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Hepatocellular carcinoma (HCC) is usually accompanied by chronic liver damage, which sometimes influences the 
selection of HCC treatment. The Barcelona Clinic Liver Cancer (BCLC) staging system, which was first introduced in 1999, 
is the most commonly used worldwide. Although the intermediate-stage (BCLC stage B) includes the largest number 
and heterogeneous HCC patients, the recommended treatment option is transarterial chemoembolization (TACE) only. 
However, recent progress in radical treatments such as hepatic resection, liver transplantation, radiation therapy, and 
percutaneous therapy has made it possible to treat selected patients with BCLC stage B HCC. Radical treatments are 
expected to prolong survival time. To-date, TACE has also progressed. In addition to conventional TACE, balloon-occluded 
TACE and drug-eluting beads TACE are available. These new modalities of TACE will improve therapeutic efficacy and 
reduce adverse events. One of the most serious concerns of TACE is that repeated TACE reduces the treatment effect 
and induces liver function impairment. The decision on when TACE should be interrupted is complex. Many molecular 
targeted agents are now available, and immune checkpoint inhibitors will soon be available for HCC patients with Child-
Pugh class A worldwide. Under these circumstances, in patients with TACE unsuitability, switching to molecular targeted 
agents before deterioration of liver function might improve the prognosis compared to repeated TACE. We should pay 
attention to stop TACE in TACE-unsuitable HCC patients as it can induce the deterioration of liver function. (Clin Mol 
Hepatol 2021;27:236-245)
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INTRODUCTION

Liver cancer is the third leading cause of cancer-related death 

and ranks the sixth most common neoplasm, with 841,080 diag-

nosed and 781,631 deaths globally in 2018.1,2 These numbers are 

gradually increasing. Hepatocellular carcinoma (HCC) accounts for 

the majority of primary liver cancers. The majority of HCC devel-

ops in Asian countries.3 Therefore, HCC is a significant health 

threat in Asian countries. HCC has two unique characteristics. 

One is that it usually develops from the chronically damaged liver. 

The other is that HCC repeatedly shows a multi-centric recurrence 

after curative treatment. Recently, several radical and non-radical 

treatments have been developed for HCC. Prognostic assessment 

and treatment allocation are crucial steps in the management of 

patients with HCC. Since most patients with HCC are associated 

with chronic liver diseases, a staging system with the information 

of tumor burden and liver-function reserve has been proposed.

The Barcelona Clinic Liver Cancer (BCLC) staging system has 

been extensively validated and is the most commonly used. The 

BCLC stage B is quite broad and includes a heterogeneous patient 

population. The recommended treatment is transarterial chemo-

embolization (TACE) only. There is growing evidence that more 

aggressive radical treatments such as hepatic resection and radio-

frequency ablation (RFA) are feasible for selected HCC patients 

with BCLC stage B.4 Recently, molecular targeted agents (MTAs) 

have become available for BCLC stage B and C HCC patients with 

Child-Pugh class A.5 In addition, atezolizumab (anti-programmed 

death-ligand-1 [PD-L1] antibody) plus bevacizumab (anti-vascular 

endothelial growth factor [VEGF] antibody) has proven to be the 

superior to sorafenib in phase 3 randomized controlled trial (RCT).6 

This combination treatment is available for BCLC stage B and C 

HCC patients. As these new systemic therapies are restricted to 

HCC patients with Child-Pugh class A, another treatment will be 

required for BCLC stage B HCC patients with Child-Pugh class B. 

Figure 1. Barcelona Clinic Liver Cancer (BCLC) staging and treatment strategy. Modified from Forner et al.8 with permission from Elsevier. HCC, hepa-
tocellular carcinoma; ECOG, Eastern Cooperative Oncology Group; PS, performance status; BSC, best supportive care. *Currently, sorafenib followed by 
regorafenib has been shown to be effective. Lenvatinib has been shown to be non-inferior to sorafenib, but no second-line option after Lenvatinib 
has been explored.
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There seems to be an increasing unmet need between guideline-

recommended therapy and recent evidence-based treatment in 

BCLC stage B HCC. In this review, we will raise the problems at 

the moment and discuss to fill the gap between guideline-recom-

mended therapy and recent evidence-based treatment in BCLC 

stage B HCC.

