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Abstract 
Hepatocellular carcinoma (HCC) is a common, increas

ingly prevalent malignancy. For all but the smallest 
lesions, surgical removal of cancer via  resection or 
liver transplantation (LT) is considered the most feasi
ble pathway to cure. Resection - even with favorable 
survival - is associated with a fairly high rate of recur
rence, perhaps since most HCCs occur in the setting 
of cirrhosis. LT offers the advantage of removing not 
only the cancer but the diseased liver from which the 
cancer has arisen, and LT outperforms resection for 
survival with selected patients. Since time waiting 
for LT is time during which HCC can progress, loco-
regional therapy (LRT) is widely employed by transplant 
centers. The purpose of LRT is either to bridge patients 
to LT by preventing progression and waitlist dropout, 
or to downstage patients who slightly exceed standard 
eligibility criteria initially but can fall within it after 
treatment. Transarterial chemoembolization and radio
frequency ablation have been the most widely utilized 
LRTs to date, with favorable efficacy and safety as a 
bridge to LT (and for the former, as a downstaging 
modality). The list of potentially effective LRTs has 
expanded in recent years, and includes transarterial 
chemoembolization with drug-eluting beads, radioem
bolization and novel forms of extracorporal therapy. 
Herein we appraise the various LRT modalities for HCC, 
and their potential roles in specific clinical scenarios in 
patients awaiting LT.
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Core tip: Hepatocellular carcinoma has increased in 
incidence in recent decades. Liver transplantation is an 
excellent therapy for carefully selected patients. Due 
to the risk of tumor progression while awaiting liver 
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transplantation, loco-regional therapy is frequently 
used in this setting. An expanding array of treatment 
options exist and are herein characterized, including 
descriptions of which modality may be ideal in various 
settings. 
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INTRODUCTION 
Hepatocellular carcinoma (HCC) is the fifth most com­
mon human malignancy and the third leading cause of 
cancer-related death[1,2]. Driven largely by the hepatitis 
C virus (HCV) epidemic, the age-adjusted incidence of 
HCC in developed nations has approximately tripled 
since the early 1970’s[3]. Cirrhosis is the major risk factor 
in HCC formation and is present in the vast majority of 
cases.

Therapy for HCC has evolved during recent decades. 
While some small HCCs may be fully eradicated with 
percutaneous ablation[4], surgery with resection or liver 
transplantation (LT) is considered the only curative 
option in most situations. That cirrhosis is present in the 
majority of patients diagnosed with HCC may explain 
this, since localized ablation would not address the 
diseased non-cancerous liver which still harbors the 
potential for hepatocarcinogenesis. 

Resection and LT both achieve favorable survival 
in selected patients with early-stage and/or unifocal 
HCC[5,6]. However, a review of a large North American 
cohort (> 20000) of liver cancer patients using the 
Surveillance, Epidemiology and End Results 1973-2003 
database showed a dramatically superior actuarial 
survival for LT compared to resection or ablation[7]. 
Resection is associated with a relatively high rate of 
recurrence[5], with 3-year recurrence frequency above 
60% in some series[8]. Recurrence of HCC following 
resection - at least in cirrhotic patients - is due to de-
novo hepatocarcinogenesis in the diseased remnant 
liver and/or unseen micrometastases. The rationale for 
LT in the setting of HCC is that it removes not only the 
cancer but the diseased (and cancer-promoting) liver 
parenchyma surrounding the tumor(s). 

EXPERIENCE WITH LT FOR HCC
Initial experience with LT for HCC as reported in early 
series was extremely poor[9,10]. Such was the pessimism 
regarding LT for liver cancer that in many centers 
HCC was considered a contraindication to transplant. 
In this era there were no standardized transplant 
eligibility criteria based on tumor size or number, and 
imaging ability was limited compared to today. Thus 

the poor outcomes were likely related to the inclusion 
of patients with large and/or multifocal tumors, with 
correspondingly high rates of HCC recurrence after LT. 
HCC recurrence itself is a leading cause of mortality in 
this patient population.

Despite the disappointing early experience, there 
was simultaneous awareness that patients who had 
small, incidental HCCs found at explant tended to 
have low rates of recurrence with favorable long-term 
survival after LT[11]. This in turn led to consideration 
of LT in patients with limited tumor burden. In 1996 
Mazzaferro published his landmark series demonstrating 
that patients whose pre-LT tumor burden was limited to 
a single lesion ≤ 5 cm, or 2 to 3 lesions each ≤ 3 cm, 
enjoyed excellent disease-free survival after LT (> 80% 
at 4 years)[12]. These size parameters have become 
known as the “Milan criteria” and are widely endorsed 
as the most common eligibility criteria for LT among 
patients with HCC. 

TUMOR PROGRESSION ON THE 
TRANSPLANT WAITING LIST
In the United States organ transplantation is regulated 
by the United Network for Organ Sharing (UNOS). 
By UNOS classification the Milan criteria include stage 
T1 (1 tumor < 2 cm) and stage T2 (1 tumor 2-5 cm 
or 2-3 tumors ≤ 3 cm). Current UNOS policy allows 
patients with Milan T2 to receive priority listing for LT[13]. 
Historically, however, HCC patients pursuing LT still face 
reduced survival by intention-to-treat analysis[14]. This 
is due to tumor progression while awaiting LT, resulting 
in waitlist dropout. For waiting times up to 1 year, 
historical dropout rates of 10%-30% are encountered, 
with 5-year survival reduced by as much as 20%[14]. In 
some UNOS regions, expected waiting time for priority-
listed HCC patients exceeds 1 year. 

