European Review for Medical and Pharmacological Sciences 2017; 21: 3421-3435

Multimodal oncological approach in patients
affected by recurrent hepatocellular carcinoma
after liver transplantation

G.P. GUERRINI', M. BERRETTA?, G. TARANTINO', P. MAGISTRI'?,
A. PECCHI*, R. BALLARIN', F. DI BENEDETTOQO'

'Hepato-Pancreato-Biliary Surgery and Liver Transplantation Unit, University of Modena and

Reggio Emilia, Modena, Italy

2Department of Medical Oncology A, National Cancer Institute of Aviano, Aviano (PN), Italy
3Department of Medical and Surgical Sciences and Translational Medicine, Sapienza University of

Rome, Rome, Italy

‘Department of Radiology, University of Modena and Reggio Emilia, Modena, Italy

Abstract. - OBJECTIVE: Hepatocellular Car-
cinoma (HCC) represents the fifth most common
malignancy and the third cancer-related cause
of death worldwide. Liver transplantation (LT)
is an excellent treatment for patients with small
HCC associated with cirrhosis. The purpose of
this review is to investigate the possible strat-
egies for the treatment of HCC recurrence after
LT based on current clinical evidence.

MATERIALS AND METHODS: A systematic
literature search was performed independently
by two of the authors using PubMed, EMBASE,
Scopus and the Cochrane Library Central. The
search was limited to studies in humans and to
those reported in the English language.

RESULTS: Thanks to the introduction of strict
selection criteria, LT for HCC has achieved a
survival rate of 85% at five years. However,
the recurrence of HCC after transplantation re-
mains a serious problem that affects about 20%
of post-transplant cases. While most recurrenc-
es occur within the first 2 years, late recurrenc-
es have been described. The prognosis of re-
currence is poor despite nhumerous proposals
of the therapeutic option. Lower levels of immu-
nosuppressive therapy and use of mammalian
targets of rapamycin (mTORs) is a potential pre-
ventive strategy to reduce HCC recurrence post-
Lt. Surgical resection and locoregional thera-
pies (mainly TACE and RFA) play a very import-
ant role and are associated with improved sur-
vival. Conversely, multikinase inhibitors such as
Sorafenib and their association with mTOR in-
hibitors play a role in cases of advanced HCC
recurrence not suitable for the surgical or abla-
tive approach.

CONCLUSIONS: Treating HCC recurrence is
a multidisciplinary workup involving hepatolo-
gists, surgeons, oncologists and radiologists in
order to offer a patient-tailored therapy.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common cancer worldwide, with an esti-
mated incidence of one million cases per year?;
being highly malignant, it is the third most com-
mon cause of cancer mortality, accounting for ap-
proximately 600,000 deaths annually worldwide,
about 9.2% of cancer deaths**.

The incidence of HCC seems to grow gradually
because new cases are expected due to patients’
long-term chronic viral hepatitis. Furthermore, it
is estimated that the increase in patients with obe-
sity and, consequently, nonalcoholic fatty liver
disease (NAFLD) incidence, can be responsible
of novel cases of HCC®. Moreover, a crucial role
of the HIV TAT protein to drive hepatocarcino-
genesis in patients with virus- or alcohol-medi-
ated cirrhosis®’. The etiological causes of this
cancer are manifold, namely viral, inflammatory
and genetic. It is well-known that hepatitis B
virus (HBV), hepatitis C virus (HCV), alcohol
abuse, and NAFLD are the major risk factors for
hepatocarcinogenesis®. The surgical management
proposed for the treatment of HCC in early stage
varies from ablative therapies, liver resection,
and liver transplantation. The choice of one of
these therapies varies depending on both liver
function and the number of neoplastic nodules.
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Surgical resection is the treatment of choice for
patients with compensated liver function without
evidence of cirrhosis’. However, hepatic resection
is only suitable in a small number of patients with
HCC because of impaired hepatic reserve and,
frequently, a condition of multifocal disease at the
time of diagnosis'’. In the case of cirrhosis (Child-
Pugh class B and C) and multiple nodules, liver
transplantation is the only option available'-'2.
Liver transplantation (LT) is a treatment that
works at two levels: oncological and pathophysio-
logical. Total hepatectomy during transplantation
is certainly the most radical cancer treatment
since it removes all the tumor foci, along with any
satellite nodules and dysplastic foci, with the wid-
est margin possible. From a pathophysiological
point of view, LT restores the normal portal flow
overcoming all the negative consequences of por-
tal hypertension. However, the application of this
ideal technique is severely limited by the lack of
organs and by the disease progression in the wait-
ing-list. In fact, the international guidelines have
limited the application of liver transplantation
in patients with HCC with an expected 5-year
survival greater than 50% or with an expected
survival at five years equal to that of transplants
performed for benign disease.

The initial experiences of liver transplanta-
tion for HCC were disappointing; these poor
results were related to an inadequate selection
of patients for transplantation. In 1996, Mazza-
ferro et al"® published a study of great scientific
importance: in a selected cohort of 48 patients
they demonstrated a 4-year survival of 85% and
a post-transplant recurrence of 8% through the
use of restrictive selection criteria, subsequently
called Milan criteria (a solitary lesion < 5 cm or
multiple lesions no more than three in number,
none of which are larger than 3 cm in the absence
of macrovascular invasion and metastasis).

Other researches have confirmed these prom-
ising results, and the criteria have therefore been
adopted by most centers and used by United
Network for Organ Sharing (UNOS) as the
principles of selection of patients on the waiting

list for transplantation for HCC. In UNOS the
staging classification of HCC is further divided
into stage T1 and T2 where T1 identifies a single
tumor < 2 cm and T2 a single tumor measuring
2 to 5 cm or 2/3 nodules each equal to or less
than 3 cm in size.

Recent studies suggest that these criteria could
be expanded without significantly impacting
long-term served. In 2000, Yao et al'*!* proposed
a modest expansion of the criteria. The transplan-
tation team in San Francisco reported 88% 5-year
recurrence-free survival in a cohort of patients
whose liver explant presented one tumor mea-
suring <6.5 cm or two to three nodules with the
largest lesion measuring <4.5 cm, and a total tu-
mor diameter of <8 cm, defining them as the San
Francisco (UCSF) criteria. A multicenter analysis
of 1556 patients with HCC'®, of whom 1112 ex-
ceeded Milan Criteria, has led to the definition
of the “up to seven” criteria (with seven as the
sum of the size of the largest tumor [in cm] and
the number of the tumors); within this extended
criteria, patients can achieve a 5-year survival of
70% (Table 1).

All the aforementioned criteria described
in the literature are based on morphological
criteria (size and number) of tumor nodules at
imaging, not always corresponding to the actu-
al pathological results'”'®, Furthermore, many
authors consider these criteria as inaccurate
surrogates of the biological behavior of the
tumor. Currently, the microvascular invasion
is considered the most accurate predictor of
post-LT tumor recurrence”. Unfortunately, this
parameter has no practical use since it can only
be known on histological analysis of the ex-
planted liver. On the other hand, the tumor size
and the number of nodules positively correlate
with microvascular invasion?’.

The allocation of organs based on the MELD
model (model for end stage liver disease) that
assesses the likelihood of risk of death on the
waiting list was adopted in the United States by
United Network for Organ Sharing (UNOS) in
200223, This model was applied to patients on

Table I. Selection criteria for liver transplantation in patients with HCC.

Selection criteria of liver transplantation for HCC

Milan Criteria
UCSF criteria
Up-to-seven criteria

1 tumor < 5 ¢m or a maximum of 3 tumors each <3 cm
1 tumor < 6.5 cm or max. 3 tumor nodules each < 4.5 cm and sum of tumor diameters < 8 cm
Sum of maximal tumor diameter and number of tumor nodules <7

HCC, hepatocellular carcinoma; UCSF, University of California at San Francisco.
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the waiting list and with HCC, although many
authors consider it inadequate because the risk of
tumor progression over the criteria of transplant-
ability is greater than the risk of death during
the time on the waiting list. Therefore, in the US
patients with HCC are prioritized by assigning
an additional score to compete with others suf-
fering from non-neoplastic diseases. However, it
has been estimated that the proportion of patients
transplanted for HCC has increased by about six
times?*. In 2005, due to the increase in the num-
ber of patients transplanted for HCC, and given
that the risk of neoplastic progression while on
the waiting list appeared lower than previously
calculated UNOS determined that patients with
T1 HCC no longer receive extra MELD points,
while T2 HCC patients receive 22 extra Meld
points®.

HCC recurrence after liver transplant is es-
timated to show up in 5% to 30% of cases and
occurs more frequently in the two years following
transplantation®®?’. The management of this dis-
ease contemplates various treatment modalities:
surgical liver resection, ablative therapies, immu-
nosuppression and target tyrosine kinase inhibi-
tor. Few studies on the management of post-trans-
plant recurrence of HCC have been performed.
The purpose of this review is to summarize the
strongest clinical evidence in the treatment of
HCC recurrence in LT patients.

Materials and Methods

Literature Search

A systematic literature search was performed
independently by two of the manuscript’s authors
using PubMed, EMBASE, Scopus and the Co-
chrane Library Central. The search was limited
to studies in humans and to those reported in the
English language. No restrictions were set for the
type of publication. Participants of any age and
sex who underwent treatments for hepatocellular
carcinoma recurrence after liver transplantation
were included in this study.

The following MESH search headings were
used: “hepatocellular carcinoma” OR “hcc” OR
“hepatoma” AND “recurrence” AND “TACE”
OR “radiofrequency ablation” OR “pei” OR “mi-
crowave” OR “radioembolization” OR “local
treatment” OR “surgery” OR “resection” OR
“hepatectomy” OR “Sorafenib”. An extensive
crosschecking of the reference lists of all re-
trieved articles that fulfilled the inclusion criteria

was performed to enrich the search. For all of
the databases, the last search was run on June
1, 2016.

Study Selection

The same two authors screened the titles and
abstracts of the primary studies that were iden-
tified in the electronic search. The following
criteria were adopted for inclusion in this review:
(1) Studies on treatment of HCC recurrence after
liver transplantation, (2) Studies comparing the
outcomes of different treatments; (3) Studies re-
porting at least one perioperative outcome; and
(4) If more than one study was reported by the
same institute, only the most recent or the highest
quality study was included.

The following exclusion criteria were set: (1)
Studies focusing on HCC recurrence without
liver transplantation; (2) Studies in which it was
impossible to retrieve or calculate data of interest.

