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Abstract: Hepatocellular carcinoma is the most common primary liver malig-
nancy and is a common indication for liver transplantation. To qualify for liver 
transplantation, the size and number of tumors must be within established  criteria. 
The Milan criteria is the most well-established of these criteria, however there is 
evidence these criteria can be safely expanded without affecting outcomes. While 
awaiting liver transplantation, locoregional therapy can be used as bridging ther-
apy to maintain the tumor burden within criteria. Locoregional therapy can also 
be used to decrease tumor burden within transplant criteria, a process called 
downstaging. For tumors <3 cm, thermal ablation—most commonly using a 
radio-frequency probe—is preferred when feasible and offers tumor control 
approaching that of resection. Larger or multifocal lesions are usually treated with 
either trans-arterial chemoembolization or yttrium-90 trans-arterial radioemboli-
zation. The choice between these two interventions is generally based on institu-
tional preference as neither has demonstrated survival advantage in the transplant 
population. However, single center trials show longer time to progression, 
improved downstaging success, and less microvascular invasion in patients treated 
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with trans-arterial radioembolization. More recently stereotactic body radiation 
therapy has demonstrated efficacy in patients who are not candidates for other 
locoregional therapy or have progressed despite prior locoregional therapy. 

Keywords: bridging therapy; downstaging; locoregional therapy; Milan criteria; 
transarterial chemoembolization 

INTRODUCTION

Therapies for hepatocellular carcinoma (HCC) have evolved over the last several 
decades, but liver transplantation remains the only curative option in patients 
who are not candidates for resection. Liver transplantation allows for the cure of 
both the tumor and any underlying chronic liver disease. However, more than 
70% of patients present with advanced disease that does not meet the criteria for 
transplantation (1). The first and most widely accepted criteria for liver transplan-
tation in patients with HCC are the “Milan criteria”, developed by Mazzaferro 
et  al. (2). The Milan criteria include stage T1 (1 lesion <2 cm) and stage T2 
(1 lesion 2–5 cm or up to 3 lesions ≤3 cm), tumors without vascular invasion, 
lymph node involvement, or extrahepatic metastases (3). When these criteria are 
met, four-year survival after transplant is >80% with recurrence rates below 15% 
(2). In the United States, the United Network for Organ Sharing (UNOS) affords 
patients who meet stage T2 disease Model for End-Stage Liver Disease (MELD) 
“exception points” due to poor survival associated with HCC that is not accounted 
for in standard MELD scoring system. Although the amount of HCC exception 
points has varied over time and by country, the current standard exception criteria 
adopted by UNOS assigns points equal to the mean MELD at transplant minus 3 
of all liver transplants recipients (except status 1A/1B, living donor, donation after 
cardiac death donor and donors more than 500 miles from recipient hospital) in 
the last 180 days within 250 nautical miles of the listing center. Patients who do 
not meet the Milan criteria (greater than stage T2) can be eligible for liver trans-
plantation if they receive locoregional therapies that reduce their tumor burden 
and maintain it within Milan criteria for 6 months. Lesions that are eligible for 
downstaging beyond Milan criteria are discussed in the following sections. 

EXPANDED TRANSPLANT CRITERIA 

A growing body of literature supports that the Milan criteria can be safely expanded 
to allow patients with more advanced disease access to liver transplantation, and 
under the right circumstances, they have comparable outcomes to patients that 
meet the Milan criteria. As such, modifications to the Milan criteria have been col-
lectively termed “expanded criteria.” In 2001, Yao et al. (4) from the University of 
California, San Francisco (UCSF), published a study with expanded criteria 
termed the “UCSF criteria”: 1 lesion ≤6.5 cm or up to 3 lesions with the largest 
lesion ≤4.5 cm, with a total diameter of 8 cm (Table 1). In this study, patients had 
1- and 5-year survival rates that were 90% and 75.2% respectively. In 2007, this 
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same group from UCSF published a prospective study that showed a 5 year sur-
vival rate of 81%, which was similar to Milan criteria but with the added benefit 
of being able to transplant an additional 5–20% of patients initially not included 
by Milan criteria (5). Several studies have validated UCSF criteria having similar 
rates of survival compared to the Milan criteria (6). 

