organ donors.

Allocation rules for patients with HCC, waiting for LT under
the MELD-based policy, are still a difficult issue in continuous
evolution. Since March 2005, the UNOS policy states that patients
with a T1-HCC do not receive extra MELD points whereas a MELD
score of 22 is given to patients with a T2-HCC [60,61].

The UNOS priority for HCC patients was based on the replace-
ment of the native MELD score, assessing the risk of death due to
liver failure, by an estimation of the risk of tumoral progression.
However, HCC patients appear to be advantaged in the current
system, the role of bridge therapies in modifying both dropout
rates due to tumor progression and priority policy still needs to
be clarified, and the question is raised as to whether added prior-
ity is necessary [62].

In fact, the current HCC policy does not seem to adhere to the
general principles for liver allocation adopted with the introduc-
tion of the MELD score: HCC patients still have better access to
the liver transplant donor pool compared with non-HCC patients
and local WL HCC treatments are not taken into account [62,63].
For these reasons, the development of a more dynamic score has
been highly endorsed, including the role of bridge therapies [63].

Three studies reported in Table 1 appear to address these
issues [39-41]. A first report from De Giorgio and colleagues in
2010 suggested that response to bridge therapies can predict
tumor progression beyond the MC, and should be taken into
account in models designed to prioritize organ allocation. The
authors applied a center-specific allocation policy for 206 HCC
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Table 1. Numerically most relevant single-center series reporting both neo-adjuvant treatments used and factors affecting at least one of the main outcome measures
before or after LT (response to neo-adjuvant treatment, dropout rate from the waiting list, post-transplant survival, HCC recurrence, and intention-to-treat survival).

Author NAT Bridging Indicators of a worse outcome
[Refl] (No. of patients)
Downstagipg No response Dropout from WL Survival after LT HCC recurrence ITT survival
(No. of patients)  to NAT after LT
Herrero, TACE, RFA, Bridging (47) n.a. n.a. Stage IV HCC Stage IV HCC n.a.
2001 [28] PEI, none
Graziadei, TACE Bridging (48) n.a. n.a. Downstaging n.a. Downstaging
2003 [29] Downstaging* (15)
Yao, TACE, RFA, Bridging (70) n.a. 23 nodules, n.a. n.a. n.a.
2003 [30] PEI, resection, 1 nodule >3 cm
none No NAT
Hayashi, TACE Bridging (20) n.a. None None None n.a.
2004 [31]
Fisher, TACE, TACI, Bridging (33) n.a. AFP >400 ng/ml n.a. n.a. n.a.
2004 [32] RFA, PEI T3 tumor stage
Bilobar HCC
Maddala, TACE Bridging (54) Multiple nodules None n.a. None n.a.
2004 [33]
Mazzaferro, RFA Bridging (50) Tumor size >3 cm n.a. n.a. n.a. n.a.
2004 [4]
Lu, RFA Bridging (24) Tumor size >2.5cm  n.a. n.a. n.a. n.a.
2005 [49] Perivascular location
Pompili, RFA, PEI Bridging (40) Tumor size >3 cm n.a. n.a. n.a. n.a.
2006 [50]
Otto, TACE Bridging (34) n.a. n.a. n.a. No response to NAT n.a.
2006 [34] Downstaging* (62) Number of nodules
Poor differentiation
Porrett, TACE, RFA, Bridging (64) None n.a. No response to NAT None n.a.
2006 [35] PEI, TARE,
none
Millonig, TACE Bridging (101) n.a. No response to NAT No response to NAT Out MC No response
2007 [3] Downstaging* (15) Downstaging Downstaging Downstaging to NAT
AFP** >11 ng/ml Downstaging
AFP** >11
ng/ml
Huo, TACE, RFA, Bridging (390) n.a. NAT not including n.a. n.a. n.a.
2008 [36] PAI, PEI RFA
Tumor stage
De Luna, TACI Bridging (95) Out MC Older age None None None
2009 [37] Downstaging* (27)
Vibert, TACE, RFA, Bridging (153) n.a. n.a. 23 nodules Age >60 yr n.a.
20107 [38]  cryoablation, Downstaging* AFP progression 23 nodules
resection, none (not specified) >15 ng/ml/month Out MC
AFP progression
>15 ng/ml/month
De Giorgio, TACE, RFA, Bridging (170) Tumor stage Ascites n.a. n.a. n.a.
20108 [39] PEI, resection, Total tumor
none diameter
No response to NAT
Vitale, TACE, RFA, Bridging (110) No HCV infection No response to NAT None No response to NAT No response

20108 [40]

Cucchetti,
2011 [41]

Ciccarelli,
2012 [42]

PEI, resection,
none

TACE, RFA,
PEI, resection,
none

TACE, RFA,
PEI, resection,
none

Elevated AFP
Tumor size
Tumor stage
No NAT

Downstaging* (37) Elevated bilirubin

Bridging (262) TACE vs. others MELD score HCV infection
Downstaging (53) Multiple nodules Tumor stage MVI

AFP** >400 ng/ml No NAT

Downstaging No response to NAT
Bridging (120) n.a. n.a. n.a.