The main data were extracted as follows: (1)
First author, year of publication and study type;
(2) Number and characteristics of patients and
(3) Treatment outcomes including hospital stay,
mortality rate, recurrence rate, S-year overall
survival and 5-year disease free survival. All
relevant texts, tables, and figures were reviewed
for data extraction and, whenever further infor-
mation was required, the corresponding authors
of the papers were contacted by e-mail.

Discrepancies between the two reviewers were
resolved by consensus discussion or with the
opinion of the Senior Author (FDB).

Results
Strategies to Prevent HCC Recurrence

Characteristic Features of Recurrence

Tumor recurrence is the most important cause
of death in patients with HCC undergoing trans-
plantation, occurring in 5 to 30% of cases. The
recurrence of HCC after liver transplantation
remains an open issue because, despite the strict
criteria of selection, it has a considerable effect
on survival*%,

Post-LT recurrence typically occurs in 80%
of cases within two years, although very late
recurrences have been described at 5 years. A
recent systematic review that included 61 studies
showed that the average rate of recurrence post-
LT was 16%. The median time to recurrence after
transplantation was 13 months (range 2-138). 51%
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of LTs were classified as outside of Milan Crite-
ria at pathological staging. The overall median
survival after HCC recurrence was 12.97 months
(range 0.1-112.5)*.

HCC metastasis typically involves the liver
graft, lung, bone, abdominal lymph nodes, adre-
nal glands and also the peritoneum in order of de-
creasing frequency. Multiorgan and extrahepatic
metastases are common (up to 50-70%), while in-
trahepatic metastases account for less than 30%.
The latter also have a better prognosis because
they can be treated with ablative therapies or sur-
gery with radical intent®'.

Recurrence of HCC after liver resection gen-
erally involves different mechanisms: inadequate
resection margins (positive margin R1), intrahe-
patic hematogenous tumor cell spread, de novo
HCC (multifocal HCC or dysplastic nodules) in
the background of cirrhosis. However, the situ-
ation appears different in the transplant setting.
Molecular biology researches demonstrated that
perioperative or intraoperative hematogenous
spread is the most important pathway. Although
lymphatic metastases and peritoneal spread have
been described, it has been suggested that cir-
culating tumor cells reach the graft through the
hematogenous route, which represents a positive
environment for cell growth, through specific
adhesion molecules (homing pattern)*3,

Prognostic factors of recurrence after trans-
plantation have been extensively studied and have
been used over time to select patients for liver
transplantation. In addition to the known char-
acteristics of tumor volume (size and number of
neoplastic nodules), tumor differentiation, vas-
cular invasion and biochemical markers such as
a-fetoprotein (AFP) and Des-y-carboxyprothrom-
bin (DEC) are important prognostic factors®*.
Integrated prognostic models have been proposed
in order to predict the behavior of HCC after
transplantation, but none of them is truly able to
identify the risk accurately*>*°.

Currently, the microvascular invasion is con-
sidered the most accurate predictor of post-LT
tumor recurrence. Unfortunately, this parameter
has no practical use since it can only be known
on histological analysis of the explanted liver.
On the other hand, tumor size and number of
nodules positively correlated with microvascular
invasion. Several reports have shown that the size
and the number of tumor nodules have a negative
prognostic effect on survival post-LT¥. In the
Metroticket study'®, the risk of tumor recurrence
increased proportionally and linearly with the in-
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creasing tumor diameter, while the risk of tumor
recurrence increased with the increasing number
of nodules, until it reaches a plateau (non-linear
behavior). Toso et al*® suggested that patients with
a total tumor volume of fewer than 115 ¢cm?® and
AFP levels lower than 400 ng/mL had satisfacto-
ry post-transplant survivals.

It was observed that tumor differentiation is an
independent predictor of tumor recurrence, which
is also inversely correlated with vascular inva-
sion®. The tumor grading represents a direct in-
dicator of biological aggressiveness of the disease
and is probably one of the most accurate prognos-
tic indicators of recurrence. For this reason, many
authors have suggested performing a biopsy pre-
LT in order to assess the histological grade*. This
approach is controversial: some studies indicate
a low level of accuracy in the evaluation of the
grading through the biopsy, although some of
these have often been conducted in patients with
large tumors, where the great histological hetero-
geneity of these lesions is known. The application
of the tumor biopsy pre-LT for tumor differentia-
tion grade has been limited up to now by a num-
ber of factors, including the risk of needle track
seeding and its inaccuracy when performed prior
to transplantation*'. Saborido et al*? reported that
a significantly higher chance of HCC recurrence
came from fine needle aspiration biopsy before
LT (31% vs. 5.9%, p = 0.003). In addition, this risk
appears quite limited when one considers the po-
tential benefit of knowing this information prior
to transplantation. Moreover, in a recent French
study it was shown that preoperative tumor biop-
sy does not affect the oncologic outcomes of pa-
tients with transplantable HCC; therefore, there is
currently no indication to restrict liver biopsy in
doubtful situations®. According to the diagnostic
algorithm of the American Association for the
Study of Liver Diseases (AASLD), the diagnosis
of HCC is considered reliable when the tumor
characteristics were concordant with the two
imaging techniques, while the tumor biopsy was
confined to doubtful cases, i.e. nodules without
arterial enhancement (hypervascularity) or no
wash-out in tardive phase.

In a meta-analysis of 9 studies for a total of
1198 patients, a significant correlation between
vascular invasion, not well-differentiated HCC,
tumor size > 5 cm, HCC exceeding the Milan
criteria, and HCC recurrence post-transplant was
shown**.

However, understanding the interaction and
interdependence between the tumor size, degree



HCC recurrence after OLT

of differentiation, and microvascular invasion is
complex. Since not all cases of recurrence are
always related to size or to differentiation, new
gene markers that accurately predict tumor biolo-
gy are needed in order to select patients in a more
accurate fashion®-,

The molecular profile of HCC is a promising
but still very expensive approach, and it remains
a field of experimental research in predicting
HCC recurrence. In a cohort of HCC patients
treated with hepatic resection or liver transplant,
three clusters of micro RNAs were identified*’*5.
microRNAs (miRNAs) have been proposed as a
prognostic predictor in HCC as well. miRNAs
play vital roles in mediating the expression of
proteins by regulating the transcription or deg-
radation of target mRNAs. In HCC, a number
of miRNAs have been associated with survival
or response to chemotherapy such as Sorafenib
or doxorubicin**. However, tumor recurrence-re-
lated microRNAs (miRNAs) in hepatocellular
carcinoma (HCC) following LT are not clear
yet. A recent study*’ suggesting a different miR-
NA expression pattern between HCC samples
of patients with recurrence and those without
recurrence proposed that this six-miRNA sig-
nature may serve as a biomarker for prognosis
of HCC patients following LT.

Chen et al*® identified miR-203 as a novel
prognostic marker in HCC patients who have un-
dergone LT (n = 66). Indeed, in their study, it was
found that miR-203 expression was low in tumor
tissues of patients (n = 16) with post-LT HCC
ecurrence in comparison with those in patients
without recurrence (n = 50; p = 0.003).

Management of HCC on the Liver
Transplant Waiting List

HCC patients awaiting transplant are referred
to loco-regional treatments (mainly trans-arterial
chemoembolization or radiofrequency ablation)
in order to prevent the risk of tumor progression.
As a matter of fact, drop-out for neoplastic pro-
gression is the most common cause of de-listing
in patients with HCC. While the purpose of
“bridging” therapy is to prevent the progres-
sion of the tumor, downstaging protocols aim
to reduce the tumor mass within the transplant
criteria®'>.

The loco-regional treatments used with in-
creasing frequency prior to transplantation in-
clude percutaneous injection of ethanol (PEI) or
acetic acid (PAI), radiofrequency ablation (RFA),
trans-arterial embolization (TAE) or trans-arte-

rial chemoembolization (TACE), and radiation
radioactive microspheres®*%,

The function of these techniques is to induce
necrosis of the tumor while preserving the
surrounding healthy liver parenchyma. RFA
under ultrasound was applied in the treatment
of HCC, not amenable of liver resection or
transplantation.

RFA causes tumor necrosis, and it can be
performed percutaneously, or via laparotomy or
laparoscopy. Its effectiveness is greater in treat-
ing nodules under 3 cm of diameter away from
the portal vessels, whereas larger tumors require
multiple applications. The main limitation is the
partial effectiveness of this technique when the
tumor is nearby large vessels, in the case of sub-
capsular nodules or in the vicinity of intestinal
loops. However, PEI, microwave ablation (MWA)
and RFA represent the three most widely used
ablative techniques for the treatment of HCC less
than 5 cm in diameter and/or with less than 3
tumoral lesions %,

TACE is the standard of care for patients with
preserved liver function and asymptomatic, non-
invasive multinodular hepatocellular carcinoma
(HCC) confined to the liver®.

It has a dual mechanism: (1) occluding the
vascular branches that feed the tumor and (2)
conveying cytotoxic agent inside the tumor. The
principle is based on the fact that HCC needs a
vascular blood circulation for its growth.

Several studies have shown the efficacy of
TACE in preventing tumor progression and drop-
out in HCC patients on the waiting list. Other
groups®®-%* argued that the response to TACE will
need to better select candidates for LT.

In a study by Kim et al®®, one hundred
seventy-three patients underwent TACE and
imaging to assess response prior to LT. Five-
year HCC recurrence rate was 5.3% in pa-
tients responding to TACE, vs. 17.6% among
patients who did not respond (p=0.014). In a
multivariate analysis, independent predictors
of recurrence pre-LT were the response to
TACE and the largest radiologic size of the
tumor (> 3 cm vs. < 3 cm).

Selected patients with HCC (stage III and IV)
who are not candidates for transplantation can be
“downstaged” through the use of neoadjuvant lo-
co-regional therapy within Milan criteria in order
to be transplanted. However, transplant benefits
in patients undergoing downstaging must be bal-
anced with the risk of removing organs to patients
on the waiting list>66:7,

3425



G.P. Guerrini, M. Berretta, G. Tarantino, P. Magistri, A. Pecchi, R. Ballarin, F. Di Benedetto

In a retrospective analysis from San Francisco
University of 168 patients, a survival benefit was
observed in patients with T2 or T3 HCC who
received preoperative loco-regional therapy. The
S-year recurrence free survival was 94% in 85
patients, whereas patients who did not receive
pre-LT ablation had a 5-year recurrence free sur-
vival rate of 81% (p = 0.049). The treatment ben-
efit, according to 5-year recurrence-free survival,
appeared greater for pathologic T3 (85.9% vs.
51.4%; p = 0.05) than T2 HCC (96.4% vs. 87.1%;
p = 0.12)%.