BRIEF REVIEW OF BCLC STAGING SYSTEM

In 1999, the BCLC staging system was first introduced.7 The lat-

est BCLC staging system consists of five stages (0, very early-

stage; A, early-stage; B, intermediate-stage; C, advanced-stage; 

D, terminal-stage) (Fig. 1). Among five stages, BCLC stage 0 (sin-

gle nodule <2 cm in diameter, Child-Pugh class A, Eastern Coop-

erative Oncology Group [ECOG] performance status [PS] 0) or A 

(≤3 nodules <3 cm in diameter, Child-Pugh class A or B, PS 0) 

HCC is a candidate for curative treatment (i.e., hepatic resection, 

RFA, transplantation). In these stages, the estimated survival time 

is 5 years or more. BCLC stage B (nodules out of Milan criteria 

without vascular invasion or extrahepatic metastasis, Child-Pugh 

class A or B, PS 0) is a candidate for TACE. The estimated survival 

time is more than 2.5 years. BCLC stage C comprises advanced 

HCC with vascular invasion, extrahepatic metastasis, and mild 

cancer-related symptoms or both (ECOG PS 1–2). Today, these 

patients are usually treated with MTAs. The estimated survival 

time is more than 1 year. HCC patients with BCLC stage D have a 

poor liver function (Child-Pugh class C) and severe cancer-related 

symptoms (ECOG PS 3–4). The estimated survival time is only 3 

months.8

SUBCLASSIFICATION OF BCLC STAGE B

The Bolondi criteria subdivided BCLC stage B based on liver 

function, tumor burden and ECOG PS.9 Subsequent studies have 

proposed various novel subclassification systems. In some of 

them, radical treatments were recommended as treatment op-

tions for patients with BCLC stage B HCC.10 In a retrospective 

analysis of 80 patients with BCLC stage B HCC, Ciria et al.11 re-

vealed that the 5-year survival rate was higher in stage B1 than in 

stages B2 and B3–4. They proposed the selection of hepatic re-

section for stage B1. As mentioned, few high-level studies are 

evaluating the therapeutic efficacy of percutaneous treatment or 

radiation therapy in patients with BCLC stage B HCC. In addition, 

as radical treatments sometimes require highly complex technical 

procedures, the selection criteria of each radical treatment for 

BCLC stage B HCC will be institution-dependent. However, ex-

panding the indications for radical treatments and adding radical 

treatments to the first option will improve the survival benefit of 

patients with BCLC stage B HCC. It would be necessary to stan-

dardize the allocation of patients with BCLC stage B HCC for each 

radical treatment.

 

POSSIBLE CURATIVE INTERVENTIONS FOR 
BCLC STAGE B HCC

Hepatic resection

The optimal candidate for hepatic resection is HCC patients 

with Child-Pugh class A, without clinical signs of portal hyperten-

sion and limited tumor burden.9 In RCT comparing hepatic resec-

tion and TACE for HCC beyond Milan criteria, Yin et al.4 reported 

that the 1-, 2-, and 3-year overall survival rate were 76.1%, 

63.5%, and 51.5%, respectively, for hepatic resection group com-

pared with 51.8%, 34.8%, and 18.1%, respectively, for TACE 

group (P<0.001). In addition, a meta-analysis utilizing one RCT 

and high-quality nonrandomized studies revealed that a signifi-

cant survival benefit was shown for hepatic resection (hazard ra-

tio, 0.53; 1-year survival rate for hepatic resection vs. TACE: 84% 

vs. 68%; 5-year survival rate for hepatic resection vs. TACE: 45% 

vs. 23%; respectively), suggesting that hepatic resection should 

be considered as a therapeutic option tailored to a carefully se-

lected group of BCLC stage B HCC patients with well-preserved 

liver function.12

Liver transplantation

The Milan criteria (single tumor ≤5 cm or 3 nodules ≤3 cm) are 

the most common criteria worldwide. Five-year survival rate and 

5-year recurrence rates within the Milan criteria were 71.3% and 

12.3%, respectively.13 The advancement of surgical techniques 

made it possible for liver transplantation beyond the Milan crite-

ria. Five-year survival rates within the Asan criteria (nodule ≤5 

cm, number of nodules ≤6), University of California San Francisco 

criteria (single nodule ≤6.5 cm, or 3 nodules ≤4.5 cm with total 

tumor diameter ≤8 cm), up-to-7 criteria (the sum of maximum tu-

mor diameter and number <7) were 70.9%,13,14 80.9%,15 and 

71.2%,13 respectively. These findings imply that liver transplanta-
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tion is a treatment option for selected patients with BCLC stage B 