Downstaging* (17)

Tumor size

Tumor number
Out MC

MVI

Poor differentiation

No response to NAT

MVI

Tumor number >3
AFP** 2400 ng/ml
No NAT

MVI

ALA for rejection

to NAT

No response
to NAT

n.a.
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HCC, hepatocellular carcinoma; NAT, neo-adjuvant treatments; WL, waiting list; LT, liver transplantation; ITT, intention-to-treat; TACE, transarterial chemoembolization;
RFA, radiofrequency ablation; PEI, percutaneous ethanol injection; n.a., not assessed; TACI, transarterial chemoinfusion; AFP, alpha-fetoprotein; TARE, transarterial
radioembolization; MC, Milan criteria; PAI, percutaneous acetic acid injection; HCV, hepatitis C virus; MVI, microvascular invasion; ALA, antilymphocytic antibodies.

“In these studies, the inclusion criterion for downstaging was simply defined as HCC initially outside MC or University of San Francisco Criteria, without further
specification, except the study by Vitale et al. [40], in which poor tumor differentiation detected by pre-LT biopsy was an additional exclusion criterion.

**In these studies, AFP at the moment of diagnosis of HCC was considered.

“In this study, only AFP-secreting HCCs were considered, patients dropped out were excluded, and factors related to recurrence-free survival instead of HCC recurrence were

investigated.

8In this study, the time to progression beyond the MC or death was considered instead of the dropout rate.

331n this study, dropout criteria included poorly differentiated HCC at pre-LT biopsy.

candidates (T1: 31 patients, T2: 175 patients) and compared their
observed progression rate beyond MC with the expected rate
applying the UNOS risk estimation. In the De Giorgio experience,
percutaneous ablation represented the most frequent strategy
adopted (62.8%), followed by hepatic resection (20.7%) and TACE
(14.6%). Total tumor diameter and recurrence/persistence of
tumor activity at the 6-week control after bridge therapy were
the tumor factors that significantly correlated with dropout from
the WL; unfortunately, no criteria for definition of recurrence/
persistence were provided, nor were characteristics of patients
in relationship to response to treatment. However, the
authors reported an interesting analysis showing that the current
UNOS allocation policy largely overestimates the risk of tumor
progression. They also suggested a modified allocation policy in
which T2-HCC patients received their natural MELD scores at the
time of diagnosis with 3-point increment in the MELD score at
3-month intervals and receiving 22-point MELD exception only
at the time of recurrence/persistence after bridge therapies. Even
if no data were provided about the ability of different bridge
approaches in obtaining tumor response, taken together, these
results support a potential role of bridge therapy in reducing the
dropout risk and in determining allocation priority. Finally, it
should be noted that no data were provided about the post-
transplant course in relationship to response to bridge therapy
[39].

Some answers raised by the De Giorgio study can be found in
another report published by Vitale and colleagues in the same
year [40]. In a population of 147 HCC candidates (38% outside
Milan criteria), a complete or partial response to bridge therapies
was observed in 57.8% (using RECIST criteria) of cases. Multi-
modal treatment was adopted in 24% of cases, and no significant
difference was observed between percutaneous ablation and
TACE modalities in relationship with tumor response. In particu-
lar, RFA was adopted in 64.7% of cases with complete/partial
response and in 61.3% of cases with stable/progressive disease;
TACE was adopted in 22% of cases with complete/partial response
and in 11% of cases with stable/progressive disease (p = 0.068).
Thus, no suggestions can be obtained about the optimal bridge
therapy to be adopted, but the authors showed, in a competing-
risk analysis, that the dropout probability of patients achieving
complete or partial response was significantly lower than that
of their counterpart. The authors suggested, and applied, a prior-
ity score to patients with stable/progressive disease. However,
prioritizing patients not responding to bridge therapies may
select lesions at a higher risk for recurrence after transplantation
[64]. Even if Vitale and colleagues showed that patient survival
was substantially unaffected, with a 3-year post-LT survival of
83% in patients with complete/partial response and 82% in
patients with stable/progressive disease, they obtained a 6-fold
increase in tumor recurrence after transplantation in the latter
group (from 2% to 13%; p = 0.04). Bridge therapy could reduce
the dropout risk of HCC candidates, but if a prioritization of

non-responder patients is accepted, a worsening in the post-
operative outcome could be expected [40].

The findings of the Vitale report were made more robust by a
retrospective study by Cucchetti and colleagues in 2011 [41],
designed to assess the effectiveness of bridge therapy in prevent-
ing removal from the WL for tumor progression beyond the MC
and in determining post-transplant outcomes. The study was
conducted on data from 315 candidates, and competing-risk
analysis was applied to control for transplant event.

At the 3-month control after the first bridge procedure, a com-
plete response (assessed with mRECIST criteria) was observed in
49.1% of candidates. These patients showed a significant reduc-
tion in the dropout probability at 3, 6, and 12 months after treat-
ment. The dropout probability was significantly affected by the
MELD score, the tumor stage at diagnosis, and the response to
bridge therapy.