In 2009, Mazzaferro et al. (7) described the Up-to-Seven criteria, where the 
sum of the total number of lesions and size in centimeters (cm) of the largest 
lesion can be up to 7 if vascular invasion and metastases are absent. In the initial 
study of over 1,500 patients, 5-year survival rates in patients that met Up-to-
Seven criteria were similar (71.2%) to those that met the Milan criteria (73.3%) (7). 
This lead to the creation of the “Metro Ticket Calculator”, which provides 3- and 
5-year overall survival probabilities based on characteristics of HCC lesions (8). 
In 2016, the Toronto criteria was proposed, which do not include size or tumor 
number restrictions, but based candidacy on absence of extrahepatic disease, 
venous thrombi, cancer-related symptoms, and high-risk features on biopsy. In 
validating this criteria, patients transplanted outside MC (with the majority being 
beyond UCSF criteria but within Toronto criteria), had 5-year survival rates that 
were not statistically different to those within MC (68% vs 78%) (9). Other trans-
plant centers outside the USA and Canada such as in Italy, England, Japan, 
Australia, New Zealand, and China have similar “expanded” criteria, and have 
shown comparable outcomes to the Milan criteria. Although individual centers 
may elect to transplant patients outside of Milan criteria, in the United States, 
tumor burden must be brought within the Milan criteria with locoregional ther-
apy to qualify for standard MELD points, which is discussed in more detail in the 
downstaging section. 

TABLE 1 Selection Criteria for Liver Transplantation

Milan criteria 
• Most common eligibility criteria for LT among patients with HCC
• Single lesion ≤5 cm, or up to 3 lesions each ≤3 cm 
• No evidence of extra-hepatic metastases or vascular invasion

Expanded criteria 
• UCSF: Single lesion ≤6.5 cm or ≤3 lesions with the largest being ≤4.5 cm and a total diameter 

≤8 cm
• Up-to-7: 7 cm as the sum of the size of the largest tumor and the number of tumors. No vascular 

invasion. 
• Toronto criteria: Any tumor size or number. All lesions require a liver biopsy and must NOT 

show poor differentiation. No extra-hepatic metastasis, venous/biliary thrombosis OR cancer 
related symptoms. 

UNOS Criteria for Downstaging
• Single lesion >5 cm but ≤8 cm
• 2-3 lesions each ≤5 cm with total diameter of all lesions ≤8 cm
• 4-5 lesions each ≤3 cm with total diameter of all lesions ≤8 cm

HCC, hepatocellular carcinoma; LT, liver transplant; MC, Milan Criteria; UCSF, University of California in San Francisco 
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Bridging therapy

Once listed for transplant, HCC patients may experience long waiting times and 
growth of tumor beyond the Milan criteria, putting them at risk for dropout from 
the waiting list. Waiting times often exceed 1 year and can be as long as 2 years 
(10). Dropout rates while awaiting liver transplantation have been noted to be 
25% at 6 months, 38% at 12 months and up to 55.1% at 18 months (11). Bridging 
therapy is locoregional therapy administered to patients on the liver transplanta-
tion waitlist to prevent tumor progression and decrease dropout rates, acting as a 
“bridge” until a suitable donor is obtained. Use of bridging therapy has steadily 
increased and is now used for most patients. Patients derive more benefit from 
locoregional therapy as the expected liver transplant list increases (12). 
Recommendations from the 2010 International Consensus Conference and EASL/
EORTC Clinical Practice Guidelines suggest bridging therapy for all patients with 
HCC within the Milan criteria, with wait times >6 months for liver transplantation 
(13). In those meeting criteria for the Milan criteria, bridging therapy has decreased 
waitlist dropout to 0–10% (12). Risk factors responsible for an increased risk of 
dropout include tumors >3 cm or multifocal disease, serum AFP >200 ng/ml, 
waitlist time >6 months, and poor response to bridging therapy (12). The data on 
survival benefit is discussed later in this chapter.