HCC. However, the available donor organ shortage is still a critical 

problem worldwide.

Percutaneous treatment

A retrospective study with 254 BCLC stage B HCC patients 

showed that RFA demonstrated a survival benefit at 1-year com-

pared with locoregional treatment (mostly TACE).16 In addition, a 

retrospective multi-center study showed the superiority of prog-

nosis in curative treatment, including liver transplantation, hepatic 

resection, RFA, and percutaneous ethanol injection therapy after 

the adjustment for all of the confounding factors.17 However, 

these were all retrospective studies. There is no RCT or meta-

analysis study comparing the therapeutic efficacy of percutaneous 

treatment and that of TACE. Therefore, it is questionable to con-

clude the therapeutic benefit of percutaneous treatment in select-

ed HCC patients with BCLC stage B.

Radiation therapy

Stereotactic body radiotherapy (SBRT) has emerged as a good 

treatment option for HCC.18 Comparative studies were conducted 

to compare the therapeutic efficacy of SBRT and RFA.19,20 However, 

the results were controversial. In a systematic review evaluating 

the therapeutic effect of SBRT for HCC less than 5 cm in median 

diameter, SBRT showed high local control and good overall surviv-

al which is compatible with RFA and hepatic resection.18 In addi-

tion, SBRT was associated with low levels of early and late toxici-

ties. Kim et al.21 compared the therapeutic effect of SBRT and RFA 

with a propensity score matching technique and concluded that 

SBRT could be an alternative treatment to RFA, especially for larg-

er HCCs (>3 cm) in a subphrenic location. These findings imply 

that SBRT could be a radical treatment option for selected BCLC 

stage B HCC patients. However, to confirm the benefits of SBRT 

and provide evidence for its use as a treatment option for selected 

BCLC stage B HCC patients, high-level RCTs are indispensable. 

Transarterial radioembolization (TARE) is a catheter-based inter-

vention where radioactive beads loaded with a beta-emitter Yttri-

um-90 are injected into the artery that supplies the HCC.22 The 

overall survival (OS) is comparable between TACE and TARE.23 Re-

cently, two phase 3 trials in Europe (SARAH)24 and in Asia-Pacific 

lesion (SIRveNIB)25 showed TARE to be associated with higher re-

sponse rate, longer time to progression, and lower adverse 

events. However, TARE failed to improve OS compared with 

sorafenib in BCLC stage B and C. At the European Society for 

Medical Oncology Asia meeting in 2018, TARE was recommended 

as an alternative treatment for TACE as first-line treatment for 

HCC patients and as a treatment for TACE-failed HCC patients 

with BCLC stage B.26

RECENT PROGRESS OF TACE AND SYSTEMIC 
THERAPY FOR BCLC STAGE B HCC

Conventional TACE (cTACE)

