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Abstract
Background: Liver cancer is the second most common cause of cancer-related death, with
hepatocellular carcinoma (HCC) accounting for most primary liver cancers and most com-
monly arising from a history of advanced chronic liver disease. Among the available therapies,
transarterial chemoembolization (TACE) is the most widely utilized and is considered the first-
line treatment recommended for patients staged as intermediate HCC (Barcelona Clinic Liver
Cancer stage B). If applied correctly, TACE can produce survival benefits without adversely
affecting hepatic functional reserve. Summary: The aim of this nonsystematic review is to
evaluate the evidence supporting TACE, with a special interest in intermediate HCC, for which
this treatment is recommended in first line. However, intermediate HCC represents a broad
and heterogeneous group of patients, not all of whom will benefit from TACE. This review
highlights the importance of appropriate patient selection for initial TACE and for retreatment.
It also evaluates evidence for the treatment of patients who become refractory to TACE. Some
patients may, in fact, benefit from early switch (i.e., after 1 or 2 TACE treatments) to systemic
therapies rather than continuing retreatments with TACE in order to preserve liver function,
thus allowing sequential first- and second-line drug therapies. Key Messages: Careful assess-
ment of an individual patient's benefit/risk ratio is recommended before any TACE session is
considered to ensure optimal long-term outcomes in intermediate HCC.
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Introduction

Primary liver cancer is currently the second most common cause of cancer-related death
worldwide [1], and hepatocellular carcinoma (HCC) accounts for more than 90% of primary
liver cancers [2], making it a key therapeutic target. The Barcelona Clinic Liver Cancer (BCLC)
staging system [3] is widely applied for tumor characterization and to evaluate key factors
influencing long-term prognosis. The BCLC system can, therefore, help facilitate appropriate
patientselection for specific therapeuticinterventions [2, 4, 5]. Nevertheless, the management
of patients with HCC remains challenging. It is often complicated by the heterogeneity of the
disease, the presence of underlying advanced liver disorders, and the need to coordinate a
multidisciplinary health-care team comprising hepatologists, diagnostic and interventional
radiologists, transplant surgeons, pathologists, and medical and surgical oncologists [5].

Transarterial chemoembolization (TACE), alocoregional therapy (LRT), is widely recom-
mended as first-line treatment for intermediate-stage HCC (BCLC stage B) [2, 4]. Surgical
resection, percutaneous ablation, and liver transplantation are also occasionally applied in
highly selected BCLC stage B patients. The oral multikinase inhibitor sorafenib is the current
standard systemic therapy for advanced HCC (BCLC stage C) or for those tumors progressing
on LRT and is therefore an additional option for intermediate-HCC stage patients as first-line
systemic treatment [2, 4]. Recently, another multikinase inhibitor, regorafenib, was approved
as second-line treatment for patients with HCC who had radiological progression under
sorafenib, providing improved overall survival compared with placebo (hazard ratio [HR]
0.63; 95% confidence interval [CI] 0.50-0.79; p < 0.0001) with a median 2.8-month survival
benefit [6, 7]. Correct patient selection for treatment within BCLC stage B is therefore crucial
to maximize response and survival, but this is not a trivial process, as choices in real-world
settings may not match evidence-based recommendations [8].

Objective

The aim of this article is to review the efficacy, safety, and limitations of TACE in HCC,
with a specific focus on the importance of appropriate patient selection, including the identi-
fication of patients whose disease becomes refractory to repeated treatments with TACE, and
the potentially detrimental consequences of inappropriate TACE application on liver function
and long-term clinical outcomes. In addition, we discuss the recommended administration
and timing of systemic therapies as an alternative to or sequential to TACE.

Benefits of TACE in Intermediate HCC

TACE is the most widely used treatment for unresectable HCC that, if applied correctly,
can produce survival benefits and favorable response without adversely affecting hepatic
functional reserve [7]. In brief, conventional TACE is performed through the injection of
chemotherapy mixed with Lipiodol (ethiodized oil), followed by the obstruction of a prese-
lected hepatic artery branch that feeds the tumor. As HCC derives up to the totality of its blood
supply from the hepatic artery, differently from the non-tumor liver parenchyma, occlusion
primarily results in ischemic necrosis and slows tumor progression [9].

Further advances in TACE techniques include the introduction of microcatheterization of
peripheral arterial branches with the aim of improving therapeutic selectivity, balloon-
occluded TACE to increase therapeutic effect, and the use of drug-eluting beads (DEB-TACE)
to improve drug delivery. Other avenues being explored include combination therapy with
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TACE and other treatments, and immune therapy. Several reviews have described these
advances in detail [9, 10]. Based on the increased heterogeneity of the TACE approach, a
clearer algorithm for patient selection would be of great importance.