Neo-adjuvant loco-regional therapy (LRT) for HCC is 
widely utilized by transplant centers internationally. The 
specific types of LRT available for use have expanded 
in the last decade, and are discussed later in this 
manuscript. For patients meeting Milan criteria, the 
intent of LRT is to serve as bridging therapy to LT by 
preventing tumor progression and waitlist dropout. For 
another group of patients who exceed Milan criteria, but 
fall within expanded criteria allowing a cumulative total 
diameter for all lesions ≤ 8 cm, the intent of LRT is 
“downstaging”. Successful downstaging implies that LRT 
has resulted in tumor shrinkage and/or devitalization 
(tumors no longer exhibit arterial phase enhancement 
on imaging), such that upon re-measuring the active 
tumor burden at some future time point after LRT, the 
patient falls within Milan criteria. 

Advocates of these expanded downstaging criteria 
- particularly Yao and colleagues at the University of 
California San Francisco (UCSF) - have reported favor­
able outcomes for successfully downstaged patients, 
with a recent paper showing a 56.1% 5-year intention-
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to-treat survival for 64 patients assigned to downstaging, 
not statistically different from a 63.3% 5-year intention-
to-treat survival in 488 patients with Milan stage T2[13]. 
However, expanded downstaging criteria have not been 
universally accepted and remain controversial in the face 
of already-present severe organ shortage. 

LRT FOR HCC PATIENTS AWAITING 
TRANSPLANT
To date a post-transplant survival advantage for LRT 
prior to LT has not been definitively proven[15,16]. 
However, given what is known about the risk of waitlist 
dropout, a randomized controlled trial comparing LRT to 
no LRT in patients awaiting transplant may be difficult 
to justify. An emerging concept is that tumor biology 
- as observed by imaging over time - is a more useful 
surrogate marker of tumor biology than size and number 
based on an initial imaging study. Patients with HCCs 
that display radiographic progression over relatively 
short time periods such as 3-6 mo - without LRT or 
despite it - are more likely to possess cancers that are 
inherently aggressive. Such patients are more likely to 
experience tumor recurrence and diminished survival 
after LT[17].

Favorable response to LRT - whether used as 
bridging therapy for Milan criteria, or with downstaging 
intent for expanded criteria patients - has thus been 
proposed as a surrogate marker of more favorable 
tumor biology[13,18-20]. In this paradigm, a mandatory 
waiting period of 3-6 mo after LRT is required before 
LT can be offered, in order to observe tumor response 
to LRT. Presumably, patients whose cancer progressed 
during the observation period - despite LRT - would not 
be offered LT. This strategy has been termed “ablate and 
wait”[21]. The expanded downstaging criteria used and 
advocated by UCSF requires a minimum 3 mo waiting 
period after LRT before LT can occur[13], and some UNOS 
regions (including Region 5 within which UCSF resides) 
impose a 6-mo delay of the assignment of priority points 
for listing of Milan stage T2 patients, in order to observe 
tumor behavior and response to LRT.

A number of different LRT options exist. Transarterial 
chemoembolization (TACE) and radiofrequency ablation 
(RFA) have historically been the first and second most 
commonly utilized neo-adjuvant treatments before 
LT, respectively[15]. TACE using drug-eluting beads 
(DEBs) - DEB-TACE - has become more widespread in 
recent years[22]. Percutaneous ethanol ablation - once 
common for small tumors - and cryotherapy have 
declined markedly in use and are not further described 
here. Other forms of LRT include radioembolization 
with Yttrium-90 (Y-90), for which emerging literature 
suggests a favorable efficacy and tolerance[23], and a 
novel mode of radiation therapy which may be effective 
as bridging therapy to transplant[24]. The remainder 
of the manuscript appraises the types of LRT being 
used as neo-adjuvant therapy before LT, as well as 

their respective efficacies and roles in various clinical 
situations.

INTRA-ARTERIAL CHEMOTHERAPY
Traditional TACE involves catheterization - as selectively 
as possible - of the artery branch(es) supplying the 
tumor(s) with blood, followed by the infusion of liquid 
chemotherapy agents into the branch(es). Specific 
chemotherapy agents different across institutions, but 
often a mixture of doxorubicin, cisplatin and mitomycin-C 
is delivered. The liquid chemotherapy is often pre-mixed 
with ethiodized oil, which serves as both a drug-delivery 
vehicle as well as a radiopaque marker of where in the 
liver the mixture has been delivered[25]. The oily nature 
of the emulsion itself contributes to embolization effect 
on small vessels, though transiently so. Many centers 
add embolic particles either to the oily emulsion or as a 
separate infusion immediately following release of the 
emulsion[26]. Embolic agents include polyvinyl alcohol 
particles or Gelfoam. The duration of arterial occlusion 
is shorter with Gelfoam, with recannulization of flow 
occurring in about 2 wk. The intended duration of arterial 
occlusion is not permanent since this would interfere 
with future chemoembolization if it became clinically 
desirable. The combination of cytotoxic chemotherapy 
and embolization achieves varying degrees of tumor 
necrosis[26,27], but achieving even complete necrosis has 
not necessarily been predictive of post-LT survival[16].

The outcome of TACE must be assessed with two 
questions in mind. First, does TACE prior to LT improve 
survival after LT? And second, is TACE effective as a 
bridge to LT by preventing tumor progression and waitlist 
dropout. Both questions are problematic. As mentioned 
previously, there have been no large prospective trials 
comparing LRT to no-LRT in patients with HCC awaiting 
LT. And the evidence to date for pre-transplant TACE 
does not establish a clear post-transplant survival 
benefit. The waiting time to LT varies across regions, 
and a very short duration from TACE to LT does not 
allow sufficient time for observation of tumor behavior. 
This in turn will lead to some patients with biologically 
unfavorable tumors proceeding to LT, likely contributing 
to increased HCC recurrence and reduced survival. 
Those limitations notwithstanding, it does appear from 
a number of studies that TACE is associated with waitlist 
dropout rates of 3%-13%[18,20,28,29], which is lower than 
expected based on historical data[14] and supports TACE 
as an effective bridge to LT. TACE also has a favorable 
safety profile, and in the case of inoperable disease 
(non-transplant candidates), is associated with improved 
survival vs supportive care[30].