The TACE technique was first developed and reported by Yama-

da et al.27 in 1978. In 2002, two RCTs demonstrated the survival 

benefit of TACE.28,29 In addition, a meta-analysis showed an im-

proved 2-year survival rate in HCC patients treated with TACE 

compared with conservative managements.30 These high-grade 

evidence reports support the recognition of TACE as a standard 

treatment for patients with BCLC stage B HCC. The current medi-

an survival exceeds 30–40 months.31 Although TACE is the only 

recommended standard treatment for BCLC stage B HCC, the ap-

plicability of TACE in BCLC stage B is 50%.32 The good candidates 

for TACE are asymptomatic limited multifocal or solitary HCCs that 

are not indications of radical treatments with well-preserved liver 

function (Child-Pugh score <8).28,33 Absolute and relative contra-

indications are as follows: large HCC ≥10 cm in diameter, impair-

ment of liver function, vascular invasion, or extrahepatic spread.34 

There is no properly evaluated comparative study of survival be-

tween on-demand TACE, that is, in cases of incomplete response 

to the previous TACE or appearance of new lesions and TACE with 

regular intervals. However, on-demand TACE has become the 

standard treatment, because excessive TACE induces complica-

tions and liver function impairment.34

Modified response evaluation criteria in solid tumors (mRECIST), 

which recognizes TACE induced tumor necrosis, as indicated by 

the absence of a contrast agent within the tumor, demonstrated a 

significant association with survival and overall response. The as-

sociation between mRECIST response and survival was proven by 

a recent meta-analysis.35

Balloon-occluded TACE (B-TACE)

Recently, B-TACE has been developed in Japan. B-TACE is gen-

erally defined as the infusion of an emulsion of chemotherapeutic 

agents with lipiodol followed by gelatin particles under the occlu-
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sion of feeding arteries by a microballoon catheter which results 

in dense lipiodol emulsion accumulation in targeted nodules.36 Al-

though no high-grade evidence reports are comparing the thera-

peutic efficacy and the survival benefit between B-TACE and other 

TACE procedures, retrospective and small size studies have shown 

the superiority of therapeutic efficacy in B-TACE compared with 

that in cTACE.37,38 B-TACE is expected to be a promising TACE pro-

cedure for selected patients with BCLC stage B HCC.

Drug-eluting beads TACE (DEB-TACE)

TACE with calibrated doxorubicin-carrying microspheres (DC-

Beads) has been introduced as a novel device capable of ensuring 

more sustained and tumor-selective drug delivery and permanent 

embolization.39 Trials comparing DEB-TACE with cTACE have failed 

to show a survival benefit, but systemic toxicity from chemothera-

py is reduced with DEB-TACE. The multi-center, randomized phase 

II PRECISION V trial indicated that DEB-TACE was better tolerated 

than cTACE, owing to a significant reduction of doxorubicin-relat-

ed adverse events.40 TACE for HCC patients with Child-Pugh class 

B is required to pay more attention to not only therapeutic effica-

cy but also liver-function impairment than for HCC patients with 

Child-Pugh class A. There is no RCT or meta-analysis comparing 

the efficacy and safety of DEB-TACE and cTACE in HCC patients 

with Child-Pugh class B. In several RCTs in favor of DEB-TACE, 

there was a better safety profile with a significant decrease in se-

rious liver-related adverse events and systemic side effects com-

pared with cTACE.41 In a retrospective cohort study, Shimose et al. 

recommended the choice of DEB-TCE for HCC patients with Child-

Pugh class B due to the high incidence of arterio-portal shunt for-

mation in patients with Child-Pugh class A.42

Systemic therapy

In 2008, the SHARP trial assessing the multityrosine kinase in-

hibitor sorafenib (blocking VEGFR2, platelet-derived growth factor 

receptor [PDGFR], and Raf kinases) was the first to significantly 

improve survival.5 In 2018, based on the REFLECT trial, lenvatinib 

(blocking VEGFRs, fibroblast growth factor receptors, RET, KIT, 

and PDGFR A) demonstrated non-inferiority OS benefit versus 

sorafenib.43 Today, sorafenib and lenvatinib are available as a 

first-line MTAs for advanced HCC. Regorafenib (blocking VEGFRs, 

PDGFRs, KIT, and Tie2), cabozantinib (blocking VEGFRs, MET, and 

AXL), and ramucirumab (blocking VEGFR2) have been approved 

as a second-line treatment. All of these drugs are available for 

advanced HCC with Child-Pugh class A. Although these MTAs are 

usually selected for the treatment of BCLC stage C HCC, the ben-

efit of MTAs is even proven in a small subset of BCLC stage B HCC 

patients.44 Today, there are several therapeutic strategies for BCLC 

stage B HCC in the real world, and we should select the most 

suitable treatment option to prolong the survival time and to keep 

the treatable condition as long as possible. The worst therapeutic 

scenario is to continue TACE for HCC with unsuitable TACE and to 

induce the deterioration of liver function.