As recently highlighted by our group, the
complete absence of HCC at explanted liver
after loco-regional therapies is associated with
a good post-transplant survival and a reduction
in the rate of HCC recurrence. In our study,
fifty-three (25.2%) patients did not show any ev-
idence of active residual HCC in the native liver
(Group NVH), whereas 157 (74.8%) patients
showed viable HCC (Group VH) after loco-re-
gional therapy. HCC recurrence occurred in
none of the patients in the Group NVH (0%) and
the 25 (15.9%) patients in Group VH (p = 0.003).
The results of multivariate analysis showed that
existence of HCC pathologic findings outside
the University of California-San Francisco cri-
teria (p = 0.001) and the presence of viable HCC
(p = 0.003) were independently associated with
HCC recurrence®.

Treatment for HCC Recurrence After LT

Surgery and Ablative Therapy

While treating HCC is now well coded in the
pre-transplant setting with therapeutic diagnostic
algorithms, in which the extent of the tumor and
the conditions in the underlying hepatic function
guide therapeutic choices, the literature contains
few reports regarding the treatment of post-trans-
plant recurrence’ "2

The multifactorial nature of tumor recurrence
is the main limiting factor in surgical therapy”.
A radical oncological resection is only possible in
well-selected cases, as the majority of recurrenc-
es are metastatic and extrahepatic™. Theoretical-
ly, all therapeutic modalities used in the treatment
of HCC can be applied in the treatment of HCC
recurrence after transplantation. Although HCC
recurrence is considered a systemic disease, ag-
gressive treatment is generally reserved for pa-
tients with limited recurrence and with good liver
function”. However, transplant patients are con-
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sidered complex because they are immunocom-
promised by immunosuppressive therapy to treat
rejection, at risk of developing infections and de
novo neoplasms. Interventional radiological pro-
cedures such as TACE may be more difficult due
to the presence of different vascular patterns after
LT. The patient may also have dense adhesions to
the hepatic hilum that make both dissection and
liver resection extremely complex’.

While patients with the disseminated disease
are not candidates for loco-regional treatments,
surgical approaches have been reported for the
treatment of intrahepatic metastasis or extrahepat-
ic metastases confined to a single organ’’. Hepatic
resection of metastatic HCC can be successfully
applied in selected patients’™. Liver resection for
late recurrence (> 24 months) is associated with
long-term survival. In contrast, early relapses
are associated with poor prognosis. In the study
by Valdivieso et al”, surgical resection could be
performed in 11 of 23 (42%) patients with HCC
recurrence with a survival of 32.2 months vs.
11.2 months in patients with or without surgical
resection (p < 0.001). The median time to recur-
rence was 23.4 months in patients undergoing LT
and fulfilling Milan Criteria (n = 182). However,
surgery in these patients is associated with a high
rate of mobility since it can be technically more
complex than routine procedures. Nevertheless,
when applicable, liver resection can have good
results in selected cases. As a matter of fact, the
study by Royaie et al*® identified solitary tumors
less than 5 cm, good tumor differentiation and
absence of bone metastases as prognostic factors
of good outcomes. Five patients in this work were
treated with liver resection, while 3 patients re-
ceived RFA, all for intrahepatic recurrence. Other
patients who had relapsed underwent extrahepat-
ic lung resection (7 pts), adrenalectomy (3 pts),
and resection of the chest wall (1 pt). Although
15/19 patients had a re-recurrence, the 5-year
post-transplant survival was 47%.

Resection of HCC metastasis has been vari-
ously applied in cases of lung recurrence achiev-
ing complete resections (R0). Surgery has been
accepted as the first treatment for pulmonary
metastases after LT for HCC for some time.
Studies have confirmed that surgery is effective,
and survival is reported to be between 24% and
78% at 3 years, with median survival ranging
from 21 months to 29 months. However, surgical
resection of isolated metastasis following LT for
HCC is limited to a few studies or case reports
worldwide®'#2.
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The literature contains a few anecdotal cases
of transplantation for HCC recurrence for which
each type of conclusion seems impossible®.

Radiofrequency ablation (RFA) is a well-estab-
lished treatment option applicable to cases of re-
sectable or unresectable HCC; it has been shown
that in cases of early HCC the results of RFA are
similar to those of liver resection®.

Koh et al* reported a recurrence rate of HCC
after LT of 16% (78 out of 486 patients): 15
patients underwent surgical resection and 11 pa-
tients were treated with RFA. The remaining 52
patients received conservative therapy. The 1-,
3-, and 5-y overall survival rates were 92%, 51%,
and 35% for the patients treated with surgery
and 87%, 51%, and 28% for the patients who
received RFA. Corresponding 1-, 3-, and 5-y
recurrence-free survival rates were 83%, 16%,
and 16% for the patients treated with surgery and
76%, 22%, and 0% for the patients who received
RFA, respectively. There was no significant dif-
ference in overall survival or recurrence-free
survival between the surgical resection group and
the RFA group (p = 0.879, p = 0.745),

MWA is a relatively new method of thermal
ablative technique and is an effective treatment
option for both primary and secondary liver ma-
lignancies, with survivals comparable with those
of liver resections. MWA is also gaining popu-
larity worldwide and is currently the most wide-
ly used treatment for unresectable hepatic ma-
lignancies®. With a cooled-tip electrode, MWA
produces necrotic effects comparable to RFA
without damaging soft tissues along the electrode
track. In a recent study®, 11 patients underwent
MWA for intrahepatic HCC recurrence after LT.
The MWA technique efficacy rate was 100%
after the second cycle. Local tumor progression
was identified in three cases (15.8%) at 1, 3 and
7 months after MWA. The 12 and 24 months ac-
cumulative survival rates were 30.7% and 15.3%,
respectively; the average survival time was 17.3
months (3.5-33 months).

High-intensity focused ultrasound (HIFU) ab-
lation is a relatively new and totally extracorpo-
real treatment for unresectable HCCs. Cheung
et al*” reported the outcomes of HIFU for the
treatment of HCC before liver transplantation
in 10 patients as compared to 29 patients who
received trans-arterial chemoembolization, and
found that HIFU was effective (90% had a com-
plete response, 10% a partial response), with none
of the patients on the liver transplant list (n = 5)
dropping out.

In conclusion, isolated liver metastases ac-
count for 15%-20% of patients in most series,
and represent the pattern of recurrence in
which loco-regional therapies are applicable
with success.

Trans-Arterial Chemoembolization (TACE)
- Radio-Embolization

Another potential treatment for intrahe-
patic HCC recurrence is intra-arterial therapy
with trans-catheter arterial chemoembolization
(TACE)®*®, TACE is often used as a bridge treat-
ment in patients awaiting liver transplantation,
with good results. However, repeated cycles of
TACE before transplantation can cause vascular
changes in these patients, and specific compli-
cations of LT such as anastomotic stenosis could
preclude the use of this technique®. Despite these
potential limitations, TACE is one of the most
commonly used techniques in the treatment of
HCC recurrence post-transplant”®'. It has been
shown that TACE is as effective as liver resection
in the treatment of recurrent HCC after hepa-
tectomy”. Lo et al*> demonstrated good tumor
response in patients treated with TACE; in fact,
the overall survival at 1-3 years was 57% -26% vs.
32% and 3% respectively in the TACE group vs.
the control group (p = 0.002). In the study by Ko
et al” 28 patients with HCC recurrence after liv-
ing donor LT and treated with TACE (2.5 cycles)
were evaluated for the degree of tumor response:
68% achieved a 25% reduction of tumor volume.
However, intrahepatic or extrahepatic metastases
occurred in 21 out of 28 treated patients at the
three-month follow-up, with a median survival
of nine months. In this study, 28 patients had 1-,
3-, and 5-year survival rates of 47.9% 6% and 0%
respectively, showing that the recurrence of HCC
is a disseminate disease that would be best treated
with a systemic therapy rather than loco-regional
treatment. Although this procedure by Ko et al**
was not burdened by any morbidity, other authors
demonstrated a high risk of ischemia and necrosis
of the liver after TACE.

Radiation therapy is another treatment used for
recurrence of unresectable HCC and extrahepatic
metastases, since the tumor is sensitive to radia-
tion. The improvements in radiation techniques
have allowed the application of stereotactic ap-
proach in the treatment of unresectable HCC
not amenable to locoregional treatment. Several
trials have shown good control in the rate of
tumor growth and palliation of distant metas-
tases. Yashimita et al®® explored the usefulness
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of radiotherapy in 28 patients with abdominal
lymph node metastasis. These patients received a
dose daily fractionated 2.0 of 60 Gy; a total of 18
(64%) and 5 patients (18%) achieved partial and
total responses, respectively.

Internal radiotherapy means the delivery of
Radioisotopes either percutaneously or through
trans-arterial approach. Yttrium-90 (Y90) is ap-
plied to unresectable HCC by intra-tumoral in-
jection of glass microspheres by the percutaneous
route to assess the hepatic artery. This latter
technique has in recent years gained popularity,
especially in cases of large HCC or those with
portal vein thrombosis®*®’. This approach, called
radio-embolization, is based on the different ar-
teriolar density between the hypervascular HCC
and the normal liver parenchyma. Arterially ad-
ministrated Y90 microspheres depose selectively
in tumor nodules, limiting the dose taken up by
surrounding normal liver. This technique was
proven useful for the majority of patients with
HCC as most of them present in advanced stages,
beyond potentially curative options (resection/
liver transplantation). Y-90 microspheres can be
used in large tumors with downstaging intent,
in patients with portal venous thrombosis due to
tumor invasion and as palliative therapy®”.

Immunosuppressive Therapy — mTOR

Proliferation signal inhibitors constitute a
new class of immunosuppressive drugs that be-
long to the family of mTOR inhibitors (mam-
malian Target of Rapamycin). Two drugs in this
family — Sirolimus and Everolimus — are used
for the prevention of rejection in recipients of
solid organs'*®*!”, mTOR have an antineoplastic
effect, mainly anti-proliferative and antiangio-
genic through the inhibition of tumor growth
and cell survival'®!'%_ A number of studies have
shown that the mTOR inhibitors Everolimus
and Sirolimus suppress cell proliferation and
tumor growth in animal models of HCC. It was
also demonstrated that their use is associated
with a significant reduction of the risk of cancer
de novo incidence after kidney transplantation.
mTOR inhibits the PI3K/AKT/mTOR pathway
which is altered in the process of hepatocarcino-
genesis!®. According to studies in experimental
models, the mTOR pathway appears altered in
half the cases of HCC'®.