DEB-TACE is similar to traditional TACE as an intra-
arterial therapy for HCC administered selectively in the 
hepatic arterial circulation. The beads themselves are 
microspheres impregnated with a chemotherapeutic 
substance (most commonly doxorubicin), ranging in 
size from 100 to 700 µm. The amount of delivered 
doxorubicin is typically 100-150 mg/session[22]. The 
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less[36]. Some unique toxicities of Y-90 therapy must 
be appreciated. Radiation-induced liver disease (RILD) 
is a potentially serious sequela of TARE. RILD involves 
the emergence of varying degrees of liver decom­
pensation with jaundice and ascites occurring 2-8 wk 
after treatment, with series suggesting a frequency of 
4% to as much as 20%[36,37]. The risk of RILD appears 
to increase significantly with repeated Y-90 admini­
strations[38]. Radiation-induced biliary stricturing is 
another potential consequence of TARE, though the 
incidence appears to be less than 10%[39]. As with TACE, 
care must be taken to avoid inadvertent embolization of 
the cystic artery, which could cause gall bladder necrosis. 
Radiation induced pneumonitis and GI ulcerations are 
rare if standard precautions are undertaken[36], but may 
occur with unrecognized shunting to lung or bowel.

Efficacy of radioembolization in terms of radiographic 
response and survival in non-operative candidates 
appears comparable or possibly superior to TACE[23], 
acknowledging that the cumulative amount of ex­
perience with Y-90 is less. Its utility as a bridge to LT 
is similarly less defined, but selected series show that 
TARE is effective in this role[34,40]. Lewandowski published 
a series comparing TACE (35 patients) to TARE (43 
patients) for downstaging of HCC beyond Milan criteria, 
and reported successful downstaging to Milan T2 was 
superior with TARE (58% vs 31%, P = 0.023)[41]. One 
theoretical concern with Y-90 as a bridge to LT is the 
risk of radioactivity affecting surgical or pathology team 
members handling the explanted organ. However the 
decay properties of Y-90 are such that unless LT happens 
within 4 wk of TARE, the risks should be trivial.

ABLATION THERAPY
Except for TACE, RFA has been the most widely utilized 
and reported LRT for patients awaiting LT. RFA involves 
the insertion of one or more narrow probes - under 
ultrasound or computed tomography guidance - into a 
target liver lesion, usually with the patient anesthetized. 
Occasionally more than one tumor is treated in a given 
session. The probes are connected to an alternating 
current that generates heat at their tip, causing thermal 
injury to tissue. Some technical limitations of RFA in­
volve a relatively long time (16-18 min) to achieve 
adequate thermal injury to fully ablate a 3-4 cm lesion, 
as well as the potential loss of heat energy (and thus 
treatment effect) if large blood vessels are near the 
treatment zone. In such cases, the vessels act as heat 
sinks dissipating energy. In view of these limitations, 
some centers have begun to utilize microwave ablation 
(MWA). MWA achieves much more rapid heating with 
shorter treatment time, as well as a larger zone of 
ablation. However, neither RFA nor MWA is ideal for 
lesions high in the dome of the liver or near the gall 
bladder, due the risk of pulmonary insult or gall bladder 
necrosis, respectively.

Complications of ablation include abdominal pain and 
anorexia with or without fever, not necessarily different 

proposed advantage of DEB-TACE vs traditional TACE is 
a more concentrated delivery of chemotherapy in the 
targeted area, and for a longer duration, since traditional 
TACE results in a more transient drug concentration. 
This is because there is a delay from release of the 
oily therapeutic solution and the actual embolization in 
traditional TACE, causing some release into the systemic 
circulation (with systemic toxicities, and diminished 
activity at the intended tumoral site)[31].

The safety of DEB-TACE has been validated in large 
studies as at least comparable to traditional TACE[31], 
and the PRECISION-V study showed a statistically 
significant lower incidence of alopecia, degree of post-
treatment aminotransferase elevation, and frequ­
ency of decreased left ventricular function with DEB-
TACE vs conventional TACE[22]. In clinical practice, 
since there is less induced arterial ischemia with DEB-
TACE compared to conventional TACE, the former is 
an attractive consideration in patients with partially or 
completely thrombosed portal vein branches, since such 
patients may not tolerate a new, substantial arterial 
ischemia. For the same reason, many groups favor DEB-
TACE for patients with worse liver function at baseline. 
In terms of efficacy and survival, there is insufficient 
data to claim that either TACE or DEB-TACE clearly out-
performs the other[22,31]. DEB-TACE has not been widely 
studied specifically for use as a bridge to transplant, 
though some published reports suggest its efficacy in 
this role[32].

RADIOEMBOLIZATION
Transarterial radioembolization (TARE) has emerged 
as a viable strategy for solid liver tumors. The most 
commonly used form of TARE for HCC involves Y-90 
microspheres delivered intra-arterially. Y-90 has a 
physical half-life of 64.2 h and decays to stable zirco­
nium-90[33]. A staging visceral angiography with injected 
technetium-99 is necessary to detect clinically relevant 
shunting to the gastrointestinal (GI) tract or lung, the 
latter assessed by measuring lung-shunt percentage on 
imaging[34]. If shunts to the GI tract cannot be embolized 
(and closed), or if the lung-shunt fraction is elevated, 
Y-90 is not offered due to concerns about intestinal and 
pulmonary toxicity, respectively. If no such problems are 
encountered, Y-90 microspheres are delivered either 
to the right or left lobe, usually allowing at least 1 mo 
before treating the opposite side if bi-lobar disease is 
present, in order to monitor for toxicity.