TACE FAILURE/REFRACTORINESS

 Multi-centric recurrence or intrahepatic metastasis of HCC dur-

ing TACE requires additional TACE procedures. However, repeated 

TACE sometimes induces a decrease in therapeutic efficacy and 

deterioration of liver function. The criterion for TACE discontinua-

tion is not yet fully defined. Bruix et al.45 proposed the concept of 

‘untreatable progression’. Untreatable progression includes major 

progression such as massive liver involvement, extrahepatic 

spread, and vascular invasion, but also minor intrahepatic pro-

gression with impaired liver function and performance status that 

contraindicate treatment. In particular, TACE should not be re-

treated as the following: 1) when it fails to achieve significant ne-

crosis after two treatment sessions; 2) when follow-up treatment 

fails to induce significant tumor necrosis of progressed tumor 

sites; and 3) when the evaluation of the patient with progression 

prevents safe retreatment.45 On the other hand, for the objective 

determination of repeated TACE, the Assessment for Retreatment 

with TACE (ART) score and ABCR score was proposed.46,47 Al-

though the clinical utility remains to be fully determined, these 

scores might support the decision of TACE discontinuation. In Ja-

pan, the concept of TACE failure/refractoriness was proposed. 

TACE failure/refractoriness was defined as follows: 1) an insuffi-

cient response after ≥2 consecutive TACE procedures that is evi-

dent on response evaluation computed tomography or magnetic 

resonance imaging after 1–3 months, even after chemotherapeu-

tic agents have been changed or the feeding artery has been re-

analyzed; 2) the appearance of a higher number of lesions in the 

liver than that recorded in the previous TACE procedure (other 

than the nodule being treated); 3) the continuous elevation of tu-

mor markers; 4) vascular invasion; and 5) extrahepatic spread.48 

Although this concept is not well recognized worldwide, it is well 

accepted and utilized for the decision of TACE discontinuation in 

Japan.
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TREATMENTS FOR TACE-UNSUITABILITY

Kudo et al.49 classified BCLC stage B into following four groups 

in maximum tumor diameter showing poor response to cTACE;  

1) 4–6 nodules and ≤3 cm in maximum tumor diameter showing 

good response to cTACE; 2) <6 nodules and >3–6 cm in maxi-

mum tumor diameter showing good response to cTACE; 3) out of 

up-to-7 criteria with multiple nodules (≥7) showing poor response 

to cTACE; 4) <6 nodules and >6 cm in maximum tumor diameter 

showing poor response to cTACE (Fig. 2). Lenvatinib is the only 

first-line agent to demonstrate a survival benefit over TACE in 

TACE naïve patients out of up-to-7 criteria in a retrospective pro-

Figure 2. Grade of response to cTACE in BCLC stage B HCC. Reprinted from Bruix et al.45 with permission from S. Karger AG. RFA, radiofrequency abla-
tion; cTACE, conventional transarterial chemoembolization; DEB-TACE, drug-eluting beads transarterial chemoembolization; IO, immune-oncology; TKI, 
tyrosine kinase inhibitor; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma.
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Figure 3. Potential therapeutic options in BCLC stage B. BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization; MTA, molecular 
targeted agent; ICI, immune checkpoint inhibitor; TARE, transarterial radioembolization.
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pensity score-matched study.50 Lenvatinib treatment seems to 

show favorable results in TACE-resistant HCC. In decision-tree 

analysis for OS in HCC patients with BCLC stage B, complete re-

sponse (CR) by initial TACE was selected as the most important 

variable. In the decision-tree analysis for CR, <3 liver segments 

with nodules, simple nodular type, and within up-to-7 criteria, 

which are considered as suitable TACE criteria.51 Therefore, in pa-

tients who are ineligible for suitable TACE criteria, switching to 

MTAs before deterioration of liver function or TACE refractory 

might improve the prognosis than repeated TACE.52 A potential 

new therapeutic option in BCLC stage B is indicated in Figure 3.

FUTURE PERSPECTIVES

The possibility of treatment with immune checkpoint 
inhibitors (ICIs)

The Food and Drug Administration (FDA) approved nivolumab 

(anti-programmed cell death protein-1 [PD-1] antibody) and pem-

brolizumab (anti-PD-1 antibody) as an adjunct treatment for HCC 

patients after sorafenib failure, in 2017 and 2018, respectively. 