The dropout risk for patients with T1 tumors was very similar
to the risk observed for patients with T2 tumors and a complete
response to bridge therapy (p = 0.964). Conversely, the dropout
risk for patients with T2 tumors and a partial response or no
response to bridge therapy was significantly higher than the risk
for both T1 patients (p = 0.001) and T2 patients with a complete
response (p = 0.001). The dropout risk for patients who were sub-
jected to a downstaging procedure (T3-T4a patients) was signif-
icantly higher than the risk for all T1 patients and T2 patients
with a complete response (p = 0.024) and was lower than the risk
for T2 patients with a partial response or no response to bridge
therapy (p = 0.037). The dropout risk of HCC patients with respect
to the TNM stage, the response to bridge therapy, and the down-
staging procedure is depicted in Fig. 1.

On the basis of these observations, the authors suggested that
the priority of T2-HCC candidates can be reduced after successful
bridge therapy, supporting the findings of De Giorgio and col-
leagues. Excluding hepatic resection that was related to a 4-fold
increased probability of complete tumor response, TACE was
the most frequent therapeutic strategy adopted (53.9%); percuta-
neous ablation (RFA or PEI), in combination or not with TACE,
represented 26.0% of treatments. TACE was adopted in 49.3% of
cases with complete response and in 57.9% of cases with partial
or no response (p =0.177); percutaneous ablation was adopted
in 29.2% of cases with complete response and in 23.4% of cases
with partial or no response (p =0.032). Thus, differently from
what was reported by Vitale et al. [40], patients treated with
potentially curative bridge treatments, namely resection and per-
cutaneous ablation, showed higher probabilities of achieving a
complete tumor response. Other factors determining a lower
probability of obtaining a complete response after treatment
were AFP >400 ng/ml at diagnosis, multiple nodules of HCC,
and inclusion in a downstaging protocol.

Focusing the analysis on transplanted patients, the authors
found that patients with partial or no response to bridge thera-
pies experienced a significantly higher recurrence-rate after
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Dropout probability (%) >

01 2 3 4 5 6 7 8
Months after listing
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Months after listing
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Patient at risk (No.) Atentry 3-month 6-month 12-month
Al T1 40 33 28 19
T2 complete response 105 93 81 51
T2 partial/no response 117 100 85 45
Downstaging 53 43 39 16

Fig. 1. Competing risk analysis of dropout from the waiting list depending on
TNM stage, downstaging procedure, and response to neo-adjuvant therapy.
(A) T1 patients and T2 patients with a complete response to neo-adjuvant
treatments had similar dropout risks, which were lower than the risk observed for
T2 patients with a partial response or no response. (B) T1 patients and T2 patients
with a complete response had a dropout risk lower than that observed for
patients subjected to downstaging, whose risk was in turn lower than that
observed for T2 patients with a partial response or no response. (C) The dropout
risk due to tumor progression is shown according to tumor stages and responses
to treatments (p = 0.001). (Cucchetti et al. [41] reprinted with permission).

transplant (5-year recurrence rate = 19.4% vs. 5.5% of the counter-
part). The second factor affecting a lower recurrence-free survival
was the presence of tumor microvascular invasion.

Patients with partial or no response to neo-adjuvant treat-
ments had a non-significantly lower patient survival (p = 0.098),
which was mainly influenced by HCV positivity and presence of
microvascular invasion at histology. Conversely to what was con-
cluded by Vitale in 2010, response to treatment was not sug-
gested as a tool to give further priority to HCC patients, but to
reduce it in selected T2-HCC patients. Concerning HCV-HCC
patients, one consequence of this policy is that when a complete
viral and tumor response is obtained after treatment, their prob-
ability of being transplanted becomes so low that they could be
maintained inactive in the WL, with LT as an option in the case
of future recurrent disease.

In general, and while waiting for more accurate molecular
markers, the response to pre-LT treatments could represent a sur-
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rogate but extremely practical marker of tumor biology and could
be helpful in the selection of candidates for LT. Especially in the
case of patients with aggressive HCC (i.e., those at the upper limit
of MC or UCSF criteria, or those with high or increasing levels of
AFP), the test of time (3 months of observation after a locore-
gional treatment and subsequent re-staging) would be helpful
in selecting HCC candidates at acceptable risk of HCC recurrence
after LT. Importantly, this “ablate and wait” strategy [65] appears
to be a valid approach also for balancing the priority to HCC or
non-HCC patients on the waiting list.

Depending on the waiting time and the characteristics of the
population on the list, each institution must calculate the most
equitable policy for its patients. Periodical reassessment of the
policy is also recommendable to avoid imbalance among
candidates.

A continuous score incorporating MELD, AFP and tumor size
may help prioritize HCC patients to better equate dropout rates
with non-HCC patients and equalize access according to the
above mentioned study by Washburn et al. [53,62].