Several trials have compared TACE with conservative management or suboptimal ther-
apies (such as chemotherapy with 5-fluorouracil or oral tamoxifen) in HCC (see online suppl.
Table 1; for all online suppl. material, see www.karger.com/doi/10.1159/000485471) [11-
19]. Although the findings from these trials were rather heterogeneous, meta-analyses have
confirmed an overall survival benefit of TACE [20, 21]. One meta-analysis of randomized
controlled trials assessed the survival benefit of arterial embolization/chemoembolization in
6 trials reporting 2-year survival and 1 trial reporting 1-year survival in a total of 545 patients
[20]; 2-year survival was 41% (range 19-63%) in the treatment group and 27% (range
11-50%) in the control group. The odds ratio for 2-year survival favored chemoembolization
(odds ratio = 0.53; 95% CI 0.32-0.89; p = 0.017). The treatment-induced objective response
(complete or partial response lasting 1-6 months) was 35% (range 16-61%). Based on the
inclusion criteria of these trials and the outcomes, the authors concluded that patients with
well-preserved liver function and multinodular HCC without vascular invasion were the best
target population for TACE. However, the treatment effect was modest, the ranges for survival
and objective response (a predictor of survival) were large, and not all patients responded to
therapy. Furthermore, the trials were not designed for patient selection. A more recent
systematic review with data from more than 10,000 patients with HCC undergoing TACE
found that the objective response was 52.5%, while overall survival was 70.3% at 1 year,
51.8% at 2 years, 40.4% at 3 years, and 32.4% at 5 years [21]. These findings are in line with
those reported previously. However, a Cochrane analysis of 6 trials found no survival benefit
of TACE over control, emphasizing the need for more adequately powered trials [22]. This
meta-analysis was criticized primarily due to the lack of focus on trials, including the correct
profile for TACE (i.e.,, BCLC stage B patients with compensated liver disease) [23]. This high-
lights the controversy surrounding patient recruitment for TACE, but also that the use of
TACE in intermediate HCC should not be automatic [24].

Guideline Recommendations

Based on currently available evidence, international guidelines and consensus working
groups have published general guidance on the use of TACE; recommendations for the use of
TACE in intermediate HCC are listed in Table 1 [2, 4, 25-29]. In general, TACE is regarded as
the standard of care for patients with intermediate HCC (BCLC stage B) who have well-
preserved liver function and large or multinodular HCC without portal vein tumor throm-
bosis or extrahepatic metastasis [2, 4, 25]. The guidelines estimate that ~20% of all HCC
patients are the target population for TACE, and the median overall survival in patients who
receive TACE is 20 months (range 14-45 months) [2]. TACE achieves partial responses in
15-55% of patients and delays tumor progression and macrovascular invasion [2]. Some
expert centers apply stricter patient selection for TACE [30]. When only very fit intermediate-
stage HCC patients with perfectly preserved liver function undergo TACE, expected survival
may be up to 48 months [30], but stricter selection also implies that fewer patients are
receiving LRTs, particularly borderline-compensated patients. Some or most of these patients
may be candidates for systemic treatment, as they are unfit for resective or locoregional ther-
apies that affect liver function.

Considerations between Western and Asian Populations

There are several epidemiological differences in HCC across geographical regions, as well
as differences in genetic mutations, especially between Western and Asian populations [31,
32]. The incidence of HCC is considerably higher in Asian countries, such as China and
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Table 1. Key guideline-based recommendations and contraindications for the use of TACE in intermediate HCC