In terms of a preventive effect after liver trans-
plantation for HCC, data from retrospective stud-
ies and non-randomized prospective analyses, in
which patients received an mTOR inhibitor with
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concomitant calcineurin inhibitor therapy, have
shown that HCC recurrence rates and overall sur-
vival may be improved compared to a standard
calcineurin inhibitor regimen'?¢-1%%,

Two recent meta-analysis!®»!'® have shown that
Sirolimus is associated with significantly low-
er HCC recurrence rates, compared with calci-
neurin inhibitor-sparing regimens (CNIS). In the
first meta-analysis including three studies with
103 patients and 129 patients on Sirolimus or
CNIS-based immunosuppression, Sirolimus was
associated with a significantly lower risk of HCC
recurrence (OR: 0.42 95% CI: 0.21-0.83, p = 0.01).
These results were confirmed in the recent me-
ta-analysis by Cholongitas et al''!, in which 3666
HCC liver transplant recipients from 42 studies
met the inclusion criteria. Patients under CNIS
developed HCC recurrence significantly more
frequently, compared with patients under mTOR
inhibitors (448/3227 or 13.8% vs. 35/439 or 8%,
p < 0.001). Patients on Everolimus had signifi-
cantly lower recurrence rates of HCC, compared
to those on Sirolimus or CNIS (4.1% vs. 10.5%
vs. 13.8%, respectively, p < 0.05), but Everolim-
us-treated recipients had a shorter follow-up pe-
riod (13 vs. 30 vs. 43.2 months, respectively) and
had more frequently been transplanted for HCC
within Milan criteria (84% vs. 60.5% vs. 74%,
respectively, p < 0.05).

Data from in vitro studies and animal mod-
els clearly demonstrate that immunosuppres-
sive therapy with CNI increases tumor growth
through various mechanisms: decrease in the
recognition of malignant cells to the immuno-
suppressive effect, increased invasiveness of can-
cer cells through reduced transforming growth
factor B, increased angiogenesis by stimulation
of vascular endothelial growth factor''>!3, Other
immunosuppressive agents such as anti-metab-
olites show little effect on the growth and cell
proliferation. Indeed, in the studies by Rodri-
guez-Peralvarez et al'*, higher exposure to calci-
neurin inhibitors within the first month after LT
(mean tacrolimus trough concentrations > 10 ng/
ml or cyclosporine trough concentrations > 300
ng/ml) was associated with increased a risk of
HCC recurrence (27.7% vs. 14.7% at 5 years; p =
0.007). High exposure to calcineurin inhibitors
was an independent predictor of HCC recurrence
by multivariate analysis, whereas HCC recur-
rence was not influenced by the use/non-use of
steroids and antimetabolites (p = 0.69 and p =
0.70 respectively), and was similar with tacrolim-
us or cyclosporine (p = 0.25).
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In the Silver Study'’, a prospective random-
ized international trial, 525 LTx recipients with
HCC were randomized 4 to 6 weeks after trans-
plantation to a group on mTOR-inhibitor-free im-
munosuppression (group A: 264 patients) or to a
Sirolimus-containing immunosuppression group
(group B: 261). Recurrence-free survival (RFS)
was 64.5% in the group A and 70.2% in the group
B, with no significant difference at study end (p
= 12:28). However, group B showed better RFS
3 years after transplantation (HR, 0.7; 95% CI,
0:48 to 1:00). Interestingly, subgroup (Milan Cri-
teria IN) analyses revealed that low-risk patients,
rather than high-risk patients, benefit more from
Sirolimus. Serious adverse event numbers were
similar in groups A (860) and B (874). Sirolimus
in LTx recipients with HCC improves RFS and
OS in the first 3 to 5 years, especially in low-risk
patients, but does not improve long- RFS term
beyond 5 years.

Moreover, co-administration of an mTOR
inhibitor could permit lower dosing of chemo-
therapeutic agents in HCC management, and
trials in the non-HCC transplant population are
exploring combined use with various agents
including Sorafenib, the vascular endothelial
growth factor inhibitor bevacizumab and con-
ventional agents!!S.

Chemotherapy-Sorafenib

Sorafenib is an oral multi-tyrosine kinase in-
hibitor exhibiting antitumor and antiangiogenic
activity (including VEGFRI1, VEGFR2, VEG-
FR3 and PDGFR-a, PDGFR-, c-KIT, Raf-1, and
BRAF); it was approved as a first-line treatment
for advanced HCC. The activation of the RAS/
mitogen-activated protein kinase pathway is com-
monly impaired pathway in the carcinogenesis of
HCC tumors and appears crucial in promoting
cell proliferation and survival of cancer cells'"!"®,

The SHARP trial', a randomized phase III
trial vs. placebo conducted in patients with met-
astatic or locally advanced HCC on cirrhosis
(Child-Pugh A), demonstrated a benefit in terms
of overall survival (10 vs. 7.9 months for Sorafenib
vs. placebo) and progression-free survival (5.5
months vs. 2.8 months). A similar overall surviv-
al benefit from Sorafenib was noted in a second
phase 3 trial, carried out in the Asia-Pacific
region, with similar entry criteria and treatment
plan. In this study, which enrolled 226 patients,
those in the Sorafenib arm had a median surviv-
al of 6.5 months compared with 4.2 months for
those on placebo (p = 0.014), respectively'?°.

To explore more targeted agents for advanced
HCC, Sunitinib and Brivanib have been inves-
tigated and compared with Sorafenib as first-
line therapy in phase III trials. Results showed
that Sunitinib and Brivanib were not superior
regarding OS. Thus, the latest National Com-
prehensive Cancer Network (NCCN) guidelines
recommended Sorafenib as the standard first-line
therapy for advanced HCC with Child-Pugh A
liver function.

Since the introduction of Sorafenib in 2008,
there has been an explosion of interest in assess-
ing its effectiveness in patients with recurrent
hepatocellular carcinoma after hepatectomy or
LT. Some groups have reported their experience
with Sorafenib in combination with m-TOR im-
munosuppression in the treatment of HCC after
transplantation'?22, A cohort study'® of 31 pa-
tients who suffered from HCC recurrence after
liver transplantation was designed to evaluate the
safety and preliminary efficacy of the combined
use of a mammalian target of rapamycin (mTOR)
inhibitor and Sorafenib. In this setting, the im-
munosuppressive therapy was changed to mTOR
inhibitors, and systemic treatment with Sorafenib
was initiated. The overall response rate accord-
ing to the Response Evaluation Criteria in Solid
Tumors was 3.8% (1/26), and there was sustained
stabilization of the disease in 13 additional cases
(50.0%). The median overall survival was 19.3
months and the median time to progression was
6.77 months (95% CI = 2.3-11.1 months). In a re-
cent study from Italy, the outcomes of Sorafenib
treatment for post-LT HCC recurrence were sig-
nificantly better than those of best medical care,
with median patient survival from recurrence:
21.3 months vs. 11.8 months, p = 0.0009; median
patient survival from untreatable presentation or
progression: 10.6 months vs. 2.2 months, p < 0.001.

The most frequent symptoms reported are
gastrointestinal (diarrhea), hand-foot skin reac-
tion, fatigue, and hypertension. Hand-foot skin
reaction, however, seems more pronounced in
transplant patients'**'?*; four cases of death re-
lated to the association of Sorafenib and mTOR
agent are reported in the literature. It is highly
desirable during treatment with Sorafenib and
mTOR immunosuppression therapy to closely
monitor liver function, kidney and bone marrow,
as well as the level of immunosuppressive drugs
to prevent potential toxic interactions. Traditional
chemotherapy has a very limited scope in HCC
as cytotoxic agents traditionally have a marginal
effect on this tumor'*.
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Conclusions

Despite careful selection of patients under-
going transplantation, HCC recurrence remains
a devastating problem that affects about 20%
of patients'”’. The prognosis is poor in most
patients since relapse generally involves mul-
tiple organs. Recurrence represents a systemic
cancer spread. Therefore, the association of
systemic therapy (Sorafenib) with the use of
mTOR inhibitors and surgical or ablative ap-
proaches should be considered. Better survival
rates are observed in patients amenable of sur-
gical or ablative therapy with radical intent for
their recurrence.

At the current state of the literature, the lack
of guidelines or strong evidence suggests that
the most effective treatment for the individu-
al patient should be built within a multidisci-
plinary team.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Ew-Serac HB. Hepatocellular carcinoma: recent
trends in the United States. Gastroenterology
2004; 127(5 Suppl 1): S27-34.

2) CasiBBO G, CRAXI A. EPIDEMIOLOGY, RISK FACTORS AND SUR-
VEILLANCE OF HEPATOCELLULAR CARCINOMA. EUR Rev MED
PHArRMmACOL Sci 2010; 14: 352-355.

3) Asrams P, MarsH JW. Current approach to hepato-
cellular carcinoma. Surg Clin North Am 2010; 90:
803-816.

4) Avtekruse SF, McGiynn KA, Reiciman ME. Hepato-
cellular carcinoma incidence, mortality, and sur-
vival trends in the United States from 1975 to
2005. J Clin Oncol 2009; 27: 1485-1491.

5) WanG Y, Li J, CHen J, Liu L, PenG Z, DiNG J, DING
K. From cirrhosis to hepatocellular carcinoma in
HCV-infected patients: genes involved in tumor
progression. Eur Rev Med Pharmacol Sci 2012;
16: 995-1000.

6) D’Amico G, TARANTINO G, BALLARIN R, SERRA V, PECCHI
AR, GuAraLDI G, D1 Benepetto F. Liver resection for
HCC in HIV-infected patients: a single center ex-
perience. WCRJ 2015; 2: e490.

7) Di Benepetto F, DE Ruvo N, BERrReTTA M, MAseTTI M,
MonTALTI R, Di Sanpro S, QuinTint C, Coperurpl M,
Tirere U, Gerunba GE. Don’t deny liver transplan-
tation to HIV patients with hepatocellular carcino-
ma in the highly active antiretroviral therapy era.
J Clin Oncol 2006; 24: e26-27.

3430

8) StarLey BQ, Carcagno CJ, Harrison SA. Nonalcohol-
ic fatty liver disease and hepatocellular carcino-
ma: a weighty connection. Hepatology 2010; 51:
1820-1832.

9) Maino P, MentHA G, GiostRA E, Terraz S, Rus-
BIA-BRANDT L, BErRNEY T, BuHLER L, Toso CH, Huser O,
SPAHR L, MoraArD I, HADENGUE A, BECKER CH, TERRIER F,
Morer P; Geneva Liver CANCER Stuby Grour. Treat-
ment of hepatocellular carcinoma at the dawn of
the third millennium: liver transplantation and its
alternatives. Acta Gastroenterol Belg 2004; 67:
206-222.