The FDA approved ipilimumab (CTLA-4 antibody) and nivolumab 

as a combination therapy in 2019. Many clinical trials with ICIs are 

ongoing. Unfortunately, phase 3 trials comparing nivolumab with 

sorafenib in front-line and pembrolizumab with placebo in sec-

ond-line resulted in negative results. In 2019, the IMbrave-150 tri-

al with atezolizumab (anti-PD-L1 antibody) and bevacizumab (an-

ti-VEGF antibody) showed superiority in prolonged OS and 

progression free survival compared with sorafenib.6 The reasons 

why the combination therapy with atezolizumab and bevacizumab 

showed positive results are not fully clarified.

HCC contains a high level of VEGF. In addition to its potent an-

giogenic effect, VEGF enhances the migration of cytotoxic T cells 

to tumor tissue, induces the secretion of interleukin-10 by my-

eloid-derived suppressor cells, and suppresses the maturation of 

dendritic cells (DCs) as well as the cytotoxic activity of T cells. In 

addition, VEGF enhances the migration and proliferation of Tregs 

through VEGF receptor-2. Tregs suppress the maturation of DCs 

and the cytotoxic activity of T cells. VEGF directly inhibits the pro-

Figure 4. Influence of VEGF on tumor immunity. MHC, major histocompatibility complex; TCR, T-cell receptor; DC, dendritic cell; CTLA-4, cytotoxic T-
lymphocyte antigen 4; VEGF, vascular endothelial growth factor; Treg, regulatory T cell; MDSC, myeloid-derived suppressor cell; IL, interleukin; HCC, he-
patocellular carcinoma; TAM, tumor associated macrophage; PD-1, programmed death-1; PD-L1, programmed death ligand 1.
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liferation and cytotoxic activity of T cells through VEGF receptor-2 

on T cells and inhibits the maturation of DCs through VEGF recep-

tor-1 in DCs (Fig. 4).52 These findings clearly indicate that VEGF 

has an immunosuppressive function. In combination therapy with 

atezolizumab and bevacizumab, bevacizumab might support the 

function of atezolizumab by suppressing the immunosuppressive 

function of VEGF. To clarify the precise mechanism of tumor im-

munity will develop a more potent ICIs in HCC. 

Evaluation of liver function

Child-Pugh classification is used to evaluate liver function 

worldwide. In the BCLC staging system, liver function was as-

sessed using the Child-Pugh classification. Recently, the albumin-

bilirubin (ALBI) grading system has been shown to stratify HCC 

patients across BCLC stages.53 Several studies have reported the 

superiority of ALBI grade over Child-Pugh classification to assess 

liver function for therapeutic decision making.54 Further investiga-

tion will be required to clarify a better assessment system of liver 

function for the selection of optimal treatment for HCC with BCLC 

stage B.

Subclassification of BCLC stage B according to 
genetic alterations

Mutations in the TERT promoter region are the most frequent 

genetic alterations (60%) followed by TP53 (30%), CTNNB1 

(30%), and AXIN 1 (10%). HCC is among the solid cancers with 

the fewest somatic mutations that can be targeted with MTAs.55 

However, an integrative genomic analysis may enable the stratifi-

cation between an active immune class and resistance to ICI class 

characterized by activation of the Wnt/-β-catenin pathway.56,57

CONCLUSIONS

BCLC stage B consists of patients with heterogeneous HCC 

(from slightly above the Milan criteria to large/multifocal tumor 

burden). The standard recommended treatment of BCLC stage B 

is TACE. However, hepatic resection, liver transplantation, radia-

tion therapy, and percutaneous therapy have become to be se-

lected for the treatment option of left-hand side on the BCLC 

stage B to prolong survival time in a real world. TACE has also 

progressed and prolonged the survival time. However, repeated 

TACE reduces the treatment effect and induces liver function im-

pairment. Under these circumstances, recent progress of MTAs 

and ICIs will cause a drastic paradigm change for the treatment of 

right-hand side on BCLC stage B.
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