Region  Guideline Recommendations Contraindications Gray areas for patient selection
and outcomes
United  AASLD [4] First-line in nonsurgical Patients with lack of portal Objective response (a
States intermediate stage (Child-Pugh A) blood flow, lobar or segmental  predictor of survival) is
patients with large multifocal HCC (acute or chronic) portal vein variable
who do not have cancer-related thrombosis, portosystemic Lack of criteria to ensure that
symptoms, macrovascular invasion, anastomoses or hepatofugal ischemic necrosis is prevented
or extrahepatic spread flow in viable liver
Nonsurgical patients ineligible for
percutaneous ablation who do not
have extrahepatic spread
Europe  EASL-EORTC First-line in BCLC stage B, Decompensated liver disease, Outcome prediction is
[2] multinodular asymptomatic tumors or advanced liver dysfunction, heterogeneous for BCLC
without vascular invasion or macroscopic vascular invasion  stage B
extrahepatic spread in Child-Pugh A or extrahepatic spread
or selected B7 patients
ESMO-ESDO  BCLC stage B, or in patients with an Decompensated cirrhosis, Magnitude of benefit
[25] excellent liver function and extensive tumor with massive dependent on technique used
multinodular asymptomatic tumors replacement of both entire and patient characteristics
without vascular invasion or lobes, severely reduced portal Outcomes less favorable with
extrahepatic spread vein flow, untreatable increasing size and number of
arteriovenous fistula, lesions
bilioenteric anastomosis or
biliary stents, and a creatinine
clearance <30 mL/min
AISF [29] First line in patients with large, Jaundice, untreatable ascites, TACE may be considered in
multifocal, unresectable tumors in main or portal vein patients with large masses
the absence of macrovascular thrombosis, hepatofugal portal  and/or portal thrombosis/
invasion and extrahepatic spread blood flow, HCC nodules >10 invasion, but prospective trials
(BCLC stage B); the best candidates cm aimed at ascertaining its cost-
are asymptomatic Child-Pugh A effectiveness profile are
patients, although those with required
Child-Pugh B7 can be considered;
TACE can be utilized in patients with
early-stage HCC if surgical or
ablative techniques are not
applicable due to technical
conditions and/or comorbidities
Asia APASL [26] First line in patients with There is no standardized
unresectable, large multifocal HCCs protocol for TACE in terms of
without vascular invasion or treatment schedule or type and
extrahepatic spread dosage of anticancer agent
Selective TACE can be performed in There is no agreement on the
patients with small tumors in whom degree of embolization
RFA is difficult to perform There is no consensus on the
Selective TACE should be attempted definition of TACE
in order to preserve liver refractoriness
parenchyma, maximize treatment
effect, and minimize complications
Other treatment strategies might be
considered for patients with HCC
who are not suitable or do not
respond to repeated TACE
JSH [27] Firstline in nonsurgical intermediate - -

stage (Child-Pugh A and B)

May also be considered for patients
with Child-Pugh A and vascular
invasion
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Region  Guideline Recommendations Contraindications Gray areas for patient selection
and outcomes
Asia KLCSG [28] Nonsurgical patients with good - Remission rate may depend on

performance status without major
vascular invasion or extrahepatic

spread

In case of portal vein invasion, TACE
can be considered in patients with
localized tumor and well-preserved

liver function

Prior to transplantation (if the
timing is not predictable) or for
downstaging

size and number of tumors,
and pattern of tumor growth
Future trials should explore
survival benefits in patients
with unfavorable prognostic
factors such as poor
performance status, major
portal vein tumor invasion,
Child-Pugh C, and extrahepatic
metastasis

AASLD, American Association for the Study of Liver Diseases; AISF, Italian Association for the Study of the Liver; APASL, Asian
Pacific Association for the Study of the Liver; BCLC, Barcelona Clinic Liver Cancer; EASL-EORTC, European Association for the Study of
the Liver-European Organisation for Research and Treatment of Cancer; ESMO-ESDO, European Society for Medical Oncology-European
Society of Digestive Oncology; HCC, hepatocellular carcinoma; JSH, Japan Society of Hepatology; KLCSG, Korean Liver Cancer Study
Group; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

Southeast Asia, and in Africa, compared with Europe and North America [33].In 2012, 50%
of new HCC cases occurred in China [33]. A key epidemiological difference is the fact that HCC
in most Asian countries (e.g., China and Southeast Asia) primarily results from hepatitis B
virus (HBV) infection, whereas in Japan and Western countries, hepatitis C virus (HCV)
infection is the primary risk factor for HCC [31, 32]. As HBV-related HCC may occur in patients
with or without cirrhosis, a higher proportion of Asian patients are noncirrhotic. Moreover,
many Asian and less developed countries do not have nationwide HCC surveillance programs,
so patients often have advanced disease at diagnosis or intermediate-stage HCC with large
tumor bulk, differing from intermediate-stage HCC discovered during surveillance or
recurring after treatments of early-stage HCC. During the development of the Hong Kong
Liver Cancer (HKLC) staging system in patients with HCC primarily resulting from HBV
infection, the median age of patients was 58 years, 36.6% had locally advanced disease, and
13.2% had extrahepatic invasion [34]. In Japan, where HCC primarily arises from HCV
infection, there is a nationwide surveillance program, so patients are diagnosed at an earlier
stage of disease [31]. Moreover, Japanese patients tend to be older when diagnosed. The mean
age at diagnosis of Japanese patients has increased from approximately 60 to 70 years over
the past 30 years, in part because of the increased life expectancy of the Japanese population
[35]. These differences in characteristics between Asian patients and Western patients, and
between Asian patients from different countries (e.g., Chinavs.Japan), may affect the selection
of treatment strategies.

