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Abstract

Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver
and has an overall five-year survival rate of less than twenty percent. For patients
with unresectable disease, evolving liver-directed locoregional therapies provide
efficacious treatment across the spectrum of disease stages and via a variety of
catheter-directed and percutaneous techniques. Goals of locoregional therapies in
HCC may include curative intent in early-stage disease, bridging or downstaging
to surgical resection or transplantation for early or intermediate-stage disease, and
local disease control and palliation in advanced-stage disease. This review
explores the outcomes of chemoembolization, bland embolization, radioembol-
ization, and percutaneous ablative therapies. Attention is also given to prognostic
factors related to each of the respective techniques, as well as future directions of
locoregional therapies for HCC.

Key Words: Hepatocellular carcinoma; Bland embolization; Chemoembolization;
Radioembolization; Transarterial embolization; Thermal ablation; Locoregional therapy
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therapies for hepatocellular carcinoma, as well as future directions and promising new
techniques. Therapies including transarterial bland embolization, chemoembolization,
and radioembolization, as well as percutaneous ablation are reviewed. Prognostic
considerations vary by indication but generally follow baseline disease staging and
tumor quantification. Outcomes data reveal survival benefits in appropriately selected
patients. New advances in precision medicine, combination therapy, and immuno-
therapy are being investigated.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common cancer globally[1] and the
most common primary liver malignancy[2,3], comprising over 90% of liver tumors[4,
5]. The overall prognosis of HCC involves a complex interplay of baseline clinical
staging, underlying liver function, and demographic factors[6,7]. Nonetheless, the 5-
year relative survival rate for primary liver cancer is estimated to be 19.6%[8], with a
mean survival being reported between 6-20 mo[5]. The unfavorable prognosis of HCC
highlights the importance of treatment innovation and improvement. Surgical therapy
has been the traditional definitive management in eligible patients; however, fewer
than 20% of HCC patients are candidates for surgical resection based on a variety of
tumor and disease characteristics. For the remainder of HCC patients, liver-directed
locoregional therapies form the mainstay of treatment.

Locoregional therapies play a vital role in HCC therapy across a vast range of
disease stages[9]. Image-guided techniques with locoregional delivery of chemothera-
peutic, radiotherapeutic, or ablative therapy are flourishing[10,11]. Minimally-invasive
approaches, such as transarterial chemoembolization (TACE), transarterial
embolization (TAE), transarterial radioembolization (TARE), and ablation may be
indicated based on patient clinical status and tumor characteristics. Treatment goals
may include bridging to or downstaging for transplant eligibility, inducing
parenchymal hypertrophy to enhance function following resection, disease control and
palliation, and, in some instances, cure[10]. In general, locoregional liver-directed
treatments provide less morbidity than traditional surgical options while also
improving outcomes compared to traditional systemic therapies[12]. This paper
reviews prognostic factors and outcomes of locoregional therapies for HCC. We
discuss how prognostic factors overlay the clinical staging systems most commonly
used, the existent data regarding survival and treatment response, and future
directions of locoregional HCC therapy.

TACE

TACE relies on a combination of targeted chemotherapeutic and embolic agents[13].
Transarterial therapies make use of a mismatch in blood flow between healthy liver
parenchymal tissue and hepatocellular tumors. Unlike normal liver parenchyma,
which derives most of its blood supply from the portal venous system, hepatocellular
tumors are primarily perfused via the hepatic arterial system[14]. Thus, normal tissue
is preferentially spared when therapies are targeted at tumor tissue through the
hepatic arterial tree. Conventional TACE (cTACE) utilizes hepatic arterial adminis-
tration of a chemotherapeutic agent emulsed with lipiodol oil to increase chemothera-
peutic concentration and decrease pharmacologic washout. Chemotherapeutic and
embolic agent administration via drug-eluting beads (DEB-TACE) has been shown to
provide less systemic chemotherapy uptake, an increased ischemic effect, and a more
homogenous drug distribution due to decreased variability in delivery technique[15-
19]. Use of small drug-eluting microspheres (DEM-TACE) and balloon occlusion
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catheters (B-TACE) represent newer approaches to chemoembolization, albeit with less
comparative data in HCC treatment at this stage[20-22]. A summary of these TACE
approaches, as well as approaches, clinical strengths, and risks of the other locore-
gional therapies discussed here can be seen in Table 1.

Prognostic factors

The staging of HCC is particularly complex due to the varying presence of
accompanying liver dysfunction. Prognostic factors for HCC patients undergoing non-
surgical treatment have coalesced into several existing clinical staging systems to
predict survival and adverse events. Examples include the Okuda staging system,
Cancer of the Liver Italian Program staging system, Hong Kong Liver Cancer staging
system, and Barcelona Clinic Liver Cancer (BCLC) classification scheme[23-25]. Other
clinical indices which must be considered for prognosis include Albumin-Bilirubin and
Model for End-stage Liver Disease[26]. Overall survival (OS) in HCC patients is most
strongly related to performance status, tumor burden, hepatic reserve, and
extrahepatic spread[23,27,28].