In a very recent study based on the Scientific Registry of
Transplant Recipients and including almost 50,000 adult candi-
dates for LT, Toso et al. [66] demonstrated that the risk of dropout
of HCC patients was independently predicted by MELD score, HCC
size, HCC number, and AFP. They applied a proportional hazard
competitive risk model, and by combining patient age and diag-
nosis, these factors allowed for the extrapolation of the risk of
dropout. Since this model and MELD did not share compatible
scales, a correlation between both models was computed accord-
ing to the predicted risk of dropout, and dropout equivalent
MELD (deMELD) points were calculated. The new and very com-
plex formula is as follows:

deMELD = —25 + 0.1 x Age + 1.6 « MELD
+ 1.6 x TumorSize + 1.3 x LogAFP
+ 6.0 if Nb Tumors > 2
+ 0 if Diag = HCV
—1 if Diag = HBC
+ 3 if Diag = Alcohol
+ 3 if Diag = NASH
+ 1 if Diag = Hemoc
+ 1 if Diag = Other.

The use of continuous variables, the evaluation of HCC and
non-HCC patients with uniform criteria, and the “dynamic” con-
cept of the revised MELD are the major advancements related to
this equation. In particular, deMELD can be recalculated at any
time and has the ability to capture changes of the risk of dropout
from the WL, for example as a consequence of neo-adjuvant
treatments. In this perspective, lesions with complete radiologi-
cal response should not be counted as nodules, while those with
partial or absent response should be considered with their max-
imum baseline diameter.

By applying this formula, the authors demonstrated that the
current 22 points allocated to T2 patients in the US represent
too many exception points, so that 95.2% of T2 HCC patients
are unfairly advantaged as compared with the deMELD.

Are there new molecular markers for a better estimation of
tumor biological behavior and/or response to treatment?

Serum markers such as AFP or protein induced by vitamin K
absence or antagonism factor II increase predictive accuracy if
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used in addition to morphological features of HCC [46,67-69],
probably because they are reliable indicators of tumor biology,
including microvascular invasion and tumor grade.

New specific molecular signatures or markers in HCC or in the
adjacent hepatic tissue have been shown to correlate with out-
come and to predict the risk of tumor recurrence after treatment
[70]. Among these factors, epithelial cell adhesion molecule
(EpCAM) [71,72], the g3-proliferation subclass [73], the expres-
sion status of the miR-26 miRNA precursor [74], two gene prog-
nostic signature in non-tumor hepatic tissue [75,76], and
fractional allelic imbalance have been described [77]. These
molecular markers could be assessed in patients undergoing
locoregional treatments in order to predict the risk of dropout
and tumor recurrence after LT [18]. However, they require exter-
nal validation before they can be used in the clinical practice.

Conclusions

According to the present evidence, the following concepts should
be applied for the use of neo-adjuvant treatments in candidates
for LT for HCC:

(1) Arecent consensus conference established that neo-adjuvant
treatments are indicated in patients considered for LT if the
waiting time for LT is expected to be longer than 6 months.
However, the widespread policy of treating most patients
in the WL, especially those at risk of tumor progression,
seems justified given the often unpredictable waiting time
for LT and the opportunity to use the response to therapy
as a prioritization parameter (see also conclusion 4).
The response to treatments should be evaluated with mRE-
CIST criteria and through a 3-month periodical reassess-
ment, including radiological imaging and serum AFP
sampling.
(3) The type of locoregional treatment should include TACE
and standard ablation techniques (RFA, PEI), to be chosen
according to the BCLC scoring system; ablation techniques
can be applied laparoscopically, if permitted by the degree
of liver function; liver resection can be used as bridging or
downstaging procedure in BCLC 0-A stages in experienced
centers; other procedures (TACE-DEB, TARE, radiotherapy,
microwave ablation, cryoablation, and irreversible electro-
poration), though promising, should still be considered
under investigation.

Neo-adjuvant treatments, especially if applied as multi-

modal approach, have the 3 main purposes of (A) effec-

tively controlling HCC for expected long waiting times;

(B) identifying patients with high or low probability of

cancer progression; (C) based on these risk categories,

helping in balancing the priority of HCC and non-HCC-can-
didates through revised additional scores for HCC.

Due to the low number of prospective studies with well-

defined entry criteria and the high variability of results,

the role of downstaging is still to be defined with large,
multicenter trials.

(6) Although new molecular markers for a better estimation of
tumor biological behavior and/or response to treatment
have been investigated with promising results, at present,
they cannot be translated into a routine use in clinical
practice.

(2

—

(4

=

(5

=

Financial support

This work was in part supported by funds of the “RFO - Ricerca
Fondamentale Orientata” of the University of Bologna, Italy.

Conflict of interest

The authors declared that they do not have anything to disclose
regarding funding or conflict of interest with respect to this
manuscript.

References

[1] El-Serag HB, Davila JA, Petersen NJ, McGlynn KA. The continuing increase in
the incidence of hepatocellular carcinoma in the United States: an update.
Ann Intern Med 2003;139:817-823.

[2] IARC. Available from http://www-dep.iarc.fr/; 2011 (accessed 20.06.12).

[3] Millonig G, Graziadei IW, Freund MC, Jaschke W, Stadlmann S, Ladurner R,

et al. Response to preoperative chemoembolization correlates with outcome

after liver transplantation in patients with hepatocellular carcinoma. Liver

Transpl 2007;13:272-279.

Mazzaferro V, Battiston C, Perrone S, Pulvirenti A, Regalia E, Romito R, et al.