There are few randomized controlled trials evaluating TACE in Asian populations. In one
randomized controlled trial [15] in Asian patients with unresectable HCC, actuarial survival
was significantly improved with TACE compared with symptomatic treatment (57% vs. 32%
atyear 1, 31% vs. 11% at year 2, and 26% vs. 3% at year 3; p = 0.002). In 3 nonrandomized
trials (in China and South Korea), TACE significantly improved overall survival compared
with conservative management at year 1 (see online suppl. Table 1) [17-19]. The majority of
patientsin these trials had hepatitis B, and patients with portal vein thrombosis were included
in 2 trials. In a noncontrolled trial in 8,510 patients with HCC from Japan, overall survival with
initial TACE was 26% at year 5. However, this trial included patients with both early- and
intermediate-stage HCC [36].
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A number of Asian-based societies have produced treatment guidelines similar to those
published by societies from the United States and Europe (Table 1). However, the Japan
Society of Hepatology recommends that TACE be considered also in patients with Child-Pugh
A and vascular invasion [27], and the Asian Pacific Association for the Study of the Liver
(APASL) guidelines recommend TACE as a treatment option regardless of whether patients
have macrovascular invasion [26], which is a major difference from US/European guidelines.
Consequently, patients with HCC and macrovascular invasion often receive TACE in Asian
countries.

There are also differences between Asian and US/European approaches to HCC staging,
with some staging systems deemed more appropriate for Asian versus non-Asian populations
[31]. For example, the HKLC staging system appears to be more suitable for Asian patients
than the BCLC system. Based on an analysis of data from 3,856 patients with HCC, the ability
to predict overall survival was significantly greater with the HKLC than the BCLC classifi-
cation [34]. Notably, the HKLC system identified subsets of BCLC intermediate- and advanced-
stage patients who would benefit from more aggressive treatment, and the 5-year survival
benefit of radical treatments was substantial compared with TACE in BCLC stage B (HKLC-II)
patients (52.1% vs. 18.7%; p < 0.0001). A similar benefit of the HKLC system over the BCLC
system was observed in a trial of 668 patients with HCC from China [37]. Both trials acknowl-
edged that differences in etiology (e.g., hepatitis B onset) between Asian and European
patients may account for this. Validation of the HKLC system in non-Asian cohorts was not
successful in a single study [38]; further studies are warranted.

Complications and Contraindications of TACE

In the systematic literature review described previously [21], 21,461 adverse events
(including complications and toxicities) were reported in 15,351 patients undergoing 27,497
TACE treatments. The most common adverse events were related to the postembolization
syndrome, and included liver enzyme abnormalities (18.1%), fever (17.2%), abdominal pain
(11.0%), vomiting (6.0%), and nausea (1.7%). Recently, the incidence of postembolization
syndrome was shown to be reduced by a short course of steroids [39], but external validation
and effects on oncological outcomes in larger populations with longer follow-up are required
before such prophylaxis can be fully endorsed [40]. Hematological/bone marrow toxicity
occurred in 13.5% of patients. A total of 214 deaths were reported in 34,137 patients, for an
overall mortality rate of 0.6%. The most common cause of death was related to acute liver
insufficiency. Hence, current treatment-related death is estimated to be less than 1% in
patients with HCC.

The major contraindications for TACE in the recent guidelines are listed in Table 1. These
include decompensated cirrhosis (Child-Pugh B >8, including jaundice, clinical encepha-
lopathy, refractory ascites, and hepatorenal syndrome), and severely reduced portal vein
blood flow (acute and chronic portal vein thrombosis or hepatofugal blood flow) [25, 41].
Other absolute contraindications include extensive tumor involving the entirety of both liver
lobes; technical contraindications, such as untreatable arteriovenous fistula; renal insuffi-
ciency, including creatinine >2 mg/dL or creatinine clearance <30 mL/min; and bilioenteric
anastomosis or biliary stents [25]. Relative contraindications include factors related to liver
cirrhosis (untreated varices at high risk of bleeding), tumor size (>10 cm), severe comorbid-
ities (acute cardiovascular or lung disease), and bile duct occlusion [41]. Of note, European
guidelines list macroscopic vascular invasion as a contraindication; however, the APASL
guidelines note that Asian patients with macroscopic invasion (but no extrahepatic metas-
tasis) are often treated with TACE, despite limited scientific evidence supporting this practice
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[26]. Similarly, the HKLC treatment algorithm states that patients with extrahepatic vascular
invasion are unsuitable for TACE [34]. The Japan Society of Hepatology guidelines state that
TACE may be considered for patients with Child-Pugh A and vascular invasion, but chemo-
therapy is recommended [27].