Downstaging

“Downstaging” involves treating tumors outside of the Milan criteria with locore-
gional therapy to decrease tumor burden, allowing for application of standard 
MELD exceptions and ultimately liver transplantation. UCSF first proposed a 
downstaging protocol in 2005 where lesions outside the Milan criteria were eligible 
for downstaging. Lesions included were: 1 lesion >5 cm and ≤8 cm, 2–3 lesions 
each ≤5 cm or 4–5 lesions each ≤3 cm with a total diameter ≤8 cm. In a study from 
this group between 2002 and 2012 (14), survival at 5 years post liver transplanta-
tion in patients outside the Milan criteria but who were successfully down staged 
was identical to the Milan criteria control group (78%). Similarly in 2018, in a more 
recent multi-center study from this same group, 5-year post liver transplant sur-
vival in down staged patients was excellent at 80% (14). Based on these results, 
UNOS adopted the UCSF inclusion criteria for downstaging (UNOS-DS) above and 
in 2019 finalized the policy verbiage to clearly outline this criterion. Consequently, 
patients that are initially outside the Milan criteria but meet UNOS-DS receive auto-
matic approval for MELD exception if they remain within the Milan criteria after 
locoregional therapy. Candidates that are outside UNOS-DS who receive downstag-
ing locoregional therapies to the Milan criteria must be referred to the National 
Liver Review Board (NLRB) for consideration for MELD exception. 

The options for locoregional therapies in downstaging are discussed in detail 
below. The decision on optimal locoregional therapy is contingent on multiple 
factors, but the Barcelona Clinic Liver Cancer (BCLC) staging system is often used 
to help make this decision (8). BCLC staging factors tumor burden, liver function 
and patient performance status to stratify patients by risk. Downstaging patients 
often have advanced stage disease and based on BCLS, trans-arterial chemoembo-
lization (TACE) is most utilized followed by trans-arterial radioembolization and 
ablation (15). 
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Tumor biology 

Over time, the focus of liver transplantation guidelines has shifted beyond tumor 
size and number to tumor biology and behavior (16). As a result, UNOS currently 
requires a 6-month waiting period prior to granting MELD exception points. This 
allows for observation of the tumor to ensure that it does not have aggressive biol-
ogy which rapidly progresses to metastasis and can significantly increase the 
chances of post-transplant recurrence. Downstaging is similarly helpful in assess-
ing tumor biology, in that tumors which cannot be brought within transplant 
criteria with locoregional therapy confer a poor prognosis. Conversely, tumors 
outside of the Milan criteria that respond to downstaging protocols have been 
noted with favorable histological changes, including a lack of microvascular inva-
sion, low tumor grading, and lack of satellite lesions (17) which are similarly seen 
in patients within the Milan criteria. While histological data, such as degree of 
differentiation and microvascular invasion, is helpful in predicting tumor behav-
ior and stratifying risk, it is often not available in pre-transplant settings since in 
most cases biopsy is not necessary to make the diagnosis of HCC. Therefore, there 
is significant interest in identifying serum markers which can classify tumor biol-
ogy non-invasively. 

Serum alpha-fetoprotein (AFP) has been studied extensively as a serum marker 
for HCC, and combined with tumor burden prognosticates HCC better than 
tumor burden alone (18–20). Absolute AFP >1,000 ng/ml is a strong predictor of 
vascular invasion and tumor recurrence. Patients with AFP >1,000 ng/ml had 
higher 5-year recurrence rates (53%) compared to patients with AFP 100–1,000 
ng/ml (26.8%) and <100 ng/ml (16.2%) (21). 

AFP levels have now been adopted by UNOS as a marker for exclusion for liver 
transplantation. Patients within the Milan criteria applying for MELD exception 
must have an AFP ≤1,000 ng/ml. Patients >1,000 ng/ml can still be granted stan-
dard MELD exception points provided they undergo LRT with drop of AFP <500 
ng/ml and remain within this range. If AFP >500 ng/ml after LRT, a review must 
be filed with the NLRB. 

LOCOREGIONAL THERAPIES

In this section, we discuss the most commonly used locoregional therapies in 
bridging and downstaging prior to transplant; TACE, radioembolization with 
yttrium-90 (Y-90), thermal ablative therapy and stereotactic body radiation ther-
apy (Table 2). Factors that affect decision-making when formulating an optimal 
treatment strategy include tumor stage, performance status, tumor location, sever-
ity of liver disease, organ availability and tumor biology/behavior (22).