Radiofrequency ablation of small hepatocellular carcinoma in cirrhotic

patients awaiting liver transplantation: a prospective study. Ann Surg

2004;240:900-909.

Lencioni R, Cioni D, Crocetti L, Franchini C, Pina CD, Lera ], et al. Early-stage

hepatocellular carcinoma in patients with cirrhosis: long-term results of

percutaneous  image-guided radiofrequency  ablation.  Radiology
2005;234:961-967.

Del Gaudio M, Ercolani G, Ravaioli M, Cescon M, Lauro A, Vivarelli M, et al.

Liver transplantation for recurrent hepatocellular carcinoma on cirrhosis

after liver resection: University of Bologna experience. Am | Transplant

2008;8:1177-1185.

Golfieri R, Cappelli A, Cucchetti A, Piscaglia F, Carpenzano M, Peri E, et al.

Efficacy of selective transarterial chemoembolization in inducing tumor

necrosis in small (<5cm) hepatocellular carcinomas. Hepatology

2011;53:1580-1589.

Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F, et al.

Liver transplantation for the treatment of small hepatocellular carcinomas in

patients with cirrhosis. N Engl ] Med 1996;334:693-699.

[9] Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A, et al. Liver
transplantation for hepatocellular carcinoma: expansion of the tumour size
limits does not adversely impact survival. Hepatology 2001;33:1394-1403.

[10] Clavien PA, Lesurtel M, Bossuyt PMM, Gores GJ, Langer B, Perrier A, et al.
Recommendations for liver transplantation for hepatocellular carcinoma: an
international consensus conference report. Lancet Oncol 2012;13:e11-e22.

[11] Llovet JM, Mas X, Aponte J], Fuster J, Navasa M, Christensen E, et al. Cost
effectiveness of adjuvant therapy for hepatocellular carcinoma during the
waiting list for liver transplantation. Gut 2002;50:123-128.

[12] Majno P, Giostra E, Mentha G. Management of hepatocellular carcinoma on
the waiting list before liver transplantation: time for controlled trials? Liver
Transpl 2007;13:527-S35.

[13] Majno PE, Lencioni R, Mornex F, Girard N, Poon RT, Cherqui D. Is treatment of
HCC on the waiting list necessary? Liver Transpl 2011;17:598-S108.

[14] Aloia TA, Adam R, Samuel D, Azoulay D, Castaing D. A decision analysis
model identifies the interval of efficacy for transarterial chemoembolization
[TACE] in cirrhotic patients with hepatocellular carcinoma awaiting liver
transplantation. ] Gastrointest Surg 2007;11:1328-1332.

[15] Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepato-
cellular carcinoma. Sem Liv Dis 2010;30:52-60.

[16] Llovet JM, Di Bisceglie AM, Bruix ], Kramer BS, Lencioni R, Zhu AX, et al. Panel
of experts in HCC-design clinical trials. Design and endpoints of clinical trials
in hepatocellular carcinoma. J Natl Cancer Inst 2008;100:698-711.

[17] Bruix J, Sherman M. Practice Guidelines Committee, American Association
for the Study of Liver Diseases. Management of hepatocellular carcinoma.
Hepatology 2005;42:1208-1236.

[18] Llovet JM, Ducreux M, Lencioni R, Di Bisceglie AM, Galle PR, Dufour JF, et al.
EASL-EORTC clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2012;56:908-943.

(4

(5

[6

[7

(8

616 Journal of Hepatology 2013 vol. 58 | 609-618


http://www-dep.iarc.fr/

[19] Llovet JM, Bruix J. Systematic review of randomized trials for unresectable
hepatocellular carcinoma: chemoembolization improves survival. Hepatol-
ogy 2003;37:429-442.

[20] Lammer ], Malagari K, Vogl T, Pilleul F, Denys A, Watkinson A, et al.
Prospective randomised 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.

[21] Varela M, Real M, Burrel M, Forner A, Sala M, Brunet M, et al. Chemoemb-
olization of hepatocellular carcinoma with drug eluting beads: efficacy and
doxorubicin pharmacokinetics. ] Hepatol 2007;46:474-481.

[22] Raoul JL, Guyader D, Bretagne JF, Heautot JF, Duvauferrier R, Bourguet P,
et al. Prospective randomized trial of chemoembolization versus intraarte-
rial injection of '*'I-labeled-iodized oil in the treatment of hepatocellular
carcinoma. Hepatology 1997;26:1156-1161.

[23] Salem R, Lewandowski R], Mulcahy MF, Riaz A, Ryu RK, Ibrahim S, et al.
Radioembolization for hepatocellular carcinoma using Yttrium-90 micro-
spheres: a comprehensive report of long-term outcomes. Gastroenterology
2010;138:52-64.

[24] Kulik LM, Carr BI, Mulcahy MF, Lewandowski RJ, Atassi B, Ryu RK, et al.
Safety and efficacy of °°Y radiotherapy for hepatocellular carcinoma with
and without portal vein thrombosis. Hepatology 2008;47:71-81.