10) Bruix J, CasteLLs A, BoscH J, Feu F, Fuster J, GAr-
aa-Pagan JC, Visa J, Bru C, Ropes J. Surgical re-
section of hepatocellular carcinoma in cirrhotic
patients: prognostic value of preoperative portal
pressure. Gastroenterology 1996; 111: 1018-1022.

11) Abam R, CasTainG D, Azoutar D, Masno P, SamueL D,
BismutH H. [Indications and results of liver trans-
plantation in the treatment of hepatocellular car-
cinoma in cirrhosis]. Ann Chir 1998; 52: 547-557.

12) BismutH H, Maino PE, Abam R. Liver transplanta-
tion for hepatocellular carcinoma. Semin Liver Dis
1999; 19: 311-322.

13) Mazzarerro V, ReGALIA E, Docl R, ANDREOLA S, Pul-
VIRENTI A, BozzetTi F, MonNTALTO F, AMMATUNA M, Mo-
rRABITO A, GENNARI L. Liver transplantation for the
treatment of small hepatocellular carcinomas in
patients with cirrhosis. N Engl J Med 1996; 334:
693-699.

14) Yao FY, FerreLL L, Bass NM, WATsoN JJ, BACCHETTI P,
VEenook A, AscHer NL, Roserts JP. Liver transplan-
tation for hepatocellular carcinoma: expansion of
the tumor size limits does not adversely impact
survival. Hepatology 2001; 33: 1394-1403.

15) Yao FY, Ferrerr L, Bass NM, BaccHeTTi P, AscHer NL,
Rogerts JP. Liver transplantation for hepatocellular
carcinoma: comparison of the proposed UCSF cri-
teria with the Milan criteria and the Pittsburgh mod-
ified TNM criteria. Liver Transpl 2002; 8: 765-774.

16) Mazzarerro V, Liover JM, Miceul R, BHOORI S, ScHIA-
vo M, MARIANI L, CAMERINI T, ROAYAIE S, ScHwARTZ ME,
GRrAzI GL, Abam R, NEUHAUS P, SAuizzoni M, Bruix J,
Forner A, De Caruss L, CitLo U, BurrouaHs AK, Trol-
st R, Rossi M, GerunDA GE, Lerut J, BelgHITI J, BoIN
I, GuGenHEIM J, RocHLING F, VAN Hoek B, Maino P;
METROTICKET  INVESTIGATOR STUDY GrRoup. Predicting
survival after liver transplantation in patients with
hepatocellular carcinoma beyond the Milan crite-
ria: a retrospective, exploratory analysis. Lancet
Oncol 2009; 10: 35-43.

17) Jonas S, BecHsten WO, STEINMULLER T, HERRMANN M, RAD-
Ke C, BERG T, SETTMACHER U, NEUHAUS P. VASCULAR INVASION
AND HISTOPATHOLOGIC GRADING determine outcome after
liver transplantation for hepatocellular carcinoma in
cirrhosis. Hepatology 2001; 33: 1080-1086.

18) Piarpl T, GHeza F, Euero B, WoeHL-JAEGLE ML,
Ntourakis D, CaANnTU M, MARrzANO E, Aupbetr M, WoLF
P, Pessaux P. Number and tumor size are not suffi-
cient criteria to select patients for liver transplan-
tation for hepatocellular carcinoma. Ann Surg On-
col 2012; 19: 2020-2026.



HCC recurrence after OLT

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

EsnaoLa NF, Lauwers GY, Mirza NQ, NAGORNEY DM,
DoHerty D, Ikal I, YAMAOKA Y, REGIMBEAU JM, BELGHI-
1 J, Curtey SA, ELus LM, VautHey JN. Predictors of
microvascular invasion in patients with hepatocel-
lular carcinoma who are candidates for orthotopic
liver transplantation. J Gastrointest Surg 2002; 6:
224-232; discussion 32.

PawLik TM, DeLmAN KA, VAUTHEY JN, NAGORNEY DM,
NG 10, Ikal I, YAMAOKA Y, BELGHITI J, LAUWERs GY,
Poon RT, AspaLLa EK. Tumor size predicts vas-
cular invasion and histologic grade: Implications
for selection of surgical treatment for hepatocel-
lular carcinoma. Liver Transpl 2005; 11: 1086-
1092.

WiesNer RH, FReemaN RB, MuLuGan DC. Liver trans-
plantation for hepatocellular cancer: the impact
of the MELD allocation policy. Gastroenterology
2004; 127: S261-267.

SALA M, VAareLA M, Bruix J. Selection of candidates
with HCC for transplantation in the MELD era.
Liver Transpl 2004; 10: S4-S9.

KamatH P. A model to predict survival in patients
with end-stage liver disease. Hepatology 2001;
33: 464-470.

Freeman RB, Jr. MELD and liver allocation: contin-
uous quality improvement. Hepatology 2004; 40:
787-789.

Roavaie K, FEng S. Allocation policy for hepatocellu-
lar carcinoma in the MELD era: room for improve-
ment? Liver Transpl 2007; 13: S36-S43.

ScHutt HJ, Nerr M, WEMANN A, OLDHAFER KJ,
ScHmoLL E, Boeker K, NAsHAN B, KusickA S, MASCHEK
H, TuscH G, RAAB R, RINGE B, MANNs MP, PiICHLMAYR R.
Recurrence patterns of hepatocellular and fibrola-
mellar carcinoma after liver transplantation. J Clin
Oncol 1999; 17: 324-331.

MARrsH JW, DvoRrcHIK |, SuBoTIN M, BALAN V, RAKE-
LA J, PorecHiTELEV EP, SuBBOTIN V, CASAVILLA A,
CArr Bl, FunG JJ, Iwatsuki S. The prediction of
risk of recurrence and time to recurrence of
hepatocellular carcinoma after orthotopic liv-
er transplantation: a pilot study. Hepatology
1997; 26: 444-450.

ZIMMERMAN MA, GHoBRIAL RM, Tong MJ, HiaTT JR,
CamERON AM, HonG J, Busuttic RW. Recurrence
of hepatocellular carcinoma following liver trans-
plantation: a review of preoperative and postoper-
ative prognostic indicators. Arch Surg 2008; 143:
182-188.

PriFFER TE, SEeHOFER D, NicoLaou A, NEUHAUS R, RIESS
H, Trarre RU. Recurrent hepatocellular carcino-
ma in liver transplant recipients: parameters af-
fecting time to recurrence, treatment options and
survival in the sorafenib era. Tumori 2011; 97:
436-441.

DEANGELIS N, Lanpi F, CarRra MC, Azouray D. Man-
agements of recurrent hepatocellular carcinoma
after liver transplantation: a systematic review.
World J Gastroenterol 2015; 21: 11185-11198.

ZHENG SS, CHEN J, WANG WL, ZHANG M, SHEN Y, Wu
J, Xu X, Yan S. [Recurrence and metastasis of he-

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

patocellular carcinoma after liver transplantation:
single center experiences]. Zhonghua Wai Ke Za
Zhi 2008; 46: 1609-1613.

IkeGAMmI T, SHIMADA M, IMURA S, YosHizumi T, ARAKAWA
Y, TokuNAGA T, MoriNE Y, KanEmura H. The timing
of liver transplantation after primary hepatectomy
for hepatocellular carcinoma: a special reference
to recurrence pattern and Milan criteria. Trans-
plantation 2008; 86: 641-646.

PArFITT JR, MAROTTA P, ALgHAMDI M, WALL W/, KHAKHAR A,
Suskin NG, QuaN D, McALUSTER V, GHENT C, LEvsTikK M,
McLean C, CHAKrRABARTI S, GARcIA B, Driman DK. Recur-
rent hepatocellular carcinoma after transplantation:
use of a pathological score on explanted livers to pre-
dict recurrence. Liver Transpl 2007; 13: 543-551.

McHuGH PP, GiBerT J, VErRA S, KocH A, RANJAN D,
Gepaly R. Alpha-fetoprotein and tumour size are
associated with microvascular invasion in ex-
planted livers of patients undergoing transplanta-
tion with hepatocellular carcinoma. HPB (Oxford)
2010; 12: 56-61.

Grasso A, StigLANO R, Morisco F, MARTINES H,
QuAGLIA A, DHiLLoN AP, PatcH D, DAvibsoN BR, RoLLEs
K, BurroucHs AK. Liver transplantation and recur-
rent hepatocellular carcinoma: predictive value of
nodule size in a retrospective and explant study.
Transplantation 2006; 81: 1532-1541.

SHIMODA M, GHoBRIAL RM, Carmoby IC, ANseLmo DM,
FARMER DG, Yersiz H, CHEN P, DAwsoN S, Durazo F,
HaN S, GoubpsteiN LI, Saas S, HiatT J, BusuttiL RW.
Predictors of survival after liver transplantation for
hepatocellular carcinoma associated with Hepati-
tis C. Liver Transpl 2004; 10: 1478-1486.

Yao FY. Selection criteria for liver transplantation
in patients with hepatocellular carcinoma: beyond
tumor size and number? Liver Transpl 2006; 12:
1189-1191.

LazzarRA C, NAVARRA G, LAZzARA S, BARBERA A, SAITTA
C, RamonDO G, LatTerr S, Curro G. Does the mar-
gin width influence recurrence rate in liver sur-
gery for hepatocellular carcinoma smaller than 5
cm? Eur Rev Med Pharmacol Sci 2017; 21: 523-
529.

GuUERRINI GP, PiNELLI D, D1 BENeDETTO F, MARINI E, COR-
No V, Guizzetti M, ALUFrl A, ZAmMBELLI M, FAGiuoLl S,
LucA MG, LuaanetTi A, CoLLepan M. Predictive val-
ue of nodule size and differentiation in HCC re-
currence after liver transplantation. Surg Oncol
2016; 25: 419-428.

DecAens T, Roubpot-THORAVAL F, BADRAN H, WoLF P,
DuranD F, Abam R, BoiLLot O, VANLEMMENS C, GUGEN-
HEM J, DHARANCY S, BERNARD PH, BoubJemA K, CALMUS
Y, HarDwiGSEN J, Ducerr C, Pageaux GP, HiLLEReT MIN,
CHAzoulLLErRes O, CHeraul D, MaLLaT A, Duvoux C.
Impact of tumour differentiation to select patients
before liver transplantation for hepatocellular car-
cinoma. Liver Int 2011; 31: 792-801.

Pawuik TM, GLESNER AL, ANDERS RA, Assumpcao L,
Macey W, CHomi MA. Preoperative assessment of
hepatocellular carcinoma tumor grade using nee-
dle biopsy: implications for transplant eligibility.
Ann Surg 2007; 245: 435-442.