Trans-arterial chemoembolization

TACE is one of the most commonly used bridging therapies and involves 
 intra-arterial administration of a chemotherapeutic agent, usually doxorubicin, 
mitomycin and/or cisplatin followed by an embolizing agent. Lipiodol, an 
oily  radiopaque marker used as an emulsifying agent, is coupled to the 
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chemotherapeutic agent and used as a carrier to deliver the drug to the tumor. 
Induction of ischemia and tumor necrosis through embolization of the tumor’s 
microcirculation is the primary mode of tumor killing, which is then augmented 
by the chemotherapeutic agent (23). Trans-arterial embolization can also be done 
without a chemotherapeutic component, termed bland embolization, however 
this is performed less commonly. Currently, TACE using drug-eluting beads (DEB-
TACE) has become more commonly used than conventional TACE, and as such 
in some literature the term TACE is used interchangeably with DEB-TACE. DEB-
TACE involves the injection of embolization beads that are loaded with cytotoxic 
chemotherapeutic agents to target a tumor. Contrary to conventional TACE where 
there is concern of systemic exposure, drug-eluting beads release the chemothera-
peutic in a controlled and sustained manner, minimizing systemic toxicity and 
improving drug delivery to the tumor (24). Both forms of TACE are used for treat-
ing larger (>3 cm) HCC without vascular invasion or extrahepatic spread where 
the patient has preserved liver function. Damage to normal liver parenchyma from 
arterial embolization is usually mitigated by the liver’s dual blood supply from the 
portal vein and the hepatic artery. However, recurrent treatment with TACE 
increases risk of complications and some centers recommend no more than 3–4 
treatments times a year (1). 

The most common complication of TACE, occurring in approximately 50% of 
patients, is post-embolization syndrome (25). This occurs less frequently in 
patients treated with DEB-TACE than TACE. Post-embolization syndrome con-
sists of a constellation of right upper quadrant pain, nausea, fever, fatigue, ele-
vated liver enzymes, bilirubin and mild to moderate ileus. Typically, symptoms 
last 3–4 days and self-resolve in 7–10 days. Because this occurs frequently, in 
most centers patients are observed as inpatients following TACE. Despite most 
chemotherapy being localized to liver, other systemic complications include nau-
sea, vomiting and very rarely bone marrow suppression. 

Although serious complications of TACE remain uncommon, liver failure can 
occur as a result of ischemic damage. In a meta-analysis (26), liver failure was seen 
in 7.5% of patients with HCC treated with TACE. However, liver decompensation 
occurs most often in patients who had impaired liver function prior to TACE 
treatment; therefore, patient selection is critical to reduce the risk of decompensa-
tion. Other complications of TACE include gastroduodenal ulcers (3–5%), hepatic 
abscesses (2%), bile duct injury including strictures (0.5–2%) and renal dysfunc-
tion (2%). Rare but fatal complications include pulmonary and cerebral lipiodol 
embolization. Overall, mortality rates from TACE are low at less than 1%, with 
rates between 2–3% in patients with large tumors that develop tumor lysis syn-
drome (26). Small prospective studies and a meta-analysis have compared tradi-
tional TACE to DEB-TACE in the past and have suggested lower rates of 
complications with similar tumor control in the latter (27–30). In the PRECISION-V 
study (31), the largest comparative randomized controlled trial between both, 
DEB-TACE showed less hepatotoxicity, better tumor response, and lower doxoru-
bicin related adverse effects compared to conventional TACE (in patients with 
Child-Pugh B, ECOG1, bilobar disease and recurrent disease). In the same study, 
less post procedural pain was noted with DEB-TACE. By contrast, two retrospec-
tive studies (32, 33) showed a higher risk of liver and biliary injuries with DEB-
TACE than conventional TACE. While the results are favorable, there still exists 
some heterogeneity when comparing conventional TACE to DEB-TACE. 
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Overall TACE therapies are safe in most patients. Absolute contraindications for 
TACE therapies include decompensated cirrhosis (Child-Turcorrte-Pugh B 
score >8), compromised portal vein flow or thrombus, extensive tumor in both 
lobes of the liver, and renal failure. Several other relative contraindications exist 
and include but are not limited to: serum bilirubin >2mg/dl, lactate dehydrogenase 
>425 U/L, AST >100 units/L, tumor burden >50% of the liver, severe comorbidi-
ties, and untreated esophageal varices with bleeding risk. The ideal population for 
TACE therapies is asymptomatic patients with solitary or few HCC tumors, well 
compensated liver disease, and without metastatic disease or vascular invasion. 