Overall tolerance and safety appears comparable 
to TACE, although the amount of published experience 
with Y-90 is vastly less than with TACE. Due the 
hypervascularity of HCCs, radioactive microspheres 
theoretically flow preferentially - by a factor of 3 to 1[35] 
- to tumors rather than hepatic parenchyma, limiting 
toxicity. Nonetheless, post-embolization syndrome 
following TARE - with nausea, abdominal pain and 
anorexia with or without fever - occurs with roughly the 
same frequency as with TACE, though severity may be 
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from the symptoms of post-embolization syndrome. 
Serious bleeding is possible but uncommon (< 2%), as 
is the rate of abscess formation, portal vein thrombosis, 
thoracic injury, and severe liver decompensation[42,43]. 
The risk of tumoral seeding by ablation probes (2%) 
and overall mortality (< 1%) is low, and seems 
comparable between RFA and MWA[43-45].

For very small (≤ 3 cm) HCCs, it is recognized that 
RFA can achieve complete eradication and is viewed 
by many as equivalent in efficacy to resection for this 
scenario[46,47]. Two large series published by Lu et al[48] 

and Mazzaferro et al[49] respectively, demonstrated 
the effectiveness of RFA as a bridge to LT, with very 
low dropout rates of 6% and 0%, respectively. A large 
Canadian study reported a higher rate of dropout with 
RFA (21%) as compared to an untreated cohort (12%), 
but this was in part driven by longer median waiting 
time to LT in the RFA cohort (9.5 mo vs 5 mo), as 
well as 9% of RFA-treated patients (vs 1% untreated) 
voluntarily seeking de-listing after achieving complete 
radiographic response[50]. The role of RFA/MWA for 
downstaging - at least of larger diameter tumors - 
is limited in that ablation zones are not ideal to treat 
tumors > 3-4 cm.

NOVEL EXTRACORPORAL THERAPY
Stereotactic body radiation therapy (SBRT) has em­
erged as a treatment for solid liver and lung tumors, 
and is occasionally used for cancer in other sites such 
as the pancreas, prostate and kidney. SBRT involves 
highly confocal beams of energy delivered at a narrowly 
defined site. Prior to treatment, 4-dimensional imaging 
is used to map the target area as it moves during 
breathing. Occasionally gold seed fiducials are placed 
into the target tumor to assist with imaging. Whereas 
conventional external beam radiation - generally in­
effective for HCC - delivers relatively small daily doses 
over the course of several weeks, SBRT can deliver 
a much larger dose of radiation per session - usually 
lasting 30-60 min - such that treatment is completed 
in 1-5 d. Due to the ability to deliver the radiation in a 
highly targeted and localized manner, SBRT may have 
advantages over ablation since it can be used to treat 
lesions high in the dome of the liver (sparing the lung), 
near the gall bladder (sparing it), or near large blood 
vessels (no heat sink effect).

SBRT has been studied in HCC both as a bridge 
to LT and for inoperable patients. O’Connor et al[24] 
reported in a small study that SBRT (used because 
patients were deemed ineligible for further standard 
LRT) was successful as a bridge to LT in 10/10 patients, 
with none experiencing HCC progression between SBRT 
and LT[24]. Explant analysis from this series showed a 
27% complete necrosis rate in treated tumors, with 
75% of the incompletely necrotic tumors measuring 
smaller than pre-LT imaging size[24]. In two sequential 
studies using SBRT in 102 patients with Child’s class 
A liver disease and locally advanced HCC, Bujold et 

al[51] reported a median survival of 17 mo[51], which 
is substantially higher than the median survival of 
the cohort receiving placebo in the SHARP study of 
sorafenib, which also was restricted to patients with 
mostly preserved liver function[52].

Toxicity from SBRT has been limited, and mostly 
grade 1 or 2 GI toxicity (nausea, vomiting, pain)[24,53], 
though Bujold’s study reported grade 3 toxicity in up to 
30%[51]. Rare GI ulcers have occurred following SBRT[53]. 
The role of SBRT is still evolving, and studies comparing 
SBRT directly to other forms of LRT for bridging therapy 
to LT are in progress.

High-intensity focused ultrasound (HIFU) is a novel 
extracorporal therapy that induces thermal injury to 
tumors using high frequency sound waves. Experience 
with HIFU is limited to date, but early experience with 
HCC patients has suggested a favorable radiographic 
response rate and safety profile[54]. A recent pilot 
study from Hong Kong comparing TACE and HIFU as 
bridging therapy to LT showed comparable degrees 
of tumor necrosis for both modalities when assessed 
at explant[55]. While more investigation is needed, the 
focused, extracorporal nature of HIFU may permit its 
use in patients with Child-Pugh C liver disease. Reported 
side effects have included localized bruising and first-and 
second-degree skin burns on skin overlying treatment 
zones[54].

CHOOSING THE OPTIMAL LRT FOR HCC 
IN THE PRE-TRANSPLANT SETTING
An ongoing difficulty for the transplant community 
is the lack of consensus regarding when/whether to 
use LRT for HCC prior to LT. There is further lack of 
consensus regarding which LRT to use for a given 
tumor. Even within each LRT category there is variation 
among institutions regarding the specifics of treatment. 
For example, “TACE” may involve different specific 
chemotherapeutic agents and/or embolic materials at 
different centers. And for small lesions, choice of TACE 
or ablation may come down to institution- or clinician-
preference.

Despite these limitations, some general principles 
may assist decision-making. First, for Milan stage T2 
HCC and preserved liver function, TACE has an excellent 
track record of safety and efficacy as a bridge to LT, with 
substantial lowering of dropout rates from historical 
standards[14]. TACE is also effective as a downstaging 
modality for larger lesions[13], though consideration 
for DEB-TACE is reasonable if there is portal venous 
thrombosis and/or decompensated liver function. Y-90 
or TACE may be considered for larger (> 4 cm) tumors, 
the latter only if waiting time to LT is expected to exceed 
1 mo. 