3431



G.P. Guerrini, M. Berretta, G. Tarantino, P. Magistri, A. Pecchi, R. Ballarin, F. Di Benedetto

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

SaBoriDo BP, Diaz JC, pe Los GALANES SJ, SEGURO-
LA CL, pe Usera MA, GARrRIDO MD, ELoLA-OLaso AM,
SANZ RG, RomErRO CJ, GARcIA GARCIA |, GoNzALEZ EM.
Does preoperative fine needle aspiration-biop-
sy produce tumor recurrence in patients follow-
ing liver transplantation for hepatocellular carci-
noma? Transplant Proc 2005; 37: 3874-3877.

Fuks D, CaucHy F, Fusco G, ParRADIS V, DUrRAND F, BEL-
GHim J. Preoperative tumour biopsy does not affect
the oncologic course of patients with transplant-
able HCC. J Hepatol 2014; 61: 589-593.

SotirorouLos GC, MoLMeNTI EP, LoscH C, BECKEBAUM
S, BroetscH CE, Lang H. Meta-analysis of tumor re-
currence after liver transplantation for hepatocel-
lular carcinoma based on 1,198 cases. Eur J Med
Res 2007; 12: 527-534.

Nakacawa H, Maepa S. Inflammation- and stress-re-
lated signaling pathways in hepatocarcinogene-
sis. World J Gastroenterol 2012; 18: 4071-4081.

ScHmipT C, MarsH JW. Molecular signature for HCC:
role in predicting outcomes after liver transplant
and selection for potential adjuvant treatment.
CurrOpinOrgan Transplant 2010; 15: 277-282.

MiNGUEZ B, HosHIDA Y, VILLANUEVA A, TofFraNIN S, Ca-
BELLOS L, THUNG S, MANDELI J, SiA D, AprriL C, FAN JB,
LACHENMAYER A, SAVIC R, ROAYAIE S, MAzzAFERRO V, BRuix
J, ScHwArTz M, FrieEbMAN SL, Liover JM. Gene-ex-
pression signature of vascular invasion in hepato-
cellular carcinoma. J Hepatol 2011; 55: 1325-1331.

Barry CT, D'Souza M, McCaLL M, SAFAbsou S, RYaN
C, KasHyar R, MARrROQUIN C, ORLOFF M, ALMUDEVAR A,
Goorrey TE. Micro RNA expression profiles as ad-
junctive data to assess the risk of hepatocellular
carcinoma recurrence after liver transplantation.
Am J Transplant 2012; 12: 428-437.

Sato F, Hatano E, Kitamura K, Myomoto A, Fusiwara T,
TakizawA S, TsucHIYA S, Tsuimoto G, Uemoto S, SHIMIZU
K. MicroRNA profile predicts recurrence after resec-
tion in patients with hepatocellular carcinoma within
the Milan Criteria. PLoS One 2011; 6: e16435.

CHEN HY, HAN ZB, Fan JW, Xia J, Wu JY, Qu GQ,
Tang HM, Penc ZH. miR-203 expression predicts
outcome after liver transplantation for hepatocel-
lular carcinoma in cirrhotic liver. Med Oncol 2012;
29: 1859-1865.

D1 BisceLiE AM. Pretransplant treatments for hepa-
tocellular carcinoma: do they improve outcomes?
Liver Transpl 2005; (11 Suppl 2): S10-S13.

Lee FT, Jr. Treatment of hepatocellular carcinoma
in cirrhosis: locoregional therapies for bridging to
liver transplant. Liver Transpl. 2007; 13: S24-S26.

Yu CY, Ou HY, HuanG TL, CHeN TY, TsAnG LL, CHEN
CL, CHeng YF. Hepatocellular carcinoma down-
staging in liver transplantation. Transplant Proc
2012; 44: 412-414.

ZARRINPAR A, KALDAS F, BusutTiL RW. Liver transplan-
tation for hepatocellular carcinoma: an update.
Hepatobiliary Pancreat Dis Int 2011; 10: 234-242.

CuccHetmi A, CescoN M, Biconzi E, PiscaGLia F, Gol-
FIERI R, ErRcoLANI G, CRISTINA MoreLLl M, RavaioLl M,
DanieLe PINNA A. Priority of candidates with hepa-

3432

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

tocellular carcinoma awaiting liver transplantation
can be reduced after successful bridge therapy.
Liver Transpl 2011; 17: 1344-1354.

Di Beneoetto F, TARANTINO G, MoONTALTI R, BALLARIN R,
D’Awmico G, Di Sanpro S, GerunbA GE. Laparoscopic ra-
diofrequency ablation in the caudate lobe for hepato-
cellular carcinoma before liver transplantation. J Lap-
aroendosc Adv Surg Tech A 2012; 22: 400-402.

Lusienski A. Hepatocellular carcinoma: interven-
tional bridging to liver transplantation. Transplan-
tation 2005; 80: S113-S119.

ScHwARTZ M, Roavae S, Uva P. Treatment of HCC
in patients awaiting liver transplantation. Am J
Transplant 2007; 7: 1875-1881.

CHAPMAN WC, MaJELLA Dovie MB, Stuart JE, VACH-
HARAJANI N, CrippIN JS, ANDERSON CD, LoweLL JA, SHE-
Nov S, DAarcy MD, Brown DB. Outcomes of neoad-
juvant transarterial chemoembolization to down-
stage hepatocellular carcinoma before liver trans-
plantation. Ann Surg 2008; 248: 617-625.

LesurTEL M, MuLLHAUPT B, PestaLozzi BC, PFAMMATTER
T, CLavien PA. Transarterial chemoembolization as
a bridge to liver transplantation for hepatocellu-
lar carcinoma: an evidence-based analysis. Am J
Transplant 2006; 6: 2644-2650.

Otmo G, Hereer S, Heise M, LoHse AW, MoncH C,
BitTinGeEr F, Horpe-LoTicHIius M, ScHUcHMANN M, Vic-
ToR A, PiTon M. Response to transarterial chemo-
embolization as a biological selection criterion for
liver transplantation in hepatocellular carcinoma.
Liver Transpl 2006; 12: 1260-1267.

PLeGUEZUELO M, MARELLI L, Misseri M, GErmANI G, CAL-
VARUSO V, XIRuocHAKIS E, MANousou P, BurrouGHs AK.
TACE versus TAE as therapy for hepatocellular
carcinoma. Expert Rev Anticancer Ther 2008; 8:
1623-1641.

Terzi E, Ray Kiv W, SANcHEz W, CHARLTON MR,
ScHMELTZER P, Gores GJ, ANDRews JC, Smyrk TC, HEeim-
BacH JK. Impact of multiple transarterial chemo-
embolization treatments on hepatocellular carci-
noma for patients awaiting liver transplantation.
Liver Transpl 2015; 21: 248-257.

ScHAUDT A, KRIENER S, ScHwARzZ W/, WuLLSTEIN C, ZAN-
Gos S, VoL T, MeHrABI A, FonouNi H, BEcHsTEIN WO,
Gouung M. Role of transarterial chemoemboli-
zation for hepatocellular carcinoma before liver
transplantation with special consideration of tu-
mor necrosis. Clin Transplant 2009; 23: 61-67.

Kim DJ, Ciark PJ, HemmBacH J, RoseN C, SANCHEZ W/,
WarT K, CHarTon MR. Recurrence of hepatocellu-
lar carcinoma: importance of mRECIST response
to chemoembolization and tumor size. Am J
Transplant 2014; 14: 1383-1390.

GorDON-WEEKs AN, SNAITH A, PeTriNnic T, FriEnD PJ,
BurLs A, Siva MA. Systematic review of outcome
of downstaging hepatocellular cancer before liver
transplantation in patients outside the Milan crite-
ria. Br J Surg 2011; 98: 1201-1208.

Toso C, MentHA G, KNeTEmAN NM, Maino P. The
place of downstaging for hepatocellular carcino-
ma. J Hepatol 2010; 52: 930-936.



HCC recurrence after OLT

68)

69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

Yao FY, Hirose R, LABErGE JM, Davern TJ 3rD, BAss
NM, Kertan RK JrR, MErRrRIMAN R, FENnG S, Freise CE,
AscHER NL, Roserts JP. A prospective study on
downstaging of hepatocellular carcinoma prior to
liver transplantation. Liver Transpl 2005; 11: 1505-
1514.

MonrTaLTi R, Mimmo A, RompiaNEst G, Di Gregorio C,
SERRA V, CAUTERO N, BALLARIN R, SPAGGIARI M, TARAN-
TINnO G, D’Amico G, DEe SANTIs M, DEe Pietri L, Troisi
RI, GerunpA GE, Di Benenetto F. Absence of viable
HCC in the native liver is an independent protec-
tive factor of tumor recurrence after liver trans-
plantation. Transplantation 2014; 97: 220-226.

ZHANG X, LI C, WEN T, Yan L, Li B, YANG J, WANG W/,
Xu M, Lu W, JianG L. Appropriate treatment strate-
gies for intrahepatic recurrence after curative re-
section of hepatocellular carcinoma initially with-
in the Milan criteria: according to the recurrence
pattern. Eur J Gastroenterol Hepatol 2015; 27:
933-940.

CHok K. Management of recurrent hepatocellular
carcinoma after liver transplant. World J Hepatol
2015; 7: 1142-1148.

KNeuerTz PJ, Cosgrove DP, CameroN AM, KAMEL IR,
GescHwinD JF, HermaN JM, Pawiik TM. Multidisci-
plinary management of recurrent hepatocellular
carcinoma following liver transplantation. J Gas-
trointest Surg 2012; 16: 874-881.

WAaNG ZY, GEnG L, ZHena SS. Current strategies for
preventing the recurrence of hepatocellular car-
cinoma after liver transplantation. Hepatobiliary
Pancreat Dis Int 2015; 14: 145-149.

DeL Gaubio M, ErcoLant G, Ravaiour M, Cescon M,
LAurRO A, VIVARELLI M, ZANELLO M, CuccHeTTI A, VE-
TRONE G, Tucl F, Ramacciato G, Grazi GL, PiINNA AD.
Liver transplantation for recurrent hepatocellular
carcinoma on cirrhosis after liver resection: Uni-
versity of Bologna experience. Am J Transplant
2008; 8: 1177-1185.

CHol GH, Kim DH, Kang CM, Kim KS, CHor JS, LEe
WJ, Kim BR. Prognostic factors and optimal treat-
ment strategy for intrahepatic nodular recurrence
after curative resection of hepatocellular carcino-
ma. Ann Surg Oncol 2008; 15: 618-629.