The most widely used prognostic tool in HCC is the BCLC[29,30], which has
garnered international consensus endorsement for patient treatment stratification[31].
A treatment schematic for HCC based on BCLC classification is shown in Figure 1. The
BCLC staging system matches liver dysfunction, tumor burden, and performance
status to a recommended therapy[27,32]. Specifically, the BCLC utilizes Child-Pugh
score and Eastern Cooperative Oncology Group (ECOG) status in addition to
indicators of tumor burden. BCLC stratifies patients into five stages, categorized from
stage 0 for “very early detection” to stage D for the most advanced disease cases.

Patients in BCLC stage 0 and BCLC stage A should generally undergo surgical
resection if they are otherwise strong surgical candidates. In certain circumstances,
TACE may be used as a bridge to surgery or as primary therapy when patients in
these stages are non-candidates for surgery or ablation[12,33]. TACE is a first-line
therapy recommendation for intermediate, unresectable HCC (BCLC stage B)[34].
Advanced disease (BCLC stage C) patients typically require systemic therapy,
traditionally in the form of sorafenib or Lenvatinib[35]. More recently, combination
atezolizumab and bevacizumab has gained endorsement as first-line therapy in the
American Society of Clinical Oncology’s 2020 clinical practice guideline on systemic
therapy[36]. When local disease control is needed for advanced disease, TACE may be
indicated for use alone or in combination with systemic therapy. A current phase III
study is evaluating TACE in combination with Lenvatinib and Pembrolizumab for
advanced, non-metastatic disease[37]. In addition to being useful in stratifying patients
to appropriate treatment, BCLC class is a useful tool in prognosticating survival
following TACE, with many studies stratifying survival based on these categories.

Despite the prevalent adoption of BCLC as the gold standard staging and
management decision tool for HCC, other staging tools have been investigated and are
utilized in certain situations. The AFP, BCLC, Child-Pugh, and Response (ABCR) score
also predict retreatment success. Specifically, ABCR uses a baseline AFP over 200,
more advanced BCLC stage, increase in Child-Pugh score of at least 2 from baseline,
and absence of radiologic response to create a score range of -3 to +6, correlating with
survival post-TACE retreatment. A score greater than or equal to 4 prior to a second
TACE treatment prognosticates poor outcomes.

Prognostic factors may also indicate risks related to post-procedural complications.
Post-embolization syndrome (PES) consists of post-procedural fever in the absence of
infection, transaminitis, right upper quadrant pain, and nausea or vomiting. PES is a
risk common to each of the transarterial therapies. Up to 80% of patients may
experience a component of PES following TACE, however rates of serious clinical
sequela of PES are much lower[38]. Most cases of PES resolve within 72 h. Features
predictive of an increased risk of PES following TACE are tumor > 5 cm, multiple
tumors, and technical considerations relating to procedure performance[39]. Other
complications of TACE include acute hepatic failure, abscess, biloma, iatrogenic
dissection, and acute cholecystitis. These more serious complications are reported at a
combined rate of approximately 5% of cases[40,41].

Outcomes

In addition to typical outcomes measures in oncology - such as OS, progression-free
survival (PFS), and time-to-progression (TTP) - tumor response outcomes are
especially important in HCC due to the complexity of such patients who often
undergo multiple therapies that can confound long-term outcomes. The most widely
used tool for measuring tumoral response to treatment in HCC is the 2010 modified
Response Evaluation Criteria in Solid Tumors (mRECIST)[42,43]. The mRECIST
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Table 1 Locoregional therapy techniques, benefits, and risks

Locoregional

. Techniques Clinical advantages Clinical risks
modality
TACE Drug-eluting beads or Provides both local embolic and chemotherapeutic effect PES, biloma, liver abscess, liver
conventional delivery failure
TAE Particulate or other embolic ~ Avoids radio and chemotoxicity; less expensive than other PES, biloma, liver abscess, liver
agents embolotherapies failure
TARE Y% microspheres May be used in early disease with curative intent; intermediate PRS, RILD, radiation-induced
disease can be used to increase FLV to qualify for curative intent pneumonitis, biloma, liver
surgery; best QoL scores of all options abscess, liver failure
Ablation Radiofrequency current, Efficacious as monotherapy for early-stage disease; less morbidity ~ PAS, iatrogenic injury, bleeding
microwaves, or than transarterial therapies
cryoablation

TACE: Transarterial chemoembolization; PES: Post-embolization syndrome; TAE: Transarterial embolization; TARE: Transarterial radioembolization; FLV:
Functional liver volume; QoL: Quality of life; PRS: Post-radioembolization syndrome; RILD: Radiation-induced liver disease; PAS: Post-ablation syndrome.

BCLCB BCLCC BCLC D

Resection
eligible?

Ablation
eligible?