Ablation (RFA/MWA) continues to be an effective 
bridge to LT for lesions < 3-4 cm, if the lesion is not 
located near the dome of the liver (lung), gall bladder 
or large vessels. For such lesions, ablation or TACE may 
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be equivalent in efficacy, though explant histological 
analysis suggests RFA has a higher rate of complete 
tumor necrosis for very small (< 3 cm) HCCs[56]. For 
lesions 4-6 cm in sensitive areas such as the dome of 
the liver or near the gall bladder, SBRT appears to be a 
safe, targeted therapy with early success reported as 
a bridging therapy. Lesions these sizes are generally 
too large for successful ablation. SBRT and novel HIFU 
may also be compelling considerations for patients with 
greater liver decompensation, as such patients may 
not tolerate TACE or TARE. More study is needed and 
planned.

CONCLUSION
The incidence of HCC has substantially increased in 
many regions during the past 3-4 decades. For all but 
very small HCCs, surgery (resection or LT) is necessary 
for long-term survival or cure. As most HCCs occur in 
the setting of cirrhosis, resection leaves behind diseased 
(and presumably prone-to-cancer) tissue, and thus LT 
appears to strongly out-perform resection in actuarial 
survival.

Given the risk of tumor progression and waitlist 
dropout, LRT is routinely offered to patients on the 
transplant waiting list. TACE and RFA are the most 
widely studied modalities, and are effective as bridging 
therapy to LT in appropriate settings. TACE is also used 
for downstaging in patients whose initial tumor burdens 
exceed Milan criteria. Other forms of LRT include DEB-
TACE, Y-90 and more recently, extracorporal treatments 
such as SBRT. Each may have a “niche” role in the pre-
transplant setting, and ongoing investigation will be 
critical in the development of widely accepted treatment 
paradigms to guide the use of LRT in waitlisted patients. 

REFERENCES
1	 Bosch FX, Ribes J, Borràs J. Epidemiology of primary liver 

cancer. Semin Liver Dis 1999; 19: 271-285 [PMID: 10518307 
DOI: 10.1055/s-2007-1007117]

2	 Bosch FX, Ribes J, Díaz M, Cléries R. Primary liver cancer: 
worldwide incidence and trends. Gastroenterology 2004; 127: 
S5-S16 [PMID: 15508102]

3	 El-Serag HB, Mason AC. Rising incidence of hepatocellular 
carcinoma in the United States. N Engl J Med 1999; 340: 745-750 
[PMID: 10072408 DOI: 10.1056/NEJM199903113401001]

4	 Lau WY, Lai EC. The current role of radiofrequency ablation in 
the management of hepatocellular carcinoma: a systematic review. 
Ann Surg 2009; 249: 20-25 [PMID: 19106671 DOI: 10.1097/SLA.
0b013e31818eec29]

5	 Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of 
surgical treatment for early hepatocellular carcinoma: resection 
versus transplantation. Hepatology 1999; 30: 1434-1440 [PMID: 
10573522 DOI: 10.1002/hep.510300629]

6	 Iwatsuki S, Starzl TE, Sheahan DG, Yokoyama I, Demetris AJ, 
Todo S, Tzakis AG, Van Thiel DH, Carr B, Selby R. Hepatic 
resection versus transplantation for hepatocellular carcinoma. Ann 
Surg 1991; 214: 221-228; discussion 228-229 [PMID: 1656903]

7	 Schwarz RE, Smith DD. Trends in local therapy for hepatocellular 
carcinoma and survival outcomes in the US population. Am J 
Surg 2008; 195: 829-836 [PMID: 18436176 DOI: 10.1016/j.
amjsurg.2007.10.010]

8	 Bismuth H, Chiche L, Adam R, Castaing D, Diamond T, Dennison 
A. Liver resection versus transplantation for hepatocellular carcino
ma in cirrhotic patients. Ann Surg 1993; 218: 145-151 [PMID: 
8393649 DOI: 10.1097/00000658-199308000-00005]

9	 Ismail T, Angrisani L, Gunson BK, Hübscher SG, Buckels JA, 
Neuberger JM, Elias E, McMaster P. Primary hepatic malignancy: 
the role of liver transplantation. Br J Surg 1990; 77: 983-987 
[PMID: 2169946 DOI: 10.1002/bjs.1800770908]

10	 Ringe B, Wittekind C, Bechstein WO, Bunzendahl H, Pichlmayr 
R. The role of liver transplantation in hepatobiliary malignancy. A 
retrospective analysis of 95 patients with particular regard to tumor 
stage and recurrence. Ann Surg 1989; 209: 88-98 [PMID: 2535924 
DOI: 10.1097/00000658-198901000-00013]

11	 Pichlmayr R, Weimann A, Ringe B. Indications for liver trans
plantation in hepatobiliary malignancy. Hepatology 1994; 20: 
33S-40S [PMID: 8005578 DOI: 10.1002/hep.1840200710]

12	 Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, 
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L. 
Liver transplantation for the treatment of small hepatocellular 
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334: 
693-699 [PMID: 8594428 DOI: 10.1056/NEJM199603143341104]

13	 Yao FY, Mehta N, Flemming J, Dodge J, Hameed B, Fix O, 
Hirose R, Fidelman N, Kerlan RK, Roberts JP. Downstaging of 
hepatocellular cancer before liver transplant: long-term outcome 
compared to tumors within Milan criteria. Hepatology 2015; 61: 
1968-1977 [PMID: 25689978 DOI: 10.1002/hep.27752]