[25] Hilgard P, Hamami M, Fouly AE, Scherag A, Miiller S, Ertle ], et al.
Radioembolization with yttrium-90 glass microspheres in hepatocellular
carcinoma: European experience on safety and long-term survival. Hepa-
tology 2010;52:1741-1749.

[26] Ben-Josef E, Normolle D, Ensminger WD, Walker S, Tatro D, Ten Haken RK,
et al. Phase II trial of high-dose conformal radiation therapy with concurrent
hepatic artery floxuridine for unresectable intrahepatic malignancies. ] Clin
Oncol 2005;23:8739-8747.

[27] Majno PE, Adam R, Bismuth H, Castaing D, Ariche A, Krissat ], et al. Influence
of preoperative transarterial lipiodol chemoembolization on resection and
transplantation for hepatocellular carcinoma in patients with cirrhosis. Ann
Surg 1997;226:688-701.

[28] Herrero ]I, Sangro B, Quiroga ], Pardo F, Herraiz M, Cienfuegos JA, et al.
Influence of tumor characteristics on the outcome of liver transplantation
among patients with liver cirrhosis and hepatocellular carcinoma. Liver
Transpl 2001;7:631-636.

[29] Graziadei IW, Sandmueller H, Waldenberger P, Koenigsrainer A, Nachbaur K,
Jaschke W, 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.

[30] Yao FY, Bass NM, Nikolai B, Merriman R, Davern TJ, Kerlan R, et al. A follow-
up analysis of the pattern and predictors of dropout from the waiting list for
liver transplantation in patients with hepatocellular carcinoma: implications
for the current organ allocation policy. Liver Transpl 2003;9:684-692.

[31] Hayashi PH, Ludkowski M, Forman LM, Osgood M, Johnson S, Kugelmas M,
et al. Hepatic artery chemoembolization for hepatocellular carcinoma in
patients listed for liver transplantation. Am ] Transplant 2004;4:782-787.

[32] Fisher RA, Maluf D, Cotterell AH, Stravitz T, Wolfe L, Luketic V, et al. Non-
resective ablation therapy for hepatocellular carcinoma: effectiveness
measured by intention-to-treat and dropout from liver transplant waiting
list. Clin Transplant 2004;18:502-512.

[33] Maddala YK, Stadheim L, Andrews JC, Burgart LJ, Rosen CB, Kremers WK,
et al. Drop-out rates of patients with hepatocellular cancer listed for liver
transplantation: outcome with chemoembolization. Liver Transpl
2004;10:449-455.

[34] Otto G, Herber S, Heise M, Lohse AW, Monch C, Bittinger F, et al. Response to
transarterial chemoembolization as a biological selection criterion for liver
transplantation in hepatocellular carcinoma. Liver Transpl 2006;12:
1260-1267.

[35] Porrett PM, Paterman H, Rosen M, Sonnad S, Soulen M, Markmann JF, et al.
Lack of benefit of pretransplant locoregional hepatic therapy for hepatocel-
lular carcinoma in the current MELD era. Liver Transpl 2006;12:665-673.

[36] Huo TI, Huang YH, Su CW, Lin HC, Chiang JH, Chiou YY, et al. Validation of the
HCC-MELD for dropout probability in patients with small hepatocellular
carcinoma undergoing locoregional therapy. Clin Transplant 2008;22:
469-475.

[37] De Luna W, Sze DY, Ahmed A, Ha BY, Ayoub W, Keeffe EB, et al. Transarterial
chemoinfusion for hepatocellular carcinoma as downstaging therapy and a
bridge toward liver transplantation. Am ] Transplant 2009;9:1158-1168.

[38] Vibert E, Azoulay D, Hoti E, lacopinelli S, Samuel D, Salloum C, et al.
Progression of alphafetoprotein before liver transplantation for hepatocel-
lular carcinoma in cirrhotic patients: a critical factor. Am ] Transplant
2010;10:129-137.

JOURNAL OF HEPATOLOGY

[39] De Giorgio M, Vezzoli S, Cohen E, Armellini E, Luca MG, Verga G, et al.
Prediction of progression-free survival in patients presenting with hepato-
cellular carcinoma within the Milan criteria. Liver Transpl 2010;16:503-512.

[40] Vitale A, D’Amico F, Frigo AC, Grigoletto F, Brolese A, Zanus G, et al. Response
to therapy as a criterion for awarding priority to patients with hepatocellular
carcinoma awaiting liver transplantation. Ann Surg Oncol 2010;17:
2290-2302.

[41] Cucchetti A, Cescon M, Bigonzi E, Piscaglia F, Golfieri R, Ercolani G, et al.
Priority of candidates with hepatocellular carcinoma awaiting liver trans-
plantation can be reduced after successful bridge therapy. Liver Transpl
2011;17:1344-1354.

[42] Ciccarelli O, Lai Q, Goffette P, Finet P, De Reyck C, Roggen F, et al. Liver
transplantation for hepatocellular cancer: UCL experience in 137 adult
cirrhotic patients. Alpha-foetoprotein level and locoregional treatment as
refined selection criteria. Transpl Int 2012;25:867-875.