TACE, TAE, TARE,

) Systemic therapy Palliation
or ablation + TACE

Resection

Ablation or

_ TARE segmentectomy
ablation + TACE

Figure 1 Hepatocellular carcinoma treatment algorithm based on Barcelona Clinic Liver Cancer-staging[13]. BCLC: Barcelona Clinic Liver
Cancer; TARE: Transarterial radioembolization; TACE: Transarterial chemoembolization; TAE: Transarterial embolization.

treatment response tool builds on the traditional RECIST model of evaluating
reduction in tumor size; however, because locoregional therapies induce devascular-
ization and necrosis—and not always a reduction in size[44] - the American
Association for the Study of Liver Diseases proposed mRECIST and the utilization of
arterial enhancement measurements[45]. The effectiveness of these tools has been
validated by a meta-analysis from Vincenzi et al[46]. More recently, three-dimensional
imaging techniques have brought about more quantitative versions of these clinical
response tools, namely volumetric RECIST and quantitative EASL (qEASL), which are
being evaluated for efficacy and specific indications[47]. However, mRECIST remains
the most widely used treatment response tool in practice.

Outcomes for both cTACE and DEB-TACE have consistently proven superior to
conservative therapy[48,49]. Thus, as previously mentioned, TACE is to be considered
for patients with advanced, unresectable disease who may not tolerate side effects of
systemic therapy and who have acceptable hepatic function. This becomes especially
important because systemic sorafenib has considerable toxicity, including diarrhea,
weight loss, dermatitis, and hypophosphatemia[50]. Combination therapy using TACE
with systemic sorafenib for both advanced and intermediate disease has been invest-
igated. TACE induces ischemia which leads to the production of neoplastic angiogenic
growth factors. The anti-angiogenic actions of sorafenib block these angiogenic factors.
The GIDEON study[51] demonstrated through global observational data that patients
given TACE concomitantly with sorafenib achieved better OS (21.6 mo) compared to
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patients treated with sequential TACE then sorafenib (12.7 mo) and compared to
patients treated with only sorafenib (9.7 mo). The concomitant treatment group’s
survival superiority was present across all BCLC stages. Importantly, the study calls
attention to the need for further standardization of TACE technique as many centers
reported logistical differences in treatment plans. The phase II SPACE trial[52]
randomized intermediate stage HCC patients to DEB-TACE with sorafenib vs DEB-
TACE with placebo treatment arms. Time to progression was similar in both treatment
groups, and both options demonstrated adequate safety profiles. More recently, the
phase II TACTICS trial showed a significant difference in PFS of TACE and sorafenib
vs TACE alone (25.2 mo and 13.5 mo, respectively)[53]. Combination TACE and
sorafenib also displayed significantly prolonged TTP.

TACE is also implicated in strategies for early-stage patients who need adjunctive
procedures prior to surgery. In combination with portal vein embolization (PVE),
TACE may induce contralateral liver hypertrophy to allow for tumor resection in
patients with inadequate predicted future liver remnant (FLR). The utility of TACE in
this setting is to decrease the risk of tumor progression during the period of time it
takes PVE to induce FLR hypertrophy. A systematic review and meta-analysis
concluded that TACE combined with PVE provided higher OS than PVE, portal vein
ligation (PVL), or radioembolization of the portal vein alone[54]. Of patients receiving
both TACE and PVE, 90% went on to receive resection. These strategies may be further
explored to increase liver resection eligibility rates in the future. Bridging or
downstaging patients for liver transplantation is another use for TACE in early-stage
patients[5].

Several prospective studies comparing cTACE vs DEB-TACE have found no
significant difference in OS, including one meta-analysis examining results from four
randomized clinical trials and eight observational studies[48,49,55]. Beyond survival,
the PRECISION-V trial demonstrated that in a subgroup of advanced HCC patients
with Child-Pugh B, ECOG 1, bilobar, and recurrent disease, patients receiving DEB-
TACE had higher rates of complete response, objective response, and disease control at
6 mo compared to patients receiving cTACE[48]. Concerning safety endpoints, DEB-
TACE was originally theorized to provide fewer adverse events and a lower risk of
post-embolization syndrome characteristics; however, the PRECISION-V trial found
comparable 30-day adverse event incidence between the two groups[48]. Comparable
safety profiles between cTACE and DEB-TACE were upheld through meta-analysis as
well[55]. Observationally, DEB-TACE has displayed higher localized biliary injury
rates and global hepatic damage[56]. In another randomized trial, Golfieri et al[49]
found that DEB-TACE patients suffered less post-operative pain. The overall
comparative safety and efficacy of cTACE vs DEB-TACE needs further exploration and
likely has significant situational considerations which must be applied. Other areas of
TACE outcomes that warrant further investigation include more rigorous standard-
ization of cTACE protocols[57], the efficacy and considerations of TACE in portal vein
thrombosis, and TACE for larger (> 5 cm) or multifocal lesions[58]. Primary outcomes
for TACE, as well as the other forms of locoregional therapy discussed here, can be
viewed in Table 2.