Addressing Limitations of TACE: Patient Selection and Prognosis

Guidelines acknowledge that the limitations of TACE are primarily due to the heteroge-
neity within the population and the difficulty in extracting evidence from the literature [2,
25]. Available data are also confounded by a wide range of treatment approaches, including
differences in emulsifying agents and heterogeneity with respect to outcome prediction and
degree of selectivity in treatment delivery [2, 5]. Thus, because of these factors, not all inter-
mediate HCC patients will derive similar benefit from or are suitable candidates for TACE.
Intermediate-stage HCC patients present with varying tumor burdens, liver function, and
disease etiology, and some patients may benefit from alternative treatment options [42]. An
overview of the key factors for patient selection in TACE is shown in Figure 1 [3, 27, 34,
43-47].

Staging Systems

Staging systems such as the Okuda [48], BCLC, Child-Pugh, HKLC, Japan Tumor-Node-
Metastasis (TNM), and the Cancer of the Liver Italian Program (CLIP) [49, 50] have been
widely applied and validated in numerous trials for prognosis prediction. There have also
been attempts to combine systems; for example, the Japan Integrated Staging (JIS) score
combines Child-Pugh and TNM. This approach was found to be more prognostic compared
with CLIP; 10-year survival rates were 23% (CLIP score 0 group) and 65% (JIS score 0 group)
(p <0.01) [51]. Very few staging systems connect stages with both prognosis and treatment
allocation. As there are variations between different systems, staging tailored to specific etiol-
ogiesmay produce more accurate treatmentstrategies and survival predictions [52]. However,
some systems are not consistent across all stages; for example, CLIP was more discriminating
in early (score 0-3) than later (score 4-6) disease stages [51]. Survival was also found to be
better when patients received recommended treatment in stages HKLC I, 1la/b, Illa, or Va
than in stages IlIb, [Va/b, or Vb, and when patients received recommended treatment in BCLC
stages 0 or A, but not in stages B, C, or D. In addition, neither system (HKLC or BCLC) could
direct therapy for a large group of patients [53].

The heterogeneity of patients with intermediate HCC (BCLC stage B) means that not all
patients may benefit from TACE [7]. This has led to the division of BCLC stage B into 4 subclas-
sifications (B1, B2, B3, and B4), based on tumor burden and liver function, and representing
increasing severity of disease. In this scenario, TACE is proposed as first-line therapy for
patients who are categorized as B1 or B2, and as a potential option in the B3 subgroup, but
not for those in the B4 subgroup [54]. A modification of this subclassification (Kinki criteria)
into 3 groups (B1, B2, and B3) has been proposed by Japanese investigators [55].

Other Selection Criteria

TACE is the theoretical first-line therapy for intermediate HCC patients, but in practice it
may not be the most appropriate therapy in all patients. Other selection criteria for treatment
in intermediate HCC include simplification of earlier systems, such as the Chiba HCC in inter-
mediate-stage prognostic (CHIP) score, which is specific to patients with intermediate HCC
undergoing TACE. This score identified and focused on the most prognostic factors using a
dataset from the Chiba University Hospital, namely the number of lesions (producing scores
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Fig. 1. Treatment selection process in patients with intermediate-stage HCC. ART, assessment for retreat-
ment with TACE; BCLC, Barcelona Clinic Liver Cancer; CHIP, Chiba HCC in intermediate-stage prognostic;
ECOG-PS, Eastern Cooperative Oncology Group performance status; HAP, hepatoma arterial-embolization
prognostic; HCC, hepatocellular carcinoma; HKLC, Hong Kong Liver Cancer; JSH, Japan Society of Hepatology;

TACE, transarterial chemoembolization.

of 0, 2, or 3), liver function categorized according to Child-Pugh system (scores 0-3), and
HCV-RNA positivity (0 or 1), which was validated using an independent cohort from another
hospital [45]. The generated CHIP scores were then differentiated into 5 groups (0-2, 3, 4, 5,
and 6-7 points) by median survival times (65.2, 29.2, 24.3, 13.1, and 8.4 months). This
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approach could be used on alarger scale to stratify responders in more detail from randomized
controlled trials and simplify the scoring approach.

Another validated prognostic scoring system is the hepatoma arterial-embolization
prognostic (HAP) score, whichisbased on 4 factors that were found to be significant predictors
of overall survival: albumin level, bilirubin level, a-fetoprotein, and tumor size. A HAP score
is the sum of points allocated to each factor, and patients are then classified into risk groups
based on HAP score (low [HAP A] = 0 points; intermediate [HAP B] = 1 point; high [HAP C] =
2 points; very high [HAP D] = >2 points). The HAP score may be used to predict outcomes in
patients being considered for TACE and guide treatment selection [44].