[43] Roayaie S, Frischer JS, Emre SH, Fishbein TM, Sheiner PA, Sung M, et al. Long-
term results with multimodal adjuvant therapy and liver transplantation for
the treatment of hepatocellular carcinomas larger than 5 centimeters. Ann
Surg 2002;235:533-539.

[44] Chapman WC, Majella Doyle MB, Stuart JE, Vachharajani N, Crippin ]S,
Anderson CD, et al. Outcomes of neoadjuvant transarterial chemoemboliza-
tion to downstage hepatocellular carcinoma before liver transplantation.
Ann Surg 2008;248:617-625.

[45] Yao FY, Kerlan Jr RK, Hirose R, Davern 3rd TJ, Bass NM, Feng S, et al. Excellent
outcome following down-staging of hepatocellular carcinoma prior to liver
transplantation: an intention-to-treat analysis. Hepatology 2008;48:
819-827.

[46] Ravaioli M, Grazi GL, Piscaglia F, Trevisani F, Cescon M, Ercolani G, et al. Liver
transplantation for hepatocellular carcinoma: results of down-staging in
patients initially outside the Milan selection criteria. Am ] Transplant
2008;8:2547-2557.

[47] Lewandowski R], Kulik LM, Riaz A, Senthilnathan S, Mulcahy MF, Ryu RK,
et al. A comparative analysis of transarterial downstaging for hepatocellular
carcinoma: chemoembolization versus radioembolization. Am J Transplant
2009;9:1920-1928.

[48] Jang JW, You CR, Kim CW, Bae SH, Yoon SK, Yoo YK, et al. Benefit of
downstaging hepatocellular carcinoma in a liver transplant population.
Aliment Pharmacol Ther 2010;31:415-423.

[49] Lu DS, Yu NC, Raman SS, Limanond P, Lassman C, Murray K, et al.
Radiofrequancy ablation of hepatocellular carcinoma: treatment success as
defined by histologic examination of the explanted liver. Radiology 2005;
234:954-960.

[50] Pompili M, Mirante VG, Rondinara G, Fassati LR, Piscaglia F, Agnes S, et al.
Percutaneous ablation procedures in cirrhotic patients with hepatocellular
carcinoma submitted to liver transplantation: assessment of efficacy at
explant analysis and safety for tumor recurrence. Liver Transpl 2005;11:
1117-1126.

[51] Decaens T, Roudot-Thoraval F, Bresson-Hadni S, Meyer C, Gugenheim ],
Durand F, et al. Impact of pretransplantation transarterial chemoemboliza-
tion on survival and recurrence after liver transplantation for hepatocellular
carcinoma. Liver Transpl 2005;11:767-775.

[52] Llovet JM, Fuster ], Bruix J. Intention-to-treat analysis of surgical treatment
for early hepatocellular carcinoma: resection versus transplantation. Hepa-
tology 1999;30:1434-1440.

[53] Washburn K, Edwards E, Harper A, Freeman R. Hepatocellular carcinoma
patients are advantaged in the current liver transplant allocation system.
Am ] Transplant 2010;10:1643-1648.

[54] Pelletier SJ, Fu S, Thyagarajan V, Romero-Marrero C, Batheja MJ, Punch ]D,
et al. An intention-to-treat analysis of liver transplantation for hepatocel-
lular carcinoma using organ procurement transplant network data. Liver
Transpl 2009;15:859-868.

[55] Lesurtel M, Miillhaupt B, Pestalozzi BC, Pfammatter T, Clavien PA. Transar-
terial chemoembolization as a bridge to liver transplantation for hepatocel-
lular carcinoma: an evidence-based analysis. Am ] Transplant 2006;6:
2644-2650.

[56] Freeman Jr RB, Steffick DE, Guidinger MK, Farmer DG, Berg CL, Merion RM.
Liver and intestine transplantation in the United States, 1997-2006. Am ]
Transplant 2008;8:958-976.

[57] Schwartz M, Roayaie S, Uva P. Treatment of HCC in patients awaiting liver
transplantation. Am ] Transplant 2007;7:1875-1881.

[58] Fujiki M, Aucejo F, Kim R. General overview of neo-adjuvant therapy fro
hepatocellular carcinoma before liver transplantation: necessity of option?
Liver Int 2011;31:1081-1089.

[59] Toso C, Mentha G, Kneteman NM, Majno P. The place of downstaging for
hepatocellular carcinoma. ] Hepatol 2010;52:930-936.

Journal of Hepatology 2013 vol. 58 | 609-618 617

Frontiers in Liver

Transplantation



Frontiers in Liver

Transplantation

Frontiers in Liver Transplantation

[60] Freeman RB, Mithoefer A, Ruthazer R, Nguyen K, Schore A, Harper A, et al.
Optimizing staging for hepatocellular carcinoma before liver transplanta-
tion: a retrospective analysis of the UNOS/OPTN database. Liver Transpl
2006;12:1504-1511.

[61] UNOS/OPTN. Modifications to policy 3.6.4.4 (Liver candidates with hepato-
cellular carcinoma). 3.6. Allocation of Livers. Last access on 01 July 2009.
Available from http://www.unos.org/PoliciesandBylaws2/policies/docs/
policy8.doc.