TAE

TAE is commonly referred to as “bland” embolization because the embolic particles
lack additional chemical or radiation components. With this therapy, endovascular
arterial occlusion induces hypoxia and subsequent death of tumor cells[59]. As with
other transarterial therapies, optimal vascular catheter placement results in a
maximally selective effect on tumor cells. Care must be taken to avoid arterial-venous
shunts which could cause pulmonary arterial embolization with smaller particles.
Embolic agents used have historically included gel foam, polyvinyl alcohol, and
various drug-eluting beads[45]. The lack of chemotoxicity and radiotoxicity associated
with this therapy means that tumoral response is primarily derived from a hypoxic cell
death mechanism. It also means that the therapy may hold advantages in certain
patients who have an especially high need to spare healthy liver parenchyma.

Prognostic factors

BCLC class B patients receive the most disease-control benefit from TAE, followed by
class C patients[48]. Additionally, BCLC class A patients may undergo TAE to
maintain eligibility for transplantation per the Milan criteria, a prognostic tool shown
to improve 4-year OS in liver transplant when used for patient selection[60]. The Milan
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Table 2 Summary of primary outcomes of locoregional therapies for hepatocellular carcinoma

Locoregional
technique

Primary outcomes

TACE

TAE

TARE

Ablation

TACE provides a survival benefit compared to supportive care in unresectable disease[34]. Concomitant TACE and sorafenib is
superior to standalone therapy for unresectable disease[51-53]. Comparisons of DEB-TACE versus cTACE have yet to reveal significant
differences in OS and short and long-term complication rates. Further studies are needed for considerations in more specific
circumstances[48,49]. When combined with PVE, TACE provides more robust FLR increase and results in better survival compared to
monotherapy strategies to enhance FLR[54].

TAE provides a survival benefit compared to supportive care in unresectable disease[34]. Early data of chemoembolization has shown
little survival benefit over TAE, but superior proximate outcomes such as TTP and tumor response compared to TAE[63,64].

TARE shows similar complication and survival rates to TACE, while producing higher QoL scores and longer TTP[77,78]. TARE
segmentectomy for early-stage disease (tumors < 3 cm) results in a 5-year survival of 75%, which is comparable to curative intent
therapies such as transplantation and surgical resection[81]. TARE lobectomy provides a significant increase in FLR and is a safe
mechanism to treat tumor while inducing contralateral hypertrophy[82-86].

In early-stage patients, standalone percutaneous ablation produces comparable survival outcomes to surgical resection[113-116]. REA
and MWA techniques show similar outcomes in early-stage disease (tumor <3 cm)[108,119]. Combination therapy using TACE and
ablation (particularly MWA) provide the best outcomes for large tumors (tumor 3-5 cm)[120].

TACE: Transarterial chemoembolization; DEB-TACE: Drug-eluting bead chemoembolization; cTACE: Conventional transarterial chemoembolization; OS:

Overall survival; PVE: Portal vein embolization; FLR: Future liver remnant; TAE: Transarterial embolization; TTP: Time-to-progression; TARE:

Transarterial embolization; QoL: Quality of life; RFA: Radiofrequency ablation; MWA: Microwave ablation.

Jaishideng®

criteria consists of one lesion less than 5 cm or up to three lesions less than 3 cm, no
evidence of extrahepatic manifestation, and no evidence of vascular invasion.
Similarly, TAE is an option for downstaging of BCLC class B patients for trans-
plantation. TAE is contraindicated in patients with severe comorbidities or with poorly
preserved liver function as evidenced by Child-Pugh scores of B8 or higher, untreated
esophageal varices, elevated markers of liver function, creatinine clearance < 30
mL/min, and high tumor burden[61].

Prognostically, a key advantage of TAE relative to other transarterial options is its
gentler impact on short-term adverse events, possibly due to the avoidance of
chemotherapy toxicity. As with other embolotherapies, bland embolization poses risk
for PES. Agrawal et al[62] reported a higher incidence of PES among patients
undergoing TACE (74.7%) compared to TAE (68.7%). PES following TACE resulted in
a significantly longer hospital stay than PES following TAE (1.47 d vs 1.12 d). This
observational study further identified that, in addition to the PES risk factors
mentioned in the previous section, more patients who were female or who had
alcohol-related HCC developed PES.

Outcomes

Like other embolotherapies, TAE offers a survival benefit compared to conservative
treatment. Llovet et al[34] found that compared to best supportive care, repeated
administration of either TACE or TAE showed a survival benefit in patients with
unresectable HCC. While TACE provided even higher survival probabilities than TAE
in the study, both therapies performed better than conservative treatment.
Comparison of bland embolization and chemoembolization is an ongoing focus of
research. Despite some data suggesting TACE's superiority to TAE, multiple studies
investigating bland embolization compared to either cTACE or DEB-TACE have failed
to demonstrate significant differences in OS between the two[63-65]. Importantly,
much of the early data accumulated on the comparative efficacy of TACE and TAE
was collected during a period of evolving indications and chemotherapeutic protocols
for TACE. Furthermore, the development of DEB-TACE may continue to influence
overall comparisons of bland embolization and chemoembolization.