14	 Lopez PM, Villanueva A, Roayaie S, Llovet JM. Neoadjuvant 
therapies for hepatocellular carcinoma before liver transplantation: 
a critical appraisal. Liver Transpl 2006; 12: 1747-1754 [PMID: 
17133591 DOI: 10.1002/lt.21018]

15	 Fujiki M, Aucejo F, Kim R. General overview of neo-adjuvant 
therapy for hepatocellular carcinoma before liver transplantation: 
necessity or option? Liver Int 2011; 31: 1081-1089 [PMID: 22008644 
DOI: 10.1111/j.1478-3231.2011.02473.x]

16	 Stampfl U, Bermejo JL, Sommer CM, Hoffmann K, Weiss KH, 
Schirmacher P, Schemmer P, Kauczor HU, Richter GM, Radeleff 
BA, Longerich T. Efficacy and nontarget effects of transarterial 
chemoembolization in bridging of hepatocellular carcinoma patients 
to liver transplantation: a histopathologic study. J Vasc Interv 
Radiol 2014; 25: 1018-1026.e4 [PMID: 24768235 DOI: 10.1016/
j.jvir.2014.03.007]

17	 Bouchard-Fortier A, Lapointe R, Perreault P, Bouchard L, 
Pomier-Layrargues G. Transcatheter arterial chemoembolization 
of hepatocellular carcinoma as a bridge to liver transplantation: 
a retrospective study. Int J Hepatol 2011; 2011: 974514 [PMID: 
21994880 DOI: 10.4061/2011/974514]

18	 Majno PE, Adam R, Bismuth H, Castaing D, Ariche A, Krissat 
J, Perrin H, Azoulay D. Influence of preoperative transarterial 
lipiodol chemoembolization on resection and transplantation for 
hepatocellular carcinoma in patients with cirrhosis. Ann Surg 1997; 
226: 688-701; discussion 701-703 [PMID: 9409568]

19	 Otto G, Herber S, Heise M, Lohse AW, Mönch C, Bittinger F, 
Hoppe-Lotichius M, Schuchmann M, Victor A, Pitton M. Response 
to transarterial chemoembolization as a biological selection 
criterion for liver transplantation in hepatocellular carcinoma. Liver 
Transpl 2006; 12: 1260-1267 [PMID: 16826556 DOI: 10.1002/
lt.20837]

20	 Millonig G, Graziadei IW, Freund MC, Jaschke W, Stadlmann 
S, Ladurner R, Margreiter R, Vogel W. Response to preoperative 
chemoembolization correlates with outcome after liver trans
plantation in patients with hepatocellular carcinoma. Liver Transpl 
2007; 13: 272-279 [PMID: 17256758 DOI: 10.1002/lt.21033]

21	 Roberts JP, Venook A, Kerlan R, Yao F. Hepatocellular carcinoma: 
Ablate and wait versus rapid transplantation. Liver Transpl 2010; 
16: 925-929 [PMID: 20658555 DOI: 10.1002/lt.22103]

22	 Lammer J, Malagari K, Vogl T, Pilleul F, Denys A, Watkinson A, 
Pitton M, Sergent G, Pfammatter T, Terraz S, Benhamou Y, Avajon 
Y, Gruenberger T, Pomoni M, Langenberger H, Schuchmann M, 
Dumortier J, Mueller C, Chevallier P, Lencioni R. Prospective 
randomized study of doxorubicin-eluting-bead embolization in the 
treatment of hepatocellular carcinoma: results of the PRECISION 

Byrne TJ et al . Loco-regional therapies for hepatocellular carcinoma



312 June 24, 2016|Volume 6|Issue 2|WJT|www.wjgnet.com

V study. Cardiovasc Intervent Radiol 2010; 33: 41-52 [PMID: 
19908093 DOI: 10.1007/s00270-009-9711-7]

23	 Salem R, Mazzaferro V, Sangro B. Yttrium 90 radioembolization 
for the treatment of hepatocellular carcinoma: biological lessons, 
current challenges, and clinical perspectives. Hepatology 2013; 58: 
2188-2197 [PMID: 23512791 DOI: 10.1002/hep.26382]

24	 O’Connor JK, Trotter J, Davis GL, Dempster J, Klintmalm GB, 
Goldstein RM. Long-term outcomes of stereotactic body radiation 
therapy in the treatment of hepatocellular cancer as a bridge to 
transplantation. Liver Transpl 2012; 18: 949-954 [PMID: 22467602 
DOI: 10.1002/lt.23439]

25	 Idée JM, Guiu B. Use of Lipiodol as a drug-delivery system for 
transcatheter arterial chemoembolization of hepatocellular carcinoma: 
a review. Crit Rev Oncol Hematol 2013; 88: 530-549 [PMID: 
23921081 DOI: 10.1016/j.critrevonc.2013.07.003]

26	 Brown DB, Pilgram TK, Darcy MD, Fundakowski CE, Lisker-
Melman M, Chapman WC, Crippin JS. Hepatic arterial chemo
embolization for hepatocellular carcinoma: comparison of 
survival rates with different embolic agents. J Vasc Interv Radiol 
2005; 16: 1661-1666 [PMID: 16371533 DOI: 10.1097/01.RVI.
0000182160.26798.A2]

27	 Biselli M, Andreone P, Gramenzi A, Trevisani F, Cursaro C, 
Rossi C, Ricca Rosellini S, Cammà C, Lorenzini S, Stefanini 
GF, Gasbarrini G, Bernardi M. Transcatheter arterial chemoem
bolization therapy for patients with hepatocellular carcinoma: a 
case-controlled study. Clin Gastroenterol Hepatol 2005; 3: 918-925 
[PMID: 16234031]