The use of TACE is not standardized and varies in protocol and type of embolic 
and chemotherapeutic agent use. Few randomized studies compare TACE to sup-
portive care alone, however two landmark studies by Lo et al. (34) and Llovet 
et al. (35) show a clear survival benefit in TACE compared with supportive treat-
ment. One-year survival rates were 57% (34) and 82% (35) compared to 32% and 
63% in the control groups respectively. Mean survival was significantly longer 
with TACE (28.6 months) compared to supportive care (17.9 months; P = 0.009) 
(35). Additionally, in a recent systemic review (25) including 10,000 patients, 
TACE showed response rates in >50% of patients, with 1 year survival rates >70%. 
Current European Association for the Study of the Liver (EASL) guidelines sup-
port TACE with strong recommendation, citing high quality evidence. When 
comparing TACE to transcatheter arterial radioembolization (TARE [discussed 
below]), TACE is supported by a much greater number of trials, while TARE is 
largely supported by single-center studies with variable patient cohorts (36). 
While studies comparing TACE with TARE report no difference in overall sur-
vival, a single treatment with TACE is significantly less expensive than TARE (36). 

Several favorable studies have advocated the use of TACE as effective bridging 
therapy. Lower dropout rates (3–13%) have been noted by several studies com-
pared to historical data (3). In one of the most favorable studies by Graziadei et al. 
(37), no patient experienced tumor progression following locoregional therapy 
with TACE. Five-year survival rates after liver transplantation were high at 93% 
and tumor recurrence rates were notably low (2%) despite long waiting times 
prior to liver transplantation (mean of 178 days). While these studies show posi-
tive results, other studies (38–40) are less favorable and show no benefit in post 
liver transplantation survival or tumor recurrence.

Downstaging using TACE has been shown to be effective, however success 
rates have been variable in the literature. In the first ever study on locoregional 
therapy in 1997, 62% of patients outside of MC were down staged with improved 
5-year survival when compared to patients who could not be down staged with 
TACE or did not receive TACE (1). Other studies have shown a similar favorable 
role of TACE in downstaging patients to MC, however results remain inconsistent 
with success rates ranging from 24% (41) to 90% (42).

Despite continued improvement in technique and patient selection, there con-
tinues to be debate regarding the ideal patient population, tumor burden and 
tumor biology for TACE in the treatment of HCC.

Transcatheter arterial radioembolization 

TARE with Yttrium-90 glass microspheres induces extensive tumor necrosis with 
a favorable safety profile. Y-90 is a beta-emitting radioisotope of Yttrium that is 
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attached to a bead and injected into the hepatic artery, designed to emit radiation 
over a very small distance within the liver (2.5 mm). Y-90 undergoes beta decay 
and irradiates the nearby tumor causing cell death. In comparison to TACE, this 
procedure provides therapeutic effect through radiation instead of embolization. 
This results in reduced toxicity and damage to the liver parenchyma and can be 
used safely in patients with portal vein thrombosis (43, 44). The half-life of Y-90 
is 2.67 days, and almost all radiation is delivered to the tumor within 2 weeks 
after treatment. TARE has been used for bridging, downstaging, as a palliative 
treatment for advanced disease, and as adjuvant therapy for surgically resected 
HCC (45, 46). 