Some studies have shown benefits to TACE compared to TAE in more proximate
outcomes such as TTP, tumor recurrence, and local response. For example, a trial by
Meyer et al[65] found insignificant differences in median OS and PFS among TAE and
cTACE, but found a significantly greater mRECIST treatment response in cTACE vs
TAE (47.3% vs 67.4% respectively). However, because several studies have shown TAE
performing comparably to TACE in terms of survival, and because TAE lacks
utilization of chemotherapy particles, TAE may be better tolerated in HCC patients
with borderline liver function[45].
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TARE

TARE, also referred to as selective internal radiotherapy (SIRT) and Y®, uses a
radioisotope form of yttrium to selectively target tumor cells via the hepatic arterial
tree[66]. The Y* radioisotope is delivered using microspheres and, once reaching
target tissue, undergoes beta decay to locally irradiate the tumor in a continuous, low-
dose fashion over a fourteen-day period. TARE is considered a two-stage treatment
process because a planning arteriography must be performed one to two weeks before
the radiation-delivering procedure[67]. This planning stage helps to differentiate
tumor and hepatic arterial supply, isolate the future path of radiation delivery via
embolization of extrahepatic vessels at risk of nontarget microsphere delivery, and
identify the degree of hepatopulmonary shunting[68]. Technetium-99m labeled
macroaggregated albumin is combined with single photon emission computed
tomography imaging technology to provide imaging for this stage[69]. After TARE,
there is a longer wait time compared to other embolization techniques until the
treatment effect is fully realized, with therapy response imaging taking place 3-6 mo
following the procedure[70].

Prognostic factors

Characteristics most predictive of post-TARE prognosis are extrahepatic disease,
baseline BCLC stage, ECOG performance status, and tumor burden[71]. In a multi-
center study, Sangro ef al[72] analyzed a cohort of 325 patients undergoing TARE.
Median OS was strongly influenced by BCLC staging (BCLC A 24.4 mo; BCLC B 16.9
mo; BCLC C 10.0 mo). Other significant predictors of superior survival following
TARE were ECOG performance status (ECOG 0), Child-Pugh class (A), absence of
ascites, baseline total bilirubin (< 1.5), number of tumor nodules (< 5), alpha-
fetoprotein level (< 400), patent portal vein, single lobe disease, and absence of
extrahepatic disease.

Understanding the influence of the pre-procedural disease stage on post-TARE
survival is important because TARE maintains indications across the spectrum of HCC
severity. Patients with advanced disease may benefit from the local tumor control and
palliative effects of TARE. TARE is an acceptable treatment alternative to TACE for
first-line therapy for BCLC class B patients[73]. Early-stage patients in BCLC classes 0
and A may benefit from TARE radiation segmentectomy. Early-stage patients may
also benefit from TARE lobectomy in an attempt to either downstage for trans-
plantation or induce contralateral hypertrophy for future resection.

Common complications of TARE are well characterized. Radiation-induced liver
disease (RILD) is an adverse event unique to TARE among the locoregional therapies.
RILD involves an extensive array of local vascular, fibroblastic, and parenchymal
change[74]. Risk of RILD may be increased by gemcitabine, which must be held for
four weeks prior to the procedure[75]. Padia et al[76] report the overall risk of RILD
following TARE to be 1%-4%. They also report rates of other common adverse events,
including GI ulcers (0%-5%), PES requiring extended hospitalization or readmission
(1%-2%), iatrogenic dissection (1%), and death within 30 d (2%). There was a less than
1% reported rate for radiation-induced skin-injury, radiation pneumonitis, radiation-
induced pulmonary fibrosis, biloma requiring drainage, and abscess. A hepatopul-
monary fraction above 20% predicts an increased likelihood of radiation pneumonitis.
Relative contraindications to TARE include an elevated baseline bilirubin level (> 2
mg/dL), an elevated hepatopulmonary fraction (> 20%), Child-Pugh class C, ECOG
score over 2, significant transaminitis (ALT or AST > 5x upper limit of normal), and
total tumor burden over 70% of the liver or total tumor burden over 50% with a high
number of nodules[12]. Of these variables, elevated baseline bilirubin and increased
tumor burden have been shown to decrease OS[18].

Outcomes

TARE appears to have comparable complication and survival rates to TACE. The
SIRTACE trial compared TARE vs TACE in unresectable HCC and found that a single
TARE session was as safe and produced a better quality of life (QoL) change than
multiple TACE sessions[77]. More recently, the PREMIERE trial revealed a
significantly longer median TTP for patients receiving TARE (> 26 mo) compared to
cTACE (6.8 mo). A smaller randomized trial compared QoL measures between TACE
and TARE, finding that patients treated with TARE had improvements in QoL despite
being treated for more severe disease than the TACE cohort. In contrast, the TACE
cohort had worsened QoL post-procedurally[78]. Both TACE and TARE are being
investigated to identify the optimal transarterial therapy for downstaging tumors for
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transplantation eligibility. Lewandowski et al[70] compared triple-drug cTACE to
TARE in their ability to downstage tumor size from UNOS T3 to UNOS T2 to achieve
eligibility. TARE significantly outperformed cTACE in rates of T2 achievement, event-
free survival, and OS.