28	 De Luna W, Sze DY, Ahmed A, Ha BY, Ayoub W, Keeffe EB, 
Cooper A, Esquivel C, Nguyen MH. Transarterial chemoinfusion 
for hepatocellular carcinoma as downstaging therapy and a bridge 
toward liver transplantation. Am J Transplant 2009; 9: 1158-1168 
[PMID: 19344435 DOI: 10.1111/j.1600-6143.2009.02576.x]

29	 Alba E, Valls C, Dominguez J, Martinez L, Escalante E, Lladó L, 
Serrano T. Transcatheter arterial chemoembolization in patients 
with hepatocellular carcinoma on the waiting list for orthotopic 
liver transplantation. AJR Am J Roentgenol 2008; 190: 1341-1348 
[PMID: 18430853 DOI: 10.2214/AJR.07.2972]

30	 Llovet JM, Bruix J. Systematic review of randomized trials 
for unresectable hepatocellular carcinoma: Chemoembolization 
improves survival. Hepatology 2003; 37: 429-442 [PMID: 
12540794 DOI: 10.1053/jhep.2003.50047]

31	 Burrel M, Reig M, Forner A, Barrufet M, de Lope CR, Tremosini 
S, Ayuso C, Llovet JM, Real MI, Bruix J. Survival of patients 
with hepatocellular carcinoma treated by transarterial chemoem
bolisation (TACE) using Drug Eluting Beads. Implications for 
clinical practice and trial design. J Hepatol 2012; 56: 1330-1335 
[PMID: 22314428 DOI: 10.1016/j.jhep.2012.01.008]

32	 Nicolini D, Svegliati-Baroni G, Candelari R, Mincarelli C, 
Mandolesi A, Bearzi I, Mocchegiani F, Vecchi A, Montalti R, 
Benedetti A, Risaliti A, Vivarelli M. Doxorubicin-eluting bead vs 
conventional transcatheter arterial chemoembolization for hepato
cellular carcinoma before liver transplantation. World J Gastro­
enterol 2013; 19: 5622-5632 [PMID: 24039354 DOI: 10.3748/wjg.
v19.i34.5622]

33	 Murthy R, Kamat P, Nuñez R, Salem R. Radioembolization of 
yttrium-90 microspheres for hepatic malignancy. Semin Intervent 
Radiol 2008; 25: 48-57 [PMID: 21326493 DOI: 10.1055/s-200
8-1052306]

34	 Tohme S, Sukato D, Chen HW, Amesur N, Zajko AB, Humar A, 
Geller DA, Marsh JW, Tsung A. Yttrium-90 radioembolization as 
a bridge to liver transplantation: a single-institution experience. J 
Vasc Interv Radiol 2013; 24: 1632-1638 [PMID: 24160821 DOI: 
10.1016/j.jvir.2013.07.026]

35	 Young JY, Rhee TK, Atassi B, Gates VL, Kulik L, Mulcahy MF, 
Larson AC, Ryu RK, Sato KT, Lewandowski RJ, Omary RA, 
Salem R. Radiation dose limits and liver toxicities resulting from 
multiple yttrium-90 radioembolization treatments for hepatocellular 
carcinoma. J Vasc Interv Radiol 2007; 18: 1375-1382 [PMID: 
18003987 DOI: 10.1016/j.jvir.2007.07.016]

36	 Riaz A, Awais R, Salem R. Side effects of yttrium-90 radioem

bolization. Front Oncol 2014; 4: 198 [PMID: 25120955 DOI: 
10.3389/fonc.2014.00198]

37	 Sangro B, Gil-Alzugaray B, Rodriguez J, Sola I, Martinez-Cuesta 
A, Viudez A, Chopitea A, Iñarrairaegui M, Arbizu J, Bilbao JI. 
Liver disease induced by radioembolization of liver tumors: 
description and possible risk factors. Cancer 2008; 112: 1538-1546 
[PMID: 18260156 DOI: 10.1002/cncr.23339]

38	 Lam MG, Louie JD, Iagaru AH, Goris ML, Sze DY. Safety of 
repeated yttrium-90 radioembolization. Cardiovasc Intervent 
Radiol 2013; 36: 1320-1328 [PMID: 23354961 DOI: 10.1007/s002
70-013-0547-9]

39	 Ng SS, Yu SC, Lai PB, Lau WY. Biliary complications associated 
with selective internal radiation (SIR) therapy for unresectable liver 
malignancies. Dig Dis Sci 2008; 53: 2813-2817 [PMID: 18320307 
DOI: 10.1007/s10620-008-0222-1]

40	 Abdelfattah MR, Al-Sebayel M, Broering D, Alsuhaibani H. 
Radioembolization using yttrium-90 microspheres as bridging and 
downstaging treatment for unresectable hepatocellular carcinoma 
before liver transplantation: initial single-center experience. 
Transplant Proc 2015; 47: 408-411 [PMID: 25769582 DOI: 
10.1016/j.transproceed.2014.11.004]

41	 Lewandowski RJ, Kulik LM, Riaz A, Senthilnathan S, Mulcahy 
MF, Ryu RK, Ibrahim SM, Sato KT, Baker T, Miller FH, Omary 
R, Abecassis M, Salem R. A comparative analysis of transarterial 
downstaging for hepatocellular carcinoma: chemoembolization 
versus radioembolization. Am J Transplant 2009; 9: 1920-1928 
[PMID: 19552767 DOI: 10.1111/j.1600-6143.2009.02695.x]

42	 Lahat E, Eshkenazy R, Zendel A, Zakai BB, Maor M, Dreznik 
Y, Ariche A. Complications after percutaneous ablation of liver 
tumors: a systematic review. Hepatobiliary Surg Nutr 2014; 3: 
317-323 [PMID: 25392844 DOI: 10.3978/j.issn.2304-3881.2014.0
9.07]