Before the use of TARE, visceral angiography mapping with technetium-99 
and SPECT-CT is required to detect shunts to the GI tract or lung. If shunts can-
not be reduced to less than 20% of the hepatic artery blood flow or less than 30 
Gy radiation dose absorbed to the lungs via embolization or other means, there is 
a high risk of toxicity and TARE should not be performed. Contraindications are 
similar to TACE, however, unlike TACE, main portal vein thrombosis or obstruc-
tion is not a contraindication (47). TARE is also safe in patients with prior tran-
sjugular intrahepatic portosystemic shunt (48). Overall tolerance and safety are 
comparable to TACE, despite fewer published studies involving TARE. However, 
post-embolization syndrome is less common and tends to be less severe when it 
does occur (49). Complications unique to TARE include radiation-induced liver 
disease (RILD), radiation-induced biliary stricture, radiation-induced pneumoni-
tis, and radiation induced enteritis. The frequency and risk factors for each have 
not been well studied and are listed in only a few studies. RILD is considered to 
be a serious event, with two studies (50, 51) suggesting rates between 4% and 
20%, and presents as jaundice, ascites, and manifestations of liver decompensa-
tion 2–8 weeks after treatment. The risk of RILD increases with repeated Y-90 
administrations (51). Radiation-induced biliary stricturing is a less common 
adverse effect of TARE occurring in less than 10% of patients (52). The frequency 
of these complications has decreased with improvement in technique and 
increased experience. As with TACE, proceduralists must be cautioned against 
inadvertent embolization of the cystic artery to prevent gallbladder necrosis. 
Radiation-induced pneumonitis and enteritis may occur if shunts to the gastroin-
testinal tract or lung are detected on pre-procedural evaluation, but rarely occur 
if standard precautions are followed. Lastly, a theoretical concern with Y-90 used 
as a bridge includes the risk of radiation exposure to the surgical or pathology 
team handling the explanted liver, but considering its short half-life, this only 
seems to be a consideration if liver transplantation is performed within 4 weeks 
of TARE (3).

Because there are limited head-to-head comparisons between TACE and TARE, 
there is no consensus regarding when/if TARE should be chosen over TACE. 
However, TARE has been used increasingly due to a number of favorable studies. 
Lewandowski et al. (53) compared TARE to TACE in T3 staged HCC down staged 
to T2 which showed a significantly better response (61% vs 37%) and slower time 
to progression (33.3 months vs 18.2 months). TARE-based bridging protocols 
have also been associated with fewer pre-transplant locoregional therapy and had 
lower rates of microvascular invasion in the explanted liver, which is associated 
with risk of post-transplant HCC recurrence. Salem et al. (54) performed random-
ized controlled trials (RCTs) comparing TARE to TACE (PREMIERE trial) in 179 
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patients and reported a significantly longer time to progression in TARE than with 
TACE. The complication rate was also lower in the TARE group. Ettore et al. (55) 
performed TARE in a small cohort of patients (22) with the majority being outside 
the Milan criteria, and successfully bridged all patients and down staged 79% of 
patients outside Milan criteria. More recently, the TRACE trial (56) compared Y-90 
to DEB-TACE and included patients with BCLC A/B, ECOG 1 and segmental por-
tal vein thrombosis. This study showed superior results in the Y-90 group with 
slower time to progression, improved survival, and comparable safety profiles 
between Y-90 and DEB-TACE. While these results are favorable, few current stud-
ies overall have noted a difference in survival between TARE and TACE. Other 
limitations to several favorable TARE trials include single centered studies, small 
cohorts of patients, inherent physician biases and heterogeneity in results and 
reporting. Lastly, TARE is more costly than TACE and may preclude its use at 
some institutions (36). 

Overall, TARE is likely to be used preferentially where there is higher level of 
expertise, familiarity with the procedure, in those with infiltrative tumors, portal 
vein invasion, larger tumors (>2 segments) and those with progression of tumor 
despite use of TACE. 

Thermal ablation 

Multiple ablative techniques including radiofrequency ablation (RFA), microwave 
ablation (MWA), and cryoablation use directly applied thermal energy to induce 
tumor necrosis. RFA is the most commonly used and most widely studied of these 
interventions and therefore the focus of discussion for this section. RFA involves 
the insertion of narrow probes under imaging guidance, either ultrasound or 
computed tomography, into a targeted liver lesion. The probes can be inserted 
percutaneously, usually by an interventional radiologist or laparoscopically by a 
surgeon. High-frequency alternating currents move from the electrode to the 
lesion, creating a frictional pattern of ion movement which induces heating and 
necrosis to the target lesion (57). Tumor cells die as the tissue becomes heated 
above 60 degrees Celsius. The ablated area consists of the tumor plus 5–10 mm 
boundary of nearby liver parenchyma (58). While there is no absolute tumor size 
for RFA, most reported favorable outcomes to suggest smaller tumors <3 cm 
(59, 60), less than or equal to 3 nodules, and without major vascular or biliary 
structures near the target lesions. 