In addition to sustaining or achieving transplantation eligibility, TARE is also useful
in early-stage disease for its ability to act as primary therapy in certain circumstances.
TARE’s effectiveness in early-stage disease is in part due to its evolution into more
selective indications for earlier tumors via radiation segmentectomy[79]. First
described in 2011[80], TARE segmentectomy is an alternative option in non-surgical
candidates whose tumor anatomy discourages ablative techniques due to nearby high-
risk structures[33]. For example, in a retrospective study, Lewandowski et al[81]
analyzed 70 patients with similar inclusion criteria with the additional exclusion of
patients who received secondary surgery. Median OS in this cohort was found to be
6.7 years with a median TTP of 2.4 years. The cohort had comparable five-year OS
(75%) and response rates to other curative-intent treatments like ablation, resection,
and transplantation.

Similar to segmentectomy, radiation lobectomy is a relatively novel application of
TARE. Its primary use is to treat the tumor-occupied lobe while inducing hypertrophy
of the contralateral lobe, thus increasing the FLR in patients who were deemed
unresectable due to low FLR[12]. Scarring of the treated lobe slowly creates a shunting
of blood to the contralateral portal vein and, over time, induces hypertrophy of that
lobe[82]. Multiple observational studies show that TARE lobectomy increases the FLR
by an approximate average of 30% from baseline[83-86]. In contrast to TACE treatment
to increase FLR, TARE lobectomy does not require concomitant PVE. A comparison of
standalone PVE and TARE lobectomy by Garlipp et al[84] has proven that, while both
display significant increases in FLR, PVE does it more effectively at the 6-wk mark
(61.5% vs 29%). Issues have been raised with this measurement, however, as PVE has
been shown to increase FLR quicker than radiation lobectomy[86], and as some
evidence suggests that PVE may actually induce mild growth of existing tumor tissue
[67]. The safety of using radiation lobectomy as a strategy to qualify for and
subsequently undergo resection was demonstrated in a prospective cohort studied by
Gabr et al[88]. Among 25 patients receiving major hepatic resection and 6 patients
receiving partial hepatectomy, a range of perioperative outcomes following resection
were comparable to resection-only outcomes. Survival rates at one and three years was
reported at 96% and 86%, respectively.

TARE is also being compared to sorafenib as monotherapy in advanced disease. The
phase III SARAH trial[89] randomized 467 patients with intermediate-stage,
unresectable HCC to either sorafenib or TARE. Median OS and median PFS were
comparable; however, TARE showed significantly fewer treatment-related adverse
events, higher QoL scores, and a higher treatment response rate than sorafenib. The
SIRveNIB trial[90] was another phase III study that failed to show significant
differences in survival between TARE and sorafenib, but which also demonstrated the
improved toxicity profile of TARE. Further trials are needed to better power subgroup
analyses of TARE vs sorafenib and define specific patients who may see the improved
tumor response of TARE translated into improved survival over sorafenib[91]. TARE
is also useful in advanced disease because it has relatively less embolic activity
compared to other transarterial therapies. This becomes useful in the setting of portal
vein thrombus (PVT) of unresectable HCC patients. A retrospective study of HCC
patients with PVT compared OS between those treated with TARE and those treated
with sorafenib. TARE led to significantly longer median OS (26.2 mo) than sorafenib
(8.7 mo)[92].

TARE and sorafenib combination therapy for patients ineligible for TACE but with
BCLC classes B and C disease was investigated in the SORAMIC trial[93]. Again, no
significant differences in median OS were found; however, survival benefit was found
with combination therapy among patients without cirrhosis, with cirrhosis of
nonalcoholic etiology, and in patients younger than 65 years of age. The phase III
STOP-HCC trial is a larger study. It is expected to evaluate further what specific subset
of patients may benefit most from combination therapy with TARE and systemic
therapy. It is expected to be complete in September 2022[94]. Further, with the
development of additional effective systemic therapies for HCC including immuno-
therapy and most recently, atezolizumab/bevacizumab, the combination of TARE
with these agents is a potential area of synergy and an active area of clinical invest-
igation[95,96].
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ABLATION