43	 Minami Y, Kudo M. Radiofrequency ablation of hepatocellular 
carcinoma: a literature review. Int J Hepatol 2011; 2011: 104685 
[PMID: 21994847 DOI: 10.4061/2011/104685]

44	 Livraghi T, Meloni F, Solbiati L, Zanus G. Complications of 
microwave ablation for liver tumors: results of a multicenter study. 
Cardiovasc Intervent Radiol 2012; 35: 868-874 [PMID: 21833809 
DOI: 10.1007/s00270-011-0241-8]

45	 Poulou LS, Botsa E, Thanou I, Ziakas PD, Thanos L. Percutaneous 
microwave ablation vs radiofrequency ablation in the treatment 
of hepatocellular carcinoma. World J Hepatol 2015; 7: 1054-1063 
[PMID: 26052394 DOI: 10.4254/wjh.v7.i8.1054]

46	 Livraghi T, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C, 
Rossi S. Sustained complete response and complications rates after 
radiofrequency ablation of very early hepatocellular carcinoma 
in cirrhosis: Is resection still the treatment of choice? Hepatology 
2008; 47: 82-89 [PMID: 18008357 DOI: 10.1002/hep.21933]

47	 Chen MS, Li JQ, Zheng Y, Guo RP, Liang HH, Zhang YQ, Lin XJ, 
Lau WY. A prospective randomized trial comparing percutaneous 
local ablative therapy and partial hepatectomy for small 
hepatocellular carcinoma. Ann Surg 2006; 243: 321-328 [PMID: 
16495695 DOI: 10.1097/01.sla.0000201480.65519.b8]

48	 Lu DS, Yu NC, Raman SS, Limanond P, Lassman C, Murray 
K, Tong MJ, Amado RG, Busuttil RW. Radiofrequency ablation 
of hepatocellular carcinoma: treatment success as defined by 
histologic examination of the explanted liver. Radiology 2005; 234: 
954-960 [PMID: 15681691 DOI: 10.1148/radiol.2343040153]

49	 Mazzaferro V, Battiston C, Perrone S, Pulvirenti A, Regalia 
E, Romito R, Sarli D, Schiavo M, Garbagnati F, Marchianò 
A, Spreafico C, Camerini T, Mariani L, Miceli R, Andreola S. 
Radiofrequency ablation of small hepatocellular carcinoma in 
cirrhotic patients awaiting liver transplantation: a prospective 
study. Ann Surg 2004; 240: 900-909 [PMID: 15492574]

50	 DuBay DA, Sandroussi C, Kachura JR, Ho CS, Beecroft JR, 
Vollmer CM, Ghanekar A, Guba M, Cattral MS, McGilvray ID, 
Grant DR, Greig PD. Radiofrequency ablation of hepatocellular 
carcinoma as a bridge to liver transplantation. HPB (Oxford) 2011; 
13: 24-32 [PMID: 21159100 DOI: 10.1111/j.1477-2574.2010.0022
8.x]

Byrne TJ et al . Loco-regional therapies for hepatocellular carcinoma



313 June 24, 2016|Volume 6|Issue 2|WJT|www.wjgnet.com

51	 Bujold A, Massey CA, Kim JJ, Brierley J, Cho C, Wong RK, 
Dinniwell RE, Kassam Z, Ringash J, Cummings B, Sykes J, 
Sherman M, Knox JJ, Dawson LA. Sequential phase I and II trials 
of stereotactic body radiotherapy for locally advanced hepato
cellular carcinoma. J Clin Oncol 2013; 31: 1631-1639 [PMID: 
23547075 DOI: 10.1200/JCO.2012.44.1659]

52	 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, 
de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta 
C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath 
I, Häussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D, 
Bruix J. Sorafenib in advanced hepatocellular carcinoma. N Engl 
J Med 2008; 359: 378-390 [PMID: 18650514 DOI: 10.1056/NEJ
Moa0708857]

53	 Bibault JE, Dewas S, Vautravers-Dewas C, Hollebecque A, 
Jarraya H, Lacornerie T, Lartigau E, Mirabel X. Stereotactic body 
radiation therapy for hepatocellular carcinoma: prognostic factors 
of local control, overall survival, and toxicity. PLoS One 2013; 8: 

e77472 [PMID: 24147002 DOI: 10.1371/journal.pone.0077472]
54	 Ng KK, Poon RT, Chan SC, Chok KS, Cheung TT, Tung 

H, Chu F, Tso WK, Yu WC, Lo CM, Fan ST. High-intensity 
focused ultrasound for hepatocellular carcinoma: a single-center 
experience. Ann Surg 2011; 253: 981-987 [PMID: 21394012 DOI: 
10.1097/SLA.0b013e3182128a8b]

55	 Chok KS, Cheung TT, Lo RC, Chu FS, Tsang SH, Chan AC, 
Sharr WW, Fung JY, Dai WC, Chan SC, Fan ST, Lo CM. Pilot 
study of high-intensity focused ultrasound ablation as a bridging 
therapy for hepatocellular carcinoma patients wait-listed for 
liver transplantation. Liver Transpl 2014; 20: 912-921 [PMID: 
24753206 DOI: 10.1002/lt.23892]

56	 Pompili M, Francica G, Ponziani FR, Iezzi R, Avolio AW. 
Bridging and downstaging treatments for hepatocellular carcinoma 
in patients on the waiting list for liver transplantation. World 
J Gastroenterol 2013; 19: 7515-7530 [PMID: 24282343 DOI: 
10.3748/wjg.v19.i43.7515]

P- Reviewer: Morioka D, Sugawara Y, Yankol Y    
S- Editor: Qiu S    L- Editor: A    E- Editor: Liu SQ

Byrne TJ et al . Loco-regional therapies for hepatocellular carcinoma



© 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	WJT-6-306
	WJTv6i2Back cover