Kim PT, JanG JH, ATeNAFu EG, FiscHER S, GRrEiG PD,
McGiwvray ID, Wel AC, GALLINGER S, CLEArRY SP. Out-
comes after hepatic resection and subsequent
multimodal treatment of recurrence for multifocal
hepatocellular carcinoma. Br J Surg 2013; 100:
1516-1522.

KornNBERG A, KUpPER B, TANNAPFEL A, KATENKAMP K,
THrum K, HaBrecHT O, WiLBerG J. Long-term sur-
vival after recurrent hepatocellular carcinoma
in liver transplant patients: clinical patterns and
outcome variables. Eur J Surg Oncol 2010; 36:
275-280.

REGALIA E, FAssATI LR, VALENTE U, PULVIRENTI A, DAMI-
LANO |, DARDANO G, MonNTALTO F, CorPA J, MAZZAFER-
ro V. Pattern and management of recurrent he-
patocellular carcinoma after liver transplanta-
tion. J Hepatobiliary Pancreat Surg 1998; 5: 29-
34.

79)

80)

81)

82)

83)

84)

85)

86)

87)

88)

89)

VALDIVIESO A, BUSTAMANTE J, GASTACA M, URIARTE JG,
VENTOSO A, Ruiz P, FERNANDEZ JR, PiuoAN |, TESTILLANO
M, Suarez MJ, MonTtejo M, OrTiz bE URrsINA J. Man-
agement of hepatocellular carcinoma recurrence
after liver transplantation. Transplant Proc 2010;
42: 660-662.

Roavaie S, ScHwArRTz JD, SunGg MW/, EmRe SH, MILLER
CM, GonbpoLesi GE, Kriecer NR, ScHwartz ME. Re-
currence of hepatocellular carcinoma after liver
transplant: patterns and prognosis. Liver Trans-
pl 2004; 10: 534-540.

Hwana S, Kim YH, Kim DK, Aun CS, Moon DB, Kim
KH, HA TY, Song GW, Jung DH, Kim HR, Park GC,
NAmGoonNG JM, Yoon SY, JunGg SW, Park SI, Lee SG.
Resection of pulmonary metastases from hepa-
tocellular carcinoma following liver transplanta-
tion. World J Surg 2012; 36: 1592-1602.

HaN KN, Kim YT, Yoon JH, SuH KS, Sona JY, KanG
CH, Suncg SW, Kiv JH. Role of surgical resec-
tion for pulmonary metastasis of hepatocel-
lular carcinoma. Lung Cancer 2010; 70: 295-
300.

N’KontcHou G, Aout M, LAURENT A, NaHON P,
GANNE-CARRIE N, GrRANDO V, BAGHAD I, RouLot D,
TrincHET JC, SeLLier N, CHeraul D, Vicaut E, Beau-
GRAND M, Seror O. Survival after radiofrequency
ablation and salvage transplantation in patients
with hepatocellular carcinoma and Child-Pugh A
cirrhosis. J Hepatol 2012; 56: 160-166.

Kon PS, CHAN AC, CHeEunG TT, CHok KS, Dal WC,
Poon RT, Lo CM. Efficacy of radiofrequency ab-
lation compared with transarterial chemoembo-
lization for the treatment of recurrent hepatocel-
lular carcinoma: a comparative survival anal-
ysis. HPB (Oxford). 2015 Oct 16. doi: 10.1111/
hpb.12495. [Epub ahead of print].

ZHANG XG, ZHANG ZL, Hu SY, Wanc YL. Ultra-
sound-guided ablative therapy for hepatic malig-
nancies: a comparison of the therapeutic effects
of microwave and radiofrequency ablation. Acta
Chir Belg 2014; 114: 40-45.

ZHAl H, LiaNnG P, Yu XL, CHENG Z, HAN ZY, Liu F, Yu
J. Microwave ablation in treating intrahepatic re-
currence of hepatocellular carcinoma after liv-
er transplantation: An analysis of 11 cases. Int J
Hyperthermia 2015; 31: 863-868.

CHEUNG TT, PoonN RT, Jenkins CR, CHu FS, CHok KS,
CHAN AC, TsanGg SH, Dal WC, Yau TC, CHAN SC,
Fan ST, Lo CM. Survival analysis of high-inten-
sity focused ultrasound therapy vs. transarterial
chemoembolization for unresectable hepatocel-
lular carcinomas. Liver Int 2014; 34: e136-143.

RAMMOHAN A, SATHYANESAN J, RAMAswAMI S, LAKsH-
MANAN A, SENTHIL-KUMAR P, SRINIVASAN UP, RAMASAMY
R, RavicHANDRAN P. Embolization of liver tumors:
past, present and future. World J Radiol 2012; 4:
405-412.

CHAN AO, YueN MF, Hui CK, Tso WK, Lai CL. A pro-
spective study regarding the complications of
transcatheter intraarterial lipiodol chemoemboli-
zation in patients with hepatocellular carcinoma.
Cancer 2002; 94: 1747-1752.

3433



G.P. Guerrini, M. Berretta, G. Tarantino, P. Magistri, A. Pecchi, R. Ballarin, F. Di Benedetto

90)

91)

92)

93)

94)

95)

96)

97)

98)

99)

NicoLint D, SveGLiaTI-BArRONI G, CANDELARI R, MINCAR-
eLLl C, MANDOLESI A, BEARzI |, MoccHEGIANI F, VECcHI
A, MoNTALTI R, BENEDETTI A, RisauTi A, VIVARELLI M.
Doxorubicin-eluting bead vs conventional tran-
scatheter arterial chemoembolization for hepa-
tocellular carcinoma before liver transplantation.
World J Gastroenterol 2013; 19: 5622-5632.

Di Benepetrto F, Di Sanpro S, D’Amico G, DEe SAN-
mis M, GerunpA GE. Role of chemoembolization
as a rescue treatment for recurrence of resect-
ed hepatoblastoma in adult patients. Surg Innov
2011; 18: 136-140.

Lo CM, NaGan H, Tso WK, Liu CL, Lam CM, PoonN
RT, Fan ST, Wong J. Randomized controlled tri-
al of transarterial lipiodol chemoembolization for
unresectable hepatocellular carcinoma. Hepa-
tology 2002; 35: 1164-1671.

Ko HK, Ko GY, Yoon HK, Sunc KB. Tumor re-
sponse to transcatheter arterial chemoemboliza-
tion in recurrent hepatocellular carcinoma after
living donor liver transplantation. Korean J Radi-
ol 2007; 8: 320-327.

Kiv HR, CHeoN SH, RHA SY, Lee S, HAN KH, CHon CY,
Lee JD, Suna JS, CHunG HC. Treatment of recurrent
hepatocellular carcinoma after liver transplanta-
tion. Asia Pac J Clin Oncol 2011; 7: 258-269.

YAmASHITA H, NAKAGAWA K, SHIRAISHI K, TAGO M, IGAKI
H, NAkAmMURA N, Sasano N, SiNA S, OMATA M, OHTO-
mo K. Radiotherapy for lymph node metastases
in patients with hepatocellular carcinoma: retro-
spective study. J Gastroenterol Hepatol 2007;
22: 523-527.

RIVERA L, GiAP H, MiLLEr W, FisHER J, HiLLEBRAND DJ,
MarsH C, ScHAFFER RL. Hepatic intra-arterial infu-
sion of yttrium-90 microspheres in the treatment
of recurrent hepatocellular carcinoma after liver
transplantation: a case report. World J Gastro-
enterol 2006; 12: 5729-5732.

CHiesa C, MAaccauro M, Romito R, Sprearico C, PEL-
Lizzarl S, NeGri A, Sposito C, Morosi C, CiveLul E, La-
NociTA R, CAMERINI T, Bampo C, BHoORI S, SEREGNI E,
MARCHIANO A, MAazzarerro V, BomBArDIERI E. Need,
feasibility and convenience of dosimetric treat-
ment planning in liver selective internal radiation
therapy with (90)Y microspheres: the experience
of the National Tumor Institute of Milan. Q J Nu-
cl Med Mol Imaging 2011; 55: 168-197.

SALEM R, LEwanpowski RJ, Kutik L, WANG E, Riaz A,
Ryu RK, Sato KT, Guprta R, NikoLAipis P, MiLLER FH,
YAGHMAI V, IBRAHIM SM, SENTHILNATHAN S, BAKER T,
GAaTes VL, Atassi B, NEwmaN S, MeEmonN K, CHEN R,
VoGELZANG RL, Nemcek AA, ResNick SA, CHRISMAN
HB, Carr J, OmMARY RA, ABecassis M, Benson AB
3rp, MutcaHy MF. Radioembolization results in
longer time-to-progression and reduced toxici-
ty compared with chemoembolization in patients
with hepatocellular carcinoma. Gastroenterolo-
gy 2011; 140: 497-507 e2.

VILGRAIN V, ABDEL-REHIM M, SIBERT A, RoNOT M, LEBTAHI
R, Castera L, CHATELLIER G; SARAH TriAL Grour. Ra-
dioembolisation with yttrium90 microspheres ver-
sus sorafenib for treatment of advanced hepato-

3434

100)

101)

102)

103)

104)

105)

106)

107)

108)

109)

cellular carcinoma (SARAH): study protocol for a
randomised controlled trial. Trials 2014; 15: 474.

D1 BenepeTto F, Di SANDRO S, DE Ruvo N, MASETTI
M, MonNTALTI R, RomANO A, GUERRINI GP, BALLARIN R,
De Brasis MG, Gerunpa GE.Sirolimus monothera-
py in liver transplantation. Transplant Proc 2007;
39: 1930-1932.

TARANTINO G, MAGISTRI P, BALLARIN R, Di FRANCIA R,
BerreTTA M, D1 Benepetto F. Oncological impact of
M-Tor inhibitor immunosuppressive therapy af-
ter liver transplantation for hepatocellular carci-
noma: review of the literature. Front Pharmacol
2016; 7: 387.

AsHwortH RE, Wu J. Mammalian target of rapa-
mycin inhibition in hepatocellular carcinoma.
World J Hepatol 2014; 6: 776-782.

ScHeLLER T, HELLERBRAND C, Moser C, ScHmiDT K, Kro-
EMER A, BRUNNER SM, ScHutT HJ, Geisster EK, LANG
SA. mTOR inhibition improves fibroblast growth
factor receptor targeting in hepatocellular carci-
noma. Br J Cancer 2015; 112: 841-850.

MATTER MS, DEecaAens T, ANDERSEN JB, THORGEIRSSON
SS. Targeting the mTOR pathway in hepatocellu-
lar carcinoma: current state and future trends. J
Hepatol. 2014; 60: 855-865.