Generally, ablation is recommended for early-stage, small tumors (up to 3 cm) in
patients who would otherwise qualify for resection but are considered unsuitable
candidates for surgery[73]. Percutaneous ablative techniques were originally centered
around ethanol injection (PEI), however this has fallen out of favor when a patient is a
strong candidate for more contemporary ablative techniques[10]. Today, commonly
used ablative techniques in the setting of HCC include microwave ablation (MWA),
radiofrequency ablation (RFA), and cryoablation (CA). RFA utilizes a radiofrequency
electrode to deliver an alternating electric current (460-500kHz) to the target lesion.
Frictional heating, necrosis, and cell death ensue. MWA utilizes a common final cell
death pathway involving local heating and eventual cell death, however MWA heats
tissue via an oscillating microwave field (915/2450 MHz). The properties of
microwaves result in reduced heat sink effect compared to RFA. RFA has the ability to
decrease unwanted energy delivery to nearby structures compared to MWA[97].
However, due to less heat-sink, MWA may perform better near large vessels, in
patients with comparatively larger tumors (between 3 cm and 5 cm), and in patients
with multiple nodule disease[98]. CA relies on argon and helium gasses to rapidly
alternate freezing and thawing of local tissue and vascular structures[99]. CA is not as
commonly used due to the complication profile[100]. Laser ablation and irreversible
electroporation are two examples of newer therapies still under investigation[10].

Prognostic factors

Prognostic factors for ablative therapy follow general prognostic patterns for HCC.
Across multiple studies examining prognostic factors of RFA, survival has been
consistently and independently predicted by Child-Pugh classification, tumor size,
and tumor number[101-104]. Long-term survival following MWA is predicted by
similar factors. Three-year PFS following MWA can range from 27% to 91.7%, with
heavy influence from the above clinical characteristics[105]. Prognostic factors for
combination therapy of MWA with TACE were well characterized by Ni et al[106]
Predictably, adjusted prognostic factors associated with better OS rates of MWA with
TACE combination therapy were earlier BCLC stage, smaller tumor size, lack of portal
vein thrombus, MWA therapy times, and targeted drug usage.

Complication risk of biloma following percutaneous ablation may be predicted by
comparatively large lesions situated closer to major bile ducts or near the hilum[107].
Additional characteristics prognostic of increased complication risk include tumor
volume, ablated tissue volume, multiple tumors, and Child-Pugh class B or above
[108]. In general, however, ablation carries less morbidity than other curative therapies
due to its less invasive nature, coagulative properties related to heating tissue, liver
preservation, and shorter hospital stay[109,110]. Bertot et al[111] found a pooled major
complication rate of 3.29% for RFA, PEI, and MWA across 34 randomized trials and
observational studies.

A complication unique to ablation among the locoregional therapies is post-ablation
syndrome (PAS). PAS is a transient, flu-like illness which may occur about three days
following ablation and lasts an average of five days. PAS occurs in roughly 25%-35%
of patients undergoing ablation and is correlated with the volume of liver tissue
treated. Pre-procedural tumor volume and post-procedural rise in AST are predictive
of an increased likelihood of PAS[112].

Outcomes

Studies have demonstrated comparable survival via ablation vs surgery in early-stage
HCC, despite ablative patients usually having poorer baseline hepatic function. In
2006, percutaneous thermal ablation was compared to resection in a randomized trial
of 105 patients[113]. Results showed nonsignificant differences in complete tumor
elimination rates, time to first recurrence, and disease-free and OS rates at 1, 2, and 3-
year follow-ups. More recently, Fang et al[114] showed through a randomized trial of
120 patients that RFA had a similar complete remission rate (95%) to surgical resection
(96.7%) and similar disease-free and OS rates at years 1, 2, and 3 follow-ups. In
addition, RFA demonstrated significantly better hepatic function at day-7 post-
treatment and fewer post-operative complications. The trend of comparable ablative
survivability does not always extend to patients meeting Milan criteria. A trial that
randomized HCC patients meeting Milan criteria to either RFA or surgical resection
found significantly lower OS and recurrence-free survival along with higher overall
recurrence among RFA patients[115]. As shown by the STORM trial, curative-intent
ablation is best as a standalone therapy, without the addition of adjuvant sorafenib
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following the procedure[116]. CA has largely fallen out of favor due to the severity of
complications despite similar performance to other ablative techniques. A meta-
analysis including a total of 433 total HCC patients revealed significantly fewer
complications and less local tumor recurrence in RFA compared to CA[117].

As mentioned previously, the two ablative techniques most common in current
practice are RFA and MWA, which are a source of ongoing outcomes comparison[118]
and which feature similar curative-intent indications in early-stage disease (up to three
tumor nodules smaller than 3 cm with the absence of extrahepatic disease) and similar
complication rates[108]. A meta-analysis looking at seven studies comparing RFA and
MWA found comparable rates of complete response, local recurrence, major complic-
ations, and 3-year survival[119].