A recent prospective trial reported that lower serum albumin and increased tumor
burden (larger tumor size/more nodules and higher a-fetoprotein) at baseline may help
predict hepatic decompensation in HCC patients following their first TACE treatment [56].
Similarly, recent evidence suggests that first TACE is more effective in HCC patients with
nodules <5 cm, whereas those with nodules >5 cm had poorer response rates and poorer
outcomes [57]. Interrelated with the assessment of individual patient characteristics, center-
specific technical factors should also be considered when deciding if TACE is an appropriate
therapy. These factors include the skill and experience of the radiologist, as well as the tech-
nique and materials (e.g., catheter size) available. Ongoing genomic and proteomic trials may
also be useful for patient selection according to their molecular profile [32]; however, markers
from such trials are not yet available. Other arterially directed therapies to consider include
transarterial bland embolization, DEB-TACE, and transarterial radioembolization (TARE)
with yttrium-90 microspheres [5].

Treatment of Refractory Disease

Retreatment

For patients whose disease is unresponsive or refractory to TACE, the main consider-
ations for potential retreatment with TACE include a reassessment of the expected post-TACE
survival outcomes versus risks. This decision may be guided by retreatment algorithms, such
as the Assessment for Retreatment with TACE (ART) [46, 47], and the a-fetoprotein, BCLC,
Child-Pugh and Response (ABCR) [58] scores (Fig. 1). The ART score was developed based on
a retrospective analysis in 222 patients with HCC (BCLC stage A or B and Child-Pugh A or B)
treated at 2 Austrian centers who had received at least 2 sessions of TACE within 90 days.
Using multivariate analyses, aspartate aminotransferase level increase of >25% (absent vs.
present), Child-Pugh score increase (absent vs. +1 point vs. + >2 points), and radiological
tumor response (absent vs. present) were found to be prognostic factors for overall survival.
An ART score was determined based on these factors, and patients with a score of >2.5 points
before their second TACE session were found to have a shorter overall survival and a higher
incidence of adverse events, so were considered to be unlikely to gain further benefit from
further TACE [46]. The ABCR score uses 4 predictors of overall survival: a-fetoprotein <200
vs. 2200 ng/mL) atbaseline, BCLC (A vs. Bvs. C) atbaseline, Child-Pugh score increase (absent
vs. +1 point vs. + >2 points), and tumor response (absent vs. present) to determine a score
ranging from -3 to +6. The scoring system was developed using a multivariate analysis of a
population of 133 patients with alcohol- or viral-induced HCC, and validated in 2 other cohorts
of 78 and 100 patients. The ABCR score was calculated immediately before the second TACE
session. A higher ABCR score was predictive of a poorer prognosis, and it was suggested that
patients with a score >4 would not benefit from further TACE treatment [58].

However, the predictive value of both of these scoring systems has been questioned.
Several studies have reported that the ART score was not a useful tool for guiding decisions
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on TACE retreatment. In an Italian retrospective analysis in 51 patients with HCC (BCLC stage
A or B and Child-Pugh A or B), the ART score was not a significant predictor of survival [59].
A key difference between this study and the original ART score study was that patients may
have had longer than 90 days between their first and second TACE, based on the clinical
decision of the center. Furthermore, in a retrospective analysis of 627 Japanese patients with
HCC (most with Child-Pugh A and BCLC stage B) who had received 2 or more TACE sessions,
the ART score was found to be unsuitable for most patients, as only 12% had received their
second TACE within 90 days. For these patients, the ART score did not predict overall survival
[47]. This finding was also reported in a smaller Japanese retrospective study, where less than
10% of patients had their second TACE session within 90 days of the first, and the ART score
did not predict outcomes in these patients [60]. These findings underscore regional and
national differences in the approach to the use of TACE, as on-demand TACE is more common
in Japan compared with Europe and the United States [47], and differences in TACE proce-
dures, therapies administered after TACE, and timing between TACE sessions may affect the
results when evaluating outcomes [60]. An external validation of both ART and ABCR in 176
patients with HCC (BCLC stage A or B and Child-Pugh A or B) who had received atleast 2 TACE
sessions found that while patients with higher scores had poorer prognoses, neither score
had sufficient predictive ability to aid in clinical decision-making regarding subsequent TACE
sessions [61].

Interestingly, in an international study in 83 patients from the UK and Italy and 660
patients from Korea and Japan with HCC (BCLC stage A or B), both scoring systems were
found to be independently predictive of survival, and sequential use of the HAP score to
screen patients for initial TACE and the ART score to determine the value of TACE retreatment
was proposed [62].