Limitations of RFA involve the duration of treatment and the risk of thermal 
injury to nearby anatomical structures. RFA typically takes 16–18 mins to ablate 
a 3–4 cm lesion and there is a risk of dissipating heat energy to nearby blood 
vessels (>3 mm) termed the “heat sink effect”; the “cooler” vascular flow near 
the lesion may absorb heat resulting in incomplete tumor necrosis in the target 
lesion. 

Additionally, RFA is not suitable for lesions near certain anatomical structures, 
namely the dome of the liver, the gallbladder and the biliary tree (60). There is 
also a risk of liver capsule rupture (~2%) and resulting peritoneal seeding when 
treating peripheral tumors (3). Overall, the major complication rate ranges from 
2.4–13.1%, but RFA is still superior to surgical resection (13). Livraghi et al. (61), 
in 218 patients with small and early HCC, showed no perioperative mortality in 
RFA with lower than previously suggested rates of major complications (1.8%). 
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Analysis of 5 large series (59) showed major complications to be as low as 4.6% 
and mention RFA to be quite safe. Other complications are listed but are relatively 
uncommon, such as abscess formation, portal vein thrombosis, thoracic injury, 
liver decompensation, and bleeding. As in TACE/TARE, post-procedural abdomi-
nal pain similar to post-embolization syndrome is also a consideration.

Overall, RFA is an effective LRT for bridging therapy to prevent dropout and is 
recommended in small early HCC < or equal to 3 cm (13), with less favorable 
results in larger tumors. Large studies such as by Lu et al. (62) and Mazzaferro 
et al. (63) have shown dropout rates as low as 0–6% when RFA is used as bridging 
therapy. In larger tumors >3 cm, combination treatments as a bridge to liver trans-
plantation have shown promise. In a review of 7 RCTs (62), a combination of RFA 
and TACE was superior to RFA alone and showed a significant survival advantage. 
More recent studies (64, 65) have also shown improved outcomes with combina-
tion treatment than RFA alone when used as a bridge to liver transplantation, 
especially in larger tumors between 3–5 cm. 

RFA is more limited in downstaging, as these tumors are outside MC and often 
>3–4 cm. The mechanism in MWA is similar to RFA and is favored at some cen-
ters as it offers more rapid heating, shorter treatment time and larger ablative 
zones without an observed heat sink effect. Cryotherapy has also shown favorable 
results in bridging locoregional therapy for small HCC lesions, but is not widely 
adopted and has inherent limitations.

Stereotactic body radiation therapy

Stereotactic body radiation therapy (SBRT) is a more recently adopted treatment 
modality for bridging in HCC and for inoperable patients. SBRT involves directing 
multiple nonparallel radiation beams at narrow target sites through single or few 
high-dose radiation fractions. It is an alternative for patients with decompensated 
liver disease that may not be candidates for other locoregional therapies (12). 
Although HCC is a particularly radiosensitive tumor, care must be taken to deliver 
as little radiation to the surrounding parenchyma as possible to reduce the risk of 
toxicity and decompensation. Before SBRT, 4-dimensional imaging is used to map 
the target site. Contrary to conventional external beam, which delivers small 
doses of radiation over several weeks, SBRT delivers very large doses of radiation 
per session and can be completed in 1–5 days. A variety of dosing and fraction-
ation protocols have been used, with doses ranging from 24–60 Gy over 3–6 frac-
tions (65). Sessions typically last 30–60 mins. Compared to ablative therapy, SBRT 
is advantageous in that it can treat lesions near the dome of the liver sparing lung 
parenchyma, near the gallbladder, and near large vessels (3). There is no concern 
about the heat sink effect. SBRT can spare large portions of normal liver tissue 
from RILD. The adverse effects of SBRT are limited and mostly nausea, vomiting, 
abdominal pain, and rarely GI ulcers have been noted (3).