HCC tumors between 3-5 cm fall outside the purview of curative-intent ablation but
may still be addressed by combination therapy with TACE and ablation[9].
Comparison of the best combination therapies for specific indications in this
population is ongoing. For example, Sheta et al[120] compared cTACE alone, combined
MWA with cTACE, and combined RFA with cTACE in a clinical trial of 50 patients
with nonresectable, single-lesion HCC greater than 4 cm. They found the highest
success rates in the combined MWA with the cTACE group and the lowest success
rates in the cTACE alone group. Whereas combination therapy of TACE with MWA
may be indicated for 3-5 cm HCC, combination therapy of TACE with RFA may serve
a role in the treatment of early-stage HCC. Kim et al[121] found that combined ¢cTACE
with RFA provided decreased local tumor progression and better PFS at 1, 3, and 5-
year follow-ups. OS at follow-up intervals, however, was similar.

FUTURE DIRECTIONS

The future of HCC therapy will likely rely on a combination of the current proven
standards of care and several other promising areas of innovation. One such
promising area of growing evidence for HCC is immunotherapy. In addition to its use
as a second-line monotherapy agent, immunotherapy may augment the effects of
sorafenib and locoregional therapy in HCC. Locoregional therapies produce an
immune response that can be augmented via immune checkpoint inhibition. Given
that prognosis in HCC is correlated with T-cell tumoral infiltration[122], potentiation
of both tumoral and locoregional therapy-induced T-cell response could improve
outcomes. In an early-phase trial, Duffy et al[123] safely treated HCC with
tremelimumab (anti-CTLA4) combined with ablation and showed that the post-
procedural immune response could be enhanced. The effects of combined anti-PD1
inhibitors and TARE or TACE are also being evaluated[124]. The ongoing phase II
DEMAND trial evaluates first-line combination therapy of systemic anti-angiogenic
and immunotherapy while reserving TACE as second-line therapy[125].

As with immunotherapy, precision medicine has potential to create a paradigm shift
in the way HCC patients are treated. By relying on big data and genomics to
personalize clinical care, precision medicine will allow further customization of HCC
treatment plans across the spectrum of therapeutic modalities, based on an
individual’s genetic mutations, local tumor environment, and further stratification of
many clinical factors already in use today. Precision medicine will likely feature small
molecule inhibitors, epigenetic regulators, and monoclonal antibodies specific to an
individual’s disease. A number of these agents are currently being evaluated for both
safety and efficacy in advanced disease[7]. The success of these agents in treating HCC
is reliant upon accurate characterization of multiple carcinogenic molecular pathways
- including mutations to TERT, Wnt/$-catenin, P53, Akt/mTOR, VEGFR, and EGFR
genetic pathways. Ideally, molecular therapy will target multiple genetic pathways
within the same patient and will be combined with other therapies such as locore-
gional treatment to optimize OS.

As treatments such as immunotherapy and molecular therapy evolve and become
integrated with current standards of care, further prognostic sophistication is a
priority for immediate improvement of care. This growth is already underway. In
some cases, pre-procedural evaluation of inflammatory markers may provide
prognostic information for HCC patients treated with locoregional therapy. A meta-
analysis of 22 studies showed poorer OS following TACE in HCC patients with higher
C-reactive protein levels, neutrophil to lymphocyte ratio, and platelet to lymphocyte
ratio[126]. This is in line with the general understanding of inflammation being tumor-
protective. More research is needed to routinely integrate inflammatory markers into
the larger prognostic landscape of clinical staging systems for locoregional HCC
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treatments.

With the numerous advancements within HCC treatment, outcomes research must
continue to be robust. With the need for increased outcomes research related to locore-
gional therapies comes a call for increased reporting of randomized controlled trial
data. Grégory et al[127] found that nearly two-thirds of RCTs conducted regarding
HCC treatment with TACE did not yield public results. This highlights the importance
of increased data reporting as evidence and indications behind various locoregional
therapies for HCC continue to mature. For the care of HCC patients to continue to
improve, and for future directions of care such as personalized medicine and immuno-
therapy to flourish, high-quality outcomes data must be generated and distributed
throughout the field.

CONCLUSION

HCC is the most common primary liver malignancy[2] and carries a 5-year survival
rate under 20%. Organ transplant availability and eligibility is limited, and fewer than
20% of HCC patients are candidates for surgical resection. For the remainder of
patients with HCC, liver-directed, locoregional therapies serve a growing purpose
across a spectrum of disease stages. Transarterial and ablative procedures are involved
in treatment for curative-intent, disease control, bridging to surgery, downstaging for
future treatment, and palliation. In addition to bland embolization, TAE techniques
with locoregional delivery of radioactive or chemotherapeutic microspheres offer
survival benefits in appropriately selected patients. Microwave and radiofrequency
ablative techniques offer comparatively less morbidity and curative results in select
early-stage patients. Multiple indications exist for various locoregional therapies in the
adjunctive realm of transplantation, resection, and systemic therapy. Prognostic
considerations for locoregional therapies vary by indication but generally follow
baseline disease staging and tumor quantification. Outcomes data reveal that locore-
gional therapies provide survival benefits in appropriately selected patients. New
advances in precision medicine, combination therapy, and immunotherapy are being
investigated and have potential to augment available treatment strategies.
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