Lee KW, Seo YD, On SC, Sun SW, Jeong J, Kim H,
Yi NJ, Sun KS. What is the best immunosuppres-
sant combination in terms of antitumor effect in
hepatocellular carcinoma? Hepatol Res 2016;
46: 593-600.

RoAT E, DE Biasi S, BERTONCELLI L, RomMPIANESI G, NA-
st M, GiBeLLiNI L, PINTi M, DEeL GiovaNE C, ZANELLA A,
D1 BenepetTo F, GERUNDA GE, CossArizza A. Immu-
nological advantages of everolimus versus cyc-
losporin A in liver-transplanted recipients, as re-
vealed by polychromatic flow cytometry. Cytom-
etry A 2012; 81: 303-311.

CHoLonaITas E, ANToNiaDis N, Gouuss |, Fouzas |,
Vasitapis T, Akriviabis E, PapanikoLaou V. Renal
function improvement in liver transplant recipi-
ents after early everolimus conversion: A clini-
cal practice cohort study in Spain. Liver Transpl
2016; 22: 132-133.

ScHNITzBAUER AA, ZUelke C, GraeB C, RocHon J, Bil-
BAO I, BURRA P, DE JonG KP, Duvoux C, KNETEMAN
NM, Apbam R, BecHsteIN WO, Becker T, BeckeBaum S,
CHazouliLLeres O, Citto U, ColLlebaN M, FANDRicH F,
GuGeNHEIM J, Hauss JP, Heise M, HibALGo E, JAMIE-
soN N, KONIGSRAINER A, LAmBY PE, LERUT JP, MAKISA-
Lo H, MARGREITER R, MAzzAFerrO V, MutzBAUER I, OT-
T0 G, PAGEAUX GP, PINNA AD, PIRENNE J, RizeLL M, Ros-
sl G, RosTAING L, Roy A, TurrioN VS, ScHmipT J, TroisI
RI, van Hoek B, VALENTE U, Worr P, Worters H, Mir-
zA DF, ScHoLz T, STEININGER R, SODERDAHL G, STRASSER
SI, JaucH KW, NeuHaus P, ScHutT HJ, Geisster EK. A
prospective randomised, open-labeled, trial com-
paring sirolimus-containing versus mTOR-inhibi-
tor-free immunosuppression in patients undergo-
ing liver transplantation for hepatocellular carci-
noma. BMC Cancer 2010; 10: 190.

LianGg W, WaNG D, Ling X, Kao AA, KonG Y, SHANG
Y, Guo Z, He X. Sirolimus-based immunosup-



HCC recurrence after OLT

110)

111)

112)

113)

114)

115)

116)

117)

pression in liver transplantation for hepatocel-
lular carcinoma: a meta-analysis. Liver Transpl
2012; 18: 62-69.

Menon KV, Hakeem AR, Heaton ND. Meta-analy-
sis: recurrence and survival following the use of
sirolimus in liver transplantation for hepatocel-
lular carcinoma. Aliment Pharmacol Ther 2013;
37: 411-419.

CHoLoNGITAS E, MAamou C, RobriGuEz-CAsTrRO Kl, Bur-
RA P. Mammalian target of rapamycin inhibitors
are associated with lower rates of hepatocellular
carcinoma recurrence after liver transplantation:
a systematic review. Transpl Int 2014; 27: 1039-
1049.

Di BeneDeTTO F, DI SANDRO S, DE Ruvo N, SPAGGIA-
Rl M, MoNTALTI R, BALLARIN R, CAPPELLI G, GERUNDA
GE. Sirolimus monotherapy effectiveness in liv-
er transplant recipients with renal dysfunction
due to calcineurin inhibitors. J Clin Gastroenter-
ol 2009; 43: 280-286.

VivarReLLl M, CuccHetmi A, LA BarBa G, RavaioLl M,
DeL Gaubio M, Lauro A, Grazi GL, PiNnna AD. Liver
transplantation for hepatocellular carcinoma un-
der calcineurin inhibitors: reassessment of risk
factors for tumor recurrence. Ann Surg 2008;
248: 857-862.

RODRIGUEZ-PERALVAREZ M,  TsocHATzis E, NAVEAS
MC, Pieri G, GARciA-CAPARROS C, O’BEIRNE J, Pova-
10-GONZALEZ A, FERRIN-SANCHEZ G, MONTERO-ALVA-
Rez JL, PatcH D, THorBURN D, BriceNo J, DE LA MA-
7A M, BurroucHs AK. Reduced exposure to calci-
neurin inhibitors early after liver transplantation
prevents recurrence of hepatocellular carcino-
ma. J Hepatol 2013; 59: 1193-1199.

GeissLer EK, ScHNitzBauer AA, ZUke C, LAmBy PE,
ProNETH A, Duvoux C, Burra P, JaucH KW/, ReNTscH
M, GANTEN TM, ScHmIDT J, SETTMACHER U, HEISE M,
Rossi G, Cilto U, KNETEMAN N, AbAaMm R, vaN HoEek
B, BAcHELLIER P, WoLF P, RosTAING L, BecHsTEIN WO,
Rize,t M, PoweLL J, HibALGo E, GUGENHEIM J, WoLT-
ErRs H, BROCKMANN J, Roy A, MUTZBAUER |, ScHLITT A,
BeckeBaum S, GrAeB C, NADALIN S, VALENTE U, Tur-
RION VS, JAmiEsoN N, Schorz T, CoLLebAN M, FAN-
pDRICH F, BEcker T, SODERDAHL G, CHAZOUILLERES O,
MAkisaLo H, Pageaux GP, STEININGER R, SoLimAN T, DE
JonG KP, PIRENNE J, MARGREITER R, PRATSCHKE J, PIN-
NA AD, Hauss J, ScHREIBER S, STRASSER S, KLEMPNAU-
er J, Troisi RI, BHoori S, LeruT J, Biteao I, KLein CG,
KONIGSRAINER A, Mirza DF, O1t0 G, MAZZAFERRO V,
NEeuHAus P, ScHutt HJ. Sirolimus use in liver trans-
plant recipients with hepatocellular carcinoma: a
randomized, multicenter, open-label phase 3 tri-
al. Transplantation 2016; 100: 116-125.

WAIDMANN O, HormanN WP, Zeuzem S, TRoJAN J.
mTOR inhibitors and sorafenib for recurrent hep-
tocellular carcinoma after orthotopic liver trans-
plantation. J Hepatol 2011; 54: 396-398.

Sposito C, MARIANI L, GErmINI A, FLORES ReYEs M,
BonaGint M, Grossi G, BHoori S, MAzzAFERRO V.
Comparative efficacy of sorafenib versus best
supportive care in recurrent hepatocellular car-
cinoma after liver transplantation: a case-control
study. J Hepatol 2013; 59: 59-66.

118)

119)

120)

121)

122)

123)

124)

125)

126)

127)

WELKER MW/, BecHSTEIN WO, Zeuzem S, TROJAN J.
Recurrent hepatocellular carcinoma after liver
transplantation--an emerging clinical challenge.
Transpl Int 2013; 26: 109-118.

Liover JM, Rica S, MAzzaFerro V, HILGARD P, GANE
E, Branc JF, be Ouveira AC, SANTORO A, Raoul JL,
ForNER A, ScHWARTZ M, PortA C, Zeuzem S, BoLon-
DI L, GreteN TF, GALLE PR, Seirz JF, BORBATH |,
HAussINGER D, GIANNARIS T, SHAN M, Moscovici M,
Vouoris D, Bruix J; SHARP INVESTIGATORS STuDY
Group. Sorafenib in advanced hepatocellular car-
cinoma. N Engl J Med 2008; 359: 378-390.

CHeNG AL, KaNG YK, CHEN Z, Tsao CJ, QIN S, Kim JS,
Luo R, FEnG J, YE S, YanG TS, Xu J, SuN 'Y, LianG H,
Liu J, WaNG J, Tak WY, Pan H, Burock K, Zou J, Vo-
tomis D, Guan Z. Efficacy and safety of sorafenib
in patients in the Asia-Pacific region with ad-
vanced hepatocellular carcinoma: a phase |l
randomised, double-blind, placebo-controlled
trial. Lancet Oncol 2009; 10: 25-34.

Di BeENEDETTO F, BERRETTA M, DE Ruvo N, TARANTI-
No G, D'’Amico G, BALLARIN R, IEMmoLo RM, GERUN-
pA GE. Is advanced hepatocellular carcino-
ma amenable of cure by liver transplantation
with sorafenib as a neoadjuvant approach plus
m-TOR inhibitors monotherapy? J Surg Oncol
2012; 105: 111-112.

SotirorouLos GC, Nowak KW, Fouzas I, VERNADA-
kis S, Kykaros S, KLeiv CG, PauL A. Sorafenib treat-
ment for recurrent hepatocellular carcinoma af-
ter liver transplantation. Transplant Proc 2012;
44: 2754-2756.

GoMEz-MARTIN' C, BUsTAMANTE J, CAsTROAGUDIN JF,
SALcEDO M, GARRALDA E, TestiLLANO M, HERRERO
I, Matiea A, Sangro B. Efficacy and safety of
sorafenib in combination with mammalian target
of rapamycin inhibitors for recurrent hepatocel-
lular carcinoma after liver transplantation. Liver
Transpl 2012; 18: 45-52.

ZAvAGLIA C, AiRoLDI A, MAaNcuso A, VANGELI M, Vi-
GANO R, CorpONE G, GenTiLuomo M, Beur LS. Ad-
verse events affect sorafenib efficacy in patients
with recurrent hepatocellular carcinoma after liv-
er transplantation: experience at a single center
and review of the literature. Eur J Gastroenterol
Hepatol 2013; 25: 180-186.

STAUFER K, FiscHER L, SEEGERS B, VETTORAZZI E, NASHAN
B, Sterneck M. High toxicity of sorafenib for recur-
rent hepatocellular carcinoma after liver trans-
plantation. Transpl Int 2012; 25: 1158-1164.

BurrouGHs A, HocHHAuserR D, Mever T. System-
ic treatment and liver transplantation for he-
patocellular carcinoma: two ends of the thera-
peutic spectrum. Lancet Oncol 2004; 5: 409-
418.

RINALDI L, D1 FRANCIA R, CorroLA N, GUERRERA B, Im-
PARATO M, MoNARI C, NEVOLA R, RosaTO V, FONTANEL-
LA L, FrRaNCI G, PortA G, MEssINA V, AscioNE A, ADI-
NoLFi LE. Hepatocellular carcinoma in HCV cir-
rhosis after viral clearance with direct acting an-
tiviral therapy: preliminary evidence and possi-
ble meanings. WCRJ 2016; 3: €748.

3435