[62] Freeman RB, Edwards EB, Harper AM. Waiting list removal rates among
patients with chronic and malignant liver diseases. Am ] Transplant
2006;6:1416-1421.

[63] Pomfret EA, Washburn K, Wald C, Nalesnik MA, Douglas D, Russo M, et al.
Report of a national conference on liver allocation in patients with hepatocel-
lular carcinoma in the United States. Liver Transpl 2010;16:262-278.

[64] Cucchetti A, Cescon M, Bertuzzo V, Bigonzi E, Ercolani G, Morelli MC, et al.
Can the dropout risk of candidates with hepatocellular carcinoma pre-
dict survival after liver transplantation? Am ] Transplant 2011;11:
1696-1704.

[65] Roberts JP, Venook A, Kerlan R, Yao F. Hepatocellular carcinoma: ablate and
wait versus rapid transplantation. Liver Transpl 2010;16:925-929.

[66] Toso C, Dupuis-Lozeron E, Majno P, Berney T, Kneteman NM, Perneger T,
et al. A model for dropout assessment of candidates with or without
hepatocellular carcinoma on a common liver transplant waiting list.
Hepatology 2012;56:149-156.

[67] Toso C, Asthana S, Bigam DL, Shapiro AM, Kneteman NM. Reassessing
selection criteria prior to liver transplantation for hepatocellular carcinoma
utilizing the Scientific Registry of Transplant Recipients database. Hepatol-
ogy 2009;49:832-838.

[68] Hasegawa K, Imamura H, Ijichi M, Matsuyama Y, Sano K, Sugawara Y, et al.
Inclusion of tumor markers improves the correlation of the Milan criteria
with vascular invasion and tumor cell differentiation in patients with

hepatocellular carcinoma undergoing liver resection (#JGSU-D-07-00462). ]
Gastrointest Surg 2008;12:858-866.

[69] Kim HS, Park JW, Jang JS, Kim HJ, Shin WG, Kim KH, et al. Prognostic values of
alpha-fetoprotein and protein induced by vitamin K absence or antagonist-II
in hepatitis B virus-related hepatocellular carcinoma: a prospective study. ]
Clin Gastroenterol 2009;43:482-488.

[70] Llovet JM, Paradis V, Kudo M, Zucman-Rossi J. Tissue biomarkers as
predictors of outcome and selection of transplant candidates with hepato-
cellular carcinoma. Liver Transpl 2011;17:567-S71.

[71] Yamashita T, Forgues M, Wang W, Kim JW, Ye Q, Jia H, et al. EpCAM and
alpha-fetoprotein expression defines novel prognostic subtypes of hepato-
cellular carcinoma. Cancer Res 2008;68:1451-1461.

[72] Yamashita T, Ji J, Budhu A, Forgues M, Yang W, Wang HY, et al. EpCAM-
positive hepatocellular carcinoma cells are tumor-initiating cells with stem/
progenitor cell features. Gastroenterology 2009;136:1012-1024.

[73] Boyault S, Rickman DS, De Reyniés A, Balabaud C, Rebouissou S, Jeannot E,
et al. Transcriptome classification of HCC is related to gene alterations and to
new therapeutic targets. Hepatology 2007;45:42-52.

[74] Ji ], Shi ], Budhu A, Yu Z, Forgues M, Roessler S, et al. MicroRNA expression,
survival, and response to interferon in liver cancer. N Engl ] Med
2009;361:1437-1447.

[75] Hoshida Y, Villanueva A, Kobayashi M, Peix J, Chiang DY, Camargo A, et al.
Gene expression in fixed tissues and outcome in hepatocellular carcinoma. N
Engl ] Med 2008;359:1995-2004.

[76] Budhu A, Forgues M, Ye QH, Jia HL, He P, Zanetti KA, et al. Prediction of
venous metastases, recurrence, and prognosis in hepatocellular carcinoma
based on a unique immune response signature of the liver microenviron-
ment. Cancer Cell 2006;10:99-111.

[77] Schwartz M, Dvorchik I, Roayaie S, Fiel MI, Finkelstein S, Marsh JW, et al.
Liver transplantation for hepatocellular carcinoma: extension of indications
based on molecular markers. ] Hepatol 2008;49:581-588.

618 Journal of Hepatology 2013 vol. 58 | 609-618


http://www.unos.org/PoliciesandBylaws2/policies/docs/policy8.doc
http://www.unos.org/PoliciesandBylaws2/policies/docs/policy8.doc

	Hepatocellular carcinoma locoregional therapies for patients�in the waiting list. Impact on transplantability and recurrence rate
	Introduction
	Are neo-adjuvant locoregional treatments indicated inpatients listed for LT?
	How should response to locoregional treatments beevaluated?
	Which types of locoregional treatment are available forpatients considered for LT?
	Which is the best neo-adjuvant treatment in patientsconsidered for LT?
	Which are the patient or tumor characteristics related to anunsuccessful neo-adjuvant therapy, a higher dropout rate, anda worse post-LT outcome?
	Conclusions
	Financial support
	Conflict of interest
	References