[t is important to note that ART and ABCR scores are not included in current treatment
guidelines, so should be considered exploratory. Moreover, they do not measure respon-
siveness to TACE; rather, they are dynamic prognostic scores to measure treatment-related
survival benefit based on radiological response, tumor markers, and hepatic function, and
have not been universally validated.

Systemic Therapy

Repeated TACE is associated with increased adverse events (e.g., liver dysfunction) and
diminishing efficacy [41, 43], which suggests that options other than retreatment should be
considered. A few patients who achieved partial response could benefit from the addition of
more aggressive therapies (such as radiofrequency ablation), which initially would have been
contraindicated, to attempt to elicit a complete response. However, most patients tend not to
achieve a satisfactory objective response, but progress or recur early after treatment. Unfor-
tunately, time to TACE progression (TTTP) was recently shown to be a surrogate endpoint
for overall survival, i.e. a short TTTP corresponds to a short overall survival with TACE.
Therefore, alternative treatments, such as sorafenib, should be considered early in patients
whose disease is refractory to TACE and/or with a short TTTP [63]. In fact, intermediate HCC
patients whose disease was refractory to TACE who received sorafenib experienced an
increase in survival compared with those who continued TACE in 2 retrospective trials from
Japan. The median survival was 25.4 versus 11.5 months (p = 0.003) (first trial) [64] and 24.7
versus 13.6 months (p = 0.002) (second trial) [65].

Based on the beneficial effects of sorafenib on survival in patients with advanced HCC,
several studies have investigated the efficacy and safety of combinations of TACE and
sorafenib. In a meta-analysis of 17 studies evaluating TACE plus sorafenib combination
therapy in patients with unresectable HCC, most of whom had Child-Pugh class A or B disease
severity and BCLC stage B or C, the HR for time to progression (TTP) was 0.76 (95% CI 0.66-
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0.89; p < 0.001), suggesting that TACE plus sorafenib may improve TTP compared with TACE
alone. However, the HR for overall survival was 0.81 (95% CI1 0.65-1.01; p = 0.061), suggesting
that the addition of sorafenib to TACE may not improve overall survival compared with TACE
alone [66]. In a smaller meta-analysis of 6 studies in patients with intermediate or advanced
HCC, most of whom had Child-Pugh class A disease, the pooled HR for TTP was 0.68 (95% CI
0.52-0.88; p = 0.003), and for overall survival was 0.65 (95% CI 0.47-0.89; p = 0.007), indi-
cating beneficial effects of TACE combined with sorafenib, although the incidence of grade 3
or4adverse events wasalso higher with the combination [67]. Arecent European, randomized,
double-blind, phase 3 trial (TACE 2) in 313 patients with unresectable HCC (Child-Pugh A)
comparing sorafenib or placebo, both in combination with TACE, was stopped early because
there was no difference in progression-free survival between groups. Median progression-
free survival was 238 days (95% CI 221-281) in the sorafenib plus TACE group compared
with 235 days (95% CI 209-322) in the placebo plus TACE group (HR 0.99 [95% CI 0.77-
1.27], p = 0.94). There was also no significant difference between treatment groups in TTP or
overallsurvival [68].Similar findingswerereported for the international, phase 2,randomized,
placebo-controlled SPACE trial of sorafenib plus TACE in 307 patients with intermediate HCC,
with no significant difference in TTP between the combination group and the TACE-only
group [69]. Overall, the evidence suggests that combination treatment is not beneficial,
suggesting that a sequential approach may be preferred, i.e. use of TACE early, followed by
systemic therapy before the onset of liver dysfunction.

Some intermediate HCC patients who are particularly fit and with optimal liver function
may benefit from more aggressive treatments. In a retrospective analysis of 485 patients with
intermediate HCC (BCLC stage B), treatment distribution was TACE (51.1%), curative treat-
ments (31.8%), sorafenib (3.9%), best supportive care (4.6%), and other treatments (8.5%)
[70]. The median survival was 45 months for curative treatments, 30 months for TACE, 14
months for sorafenib, and 10 months for best supportive care. Although it is difficult to make
direct comparisons due to differences in patient numbers, characteristics, and other prog-
nostic factors, these findings indicate that there is a role for treatments other than TACE as
initial therapy for BCLC stage B, although TACE and systemic therapies must be promptly
adopted at the time of progression or recurrence after more aggressive approaches.