Few studies have compared SBRT to other forms of locoregional therapy, but 
results have been favorable, especially when used as a neoadjuvant treatment. The 
first study in 2009 (66) showed that SBRT was both safe and effective in those 
awaiting liver transplantation that could not tolerate TACE, RFA, and percutane-
ous ethanol injection. A larger study (65) corroborated these results and found 
SBRT to be both safe and effective in patients with Child A/B liver cirrhosis and 
lesions ≤6 cm. More recently, Sapisochin et al. (67) compared SBRT to TACE or 
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RFA as a bridging therapy in 379 patients meeting Toronto extended criteria. They 
found similar 5-year survival and dropout rates across all three modalities. A pro-
spective study by Lee et al. (68) evaluated SBRT in decompensated cirrhosis with 
Child-Pugh B or C cirrhosis. Patients had either already completed TACE prior to 
SBRT or had TACE in combination with SBRT. This study showed favorable results 
as the Child-Pugh class remained stable in 30%, and even improved in 22% of 
patients, and was associated with an overall improvement in survival. Other stud-
ies (69–71), mostly retrospective in nature, all show comparable outcomes in 
local control of disease. These studies suggest that SBRT can be used safely as 
bridging therapy when other modalities have failed or are not applicable. 
Additionally, SBRT may offer advantages in patients with liver dysfunction who 
may not tolerate TACE or RFA (67). Overall, SBRT has now emerged as an effec-
tive LRT for patients with advanced disease with minimal toxicity. 

CONCLUSION

Bridging therapy is now the standard of care to prevent waitlist dropout and 
decrease HCC recurrence post-transplant. There are no prospective RCTs compar-
ing locoregional therapy modalities before liver transplantation, therefore no sin-
gle bridging modality is recommended over another (13). The literature remains 
difficult to analyze due to non-standardized treatment protocols and heteroge-
neous patient populations. Recently, Kulik et al. compared 18 studies (72) and 
found that bridging locoregional therapy had no significant impact on survival 
rate or HCC recurrence post-transplant. Several studies were found to have impre-
cision regarding inclusion criteria, as some patients were within the Milan criteria, 
outside the Milan criteria, or undefined (11). The lack of randomized studies and 
potentially biased patient selection in these studies should also be considered; 
patients who received locoregional therapy, when compared to those who did not, 
likely had more risk factors such as advanced tumors, aggressive tumor biology, 
and longer wait times (72). Overall, bridging locoregional therapy is safe and 
effective. The type of locoregional therapy selected is based on liver function, size, 
the number of tumors, and institutional experience. Ablation is the preferred 
modality for smaller tumors with a size ≤3 cm; the type of ablation is expertise-
dependent, but RFA is frequently used. Larger lesions are typically treated with 
TACE or Y-90 TARE based on institutional experience and/or preference. SBRT is 
a novel approach and has shown promising outcomes for those with liver dys-
function, failed other locoregional therapies, or for those who are no longer liver 
transplant candidates. 

Like bridging therapy, there remains no consensus on optimal downstaging 
strategy. Several factors result in largely varying success rates (~25–90%) (11) as 
numerous inconsistencies in the current literature make data interpretation diffi-
cult. Firstly, the definition of downstaging is poorly defined amongst studies. 
None of the present studies were randomized controlled trials (11). Some studies 
define downstaging as the reduction of tumors to the Milan criteria, others base 
downstaging on the complete absence of tumors, and few use explant pathology 
to defined success (11). Secondly, there are inconsistencies in locoregional ther-
apy selection, varying tumor burden before locoregional therapy, and differing 
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criteria to access radiographic response (72). Lastly, there is no universal defini-
tion for the waiting period following downstaging to determine efficacy and tim-
ing for liver transplantation (11). Despite these inconsistencies, there is optimism 
in tumor downstaging prior to LT. The recent adoption of UNOS-DS as inclusion 
criteria and focus on tumor biology rather than tumor burden alone has increased 
access to liver transplantation. 

Since no single bridging or downstaging modality is advocated over another, 
expert preference often leads to individualized therapy. Additional research on 
expanded transplant criteria and organ allocation models would be of benefit. 
Further trials studying to define optimal waiting times after downstaging 
and standardizing study variables (demographics, treatment protocols, etc.) 
would minimize confounding factors to allow for a more accurate data 
interpretation.
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