Recent data from the RESORCE trial showed that patients receiving regorafenib as
second-line therapy after sorafenib failure in advanced HCC had a survival benefit of ~2.8
months compared with those receiving placebo. Median survival was 10.6 months in the
regorafenib group compared with 7.8 months in the placebo group, with an HR of 0.63 (p <
0.0001) [6, 7]. Thus, other systemic therapies may become available with the potential to
extend survival, provided that patients start systemic therapy after TACE failure when they
are still compensated and fit [71]. With increasing treatment options now available beyond
the singular use of TACE, health-care professionals should be encouraged to develop, in close
collaboration with each patient, positive long-term individualized treatment plans focused on
delaying disease recurrence and prolonging survival.

Impact of TACE on Liver Function

One of the key considerations for any treatment strategy in HCC is to preserve liver
function as much as possible. Several trials have observed acute liver dysfunction in patients
treated with TACE, especially with less selective or repeated TACE procedures [64, 65, 72]. In
one retrospective trial [64], the median time to liver dysfunction in patients with refractory
disease who continued to receive TACE was significantly shorter than in those who switched
to sorafenib (29.8 months [95% CI 21.7-38.0] vs. 17.0 months [95% CI 8.3-25.7]; p = 0.030).
In another retrospective trial [65], repeated TACE in patients with refractory disease was
associated with a greater increase in Child-Pugh score compared with that observed in
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patients who switched to sorafenib, indicating that repeated TACE may lead to deterioration
in liver function in patients with refractory disease. These data support a timely switch to
sorafenib therapy to prevent deterioration of liver function with inappropriate TACE use; this
is critical for safe follow-on treatment with sorafenib. Liver dysfunction with sorafenib has
also been occasionally reported, although the incidence is not significantly higher compared
with placebo [73], and is usually reversible with drug discontinuation, in contrast to that
emerging after TACE. With the recentapproval of regorafenib, it will be increasingly important
to critically monitor the treatment for HCC, so that when a patient’s disease becomesrefractory
to TACE, the switch to sorafenib-regorafenib sequential therapy is performed in a timely
manner [7].

Conclusions

TACE is recommended as first-line therapy in intermediate HCC (BCLC stage B) and, if
applied correctly, both in terms of technical performance and patient selection, can produce
survival benefits without adversely affecting hepatic functional reserve. However, the hetero-
geneity of patients with intermediate HCC means that not all patients with intermediate HCC
may benefit from first-line therapy with TACE. TACE is often used in a broader population
than is recommended by current guidelines, but the use of TACE should not only be deter-
mined by the technical feasibility of the procedure. A more tailored approach to patient
selection for TACE may improve outcomes. The use of validated staging systems, identifi-
cation of key prognostic factors, and consideration of patient characteristics, treatment
benefit/risk profile, and limitations will help to balance the potential survival benefit against
potential risks for adverse events. Some patients with intermediate HCC may benefit from a
more aggressive initial approach, such as curative resection and/or ablation, particularly
those with preserved liver function (Child-Pugh A, no portal hypertension, and BCLC stage B
with limited tumor bulk). The “up-to-7” rule recommends transplantation for patients with
BCLC stage B HCC if the sum of the size of the largest tumor (in centimeters) and the total
number of tumors is <7 [74]. For patients with intermediate HCC (Child-Pugh A) within the
“up-to-7” classification and who are not candidates for resection plus ablation, or with clini-
cally compensated liver function (BCLC score B7), TACE is still the standard of care. To further
ensure the success of TACE in these patients, a stricter definition of tumor bulk may be
valuable, beyond the “up-to-7” rule.

For patients with tumor bulk beyond the “up-to-7” classification and very well preserved
liver function (Child-Pugh A5 or A6), the extent of tumor burden should be carefully eval-
uated. TARE may be recommended for patients beyond “up-to-7” threshold with greater
tumor volumes (i.e., the largest tumors greater than 5-6 cm) and limited tumor numbers. If
patients in this category are not suitable for TARE or TARE is not available, TACE may be an
option (especially when tumor bulk is beyond the “up-to-7” threshold, but not excessively
large). However, evidence of survival benefit is less clear in this setting, as there is the risk of
not preserving liver function while attempting to achieve complete response. Consequently,
initial systemic therapy is an alternative option to be considered. Patients whose disease is
refractory to TACE or ineligible for LRT may benefit from systemic therapies, such as sorafenib
followed by regorafenib in cases of radiological progression, or sequential therapy with TACE
followed by sorafenib, although the efficacy of these combinations has yet to be confirmed in
rigorous clinical trials. Further investigation of biomarkers that provide an objective means
of patient selection for TACE, based on the likelihood that they will benefit from treatment,
will provide much-needed guidance for clinicians.
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In conclusion, careful assessment of an individual patient’s benefit/risk ratio is recom-
mended before any TACE session is considered. It is important to select the right treatment
for the right patient at the right time to ensure optimal long-term outcomes in intermediate
HCC.
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