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Hepatocellular carcinoma (HCC) is the most 
common primary liver cancer and the third-
leading cause of cancer-related death world-
wide.1 At our tertiary center, all patients with 

HCC are reviewed by a multidisciplinary tumor board 
with representatives from surgical oncology, medical 
oncology, interventional radiology, radiation oncology, 
and pathology. Initial assessment includes the core ele-
ments of hepatic function, functional status, and tumor 
characteristics. Our treatment algorithm is informed 
by both national and international guidelines and insti-
tutional expertise. The Barcelona Clinic Liver Cancer 
(BCLC) guidelines remain among the most widely uti-
lized in the management of HCC in Western practice 
and will be the primary guideline discussed.2 

Treatment stage migration has been incorporated 
into the most recent iteration of the BCLC guidelines 
and involves use of an advanced-stage therapy based 
on a patient’s clinical assessment and/or noncandidacy 
for the recommended in-stage therapy or failure of that 
therapy.2 This principle more closely follows multidirec-
tional treatment allocation used in clinical practice. 

VERY EARLY (0) AND EARLY STAGE (A)
Patients who are liver transplant candidates are 

referred to a local transplant center and, in coordination 
with the transplant team, are simultaneously assessed 
for surgical resection or ablation depending on tumor 
location and presence or absence of clinically significant 

portal hypertension. In patients with ≤ 3 tumors < 3 cm 
in size, preference is given to thermal ablation or resec-
tion. If the tumors are not amenable to ablation or resec-
tion, then radioembolization (preferred) and transarterial 
bland embolization (TAE) or transarterial chemoemboli-
zation (TACE) are considered. 

The current BCLC guidelines incorporate radioemboli-
zation into the algorithm for treatment of select patients 
in this category; however, ablative radioembolization (ie, 
segmentectomy and lobectomy) is not specifically dis-
cussed. The primary driver of this is a multicenter, single-
arm retrospective study of 162 patients with solitary 
HCC ≤ 8 cm treated with ablative dosimetry that dem-
onstrated overall survival (OS) of 86.6% at 3 years.3 This 
compares favorably to surgical resection, with reported 
5-year OS of 56.9% to 86.2% for BCLC A and 0 patients, 
respectively.4 Additionally, the subset of patients who 
received an absorbed dose of > 400 Gy and subsequently 
underwent resection or transplantation demonstrated 
complete pathological necrosis.3 Patients with solitary 
tumors ≤ 8 cm who are not candidates for or have failed 
resection or ablation are considered for TAE, with radio-
embolization preferred at our institution. External beam 
radiation therapy is considered when tumors are not 
amenable to resection, ablation, or intra-arterial therapy. 

Limited patients with high-risk tumors who undergo 
resection or ablation are also considered for adjuvant 
atezolizumab and bevacizumab based on improved 
recurrence-free survival demonstrated in the IMbrave050 
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trial.5 The high-risk criteria for resection is up to three 
tumors with the largest > 5 cm or poor differentiation 
with or without vascular invasion; four or more tumors 
≤ 5 cm or poor differentiation with or without vascular 
invasion; or up to three tumors with the largest ≤ 5 cm 
with vascular invasion and regardless of differentiation. It 
is not yet known whether there is a survival benefit asso-
ciated with this adjuvant regimen.5

INTERMEDIATE STAGE (B)
This group encompasses patients with unresectable 

multifocal disease with preserved hepatic function and 
no impairments in functional status. Given the sig-
nificant amount of heterogeneity in the intermediate 
stage, the updated BCLC guidelines further characterize 
three subgroups to better guide management: 

1.	Tumors within extended transplant criteria 
2.	Well-defined multifocal disease and preserved por-

tal flow
3.	Infiltrative, diffuse, and/or bilobar disease
Our patient population predominantly includes those 

in the second and third subgroups. TACE has been 
established as the standard of care for intermediate-
stage HCC and is supported by randomized controlled 
trials (RCTs) by Lo et al and Llovet et al, demonstrating 
OS benefit compared with supportive care.6,7 Although 
TACE is widely available with more long-term data, the 
evidence supporting radioembolization in this setting 
is steadily growing and has led to its implementation as 
the primary intra-arterial therapy in these patients and 
across the BCLC spectrum at multiple centers, includ-
ing ours. This is despite its omission from the BCLC 
algorithms beyond very early and early stage disease. 

We favor radioembolization in BCLC B patients with 
well-defined multifocal disease if selective treatment(s) 
are feasible with TAE/TACE as the alternative. These 
intra-arterial therapies may be used with or without 
combination systemic therapy. No randomized pro-
spective data are available investigating the combina-
tion radioembolization and systemic therapy. Initial 
data from EMERALD-1 (durvalumab + bevacizumab + 
TACE vs TACE) demonstrate improved progression-free 
survival (PFS), and follow-up continues for survival data.8 
The phase 2 TACTICS trial demonstrated improved PFS 
for TACE with sorafenib compared with TACE alone 
but failed to show a survival benefit, while the phase 3 
LAUNCH trial demonstrated survival benefit of lenva-
tinib plus TACE over TACE alone.9,10 

There are many considerations in selecting the 
most appropriate intra-arterial therapy. The phase 2 
PREMIERE RCT demonstrated a significantly longer 
time to progression (TTP) in a group of BCLC A and B 
patients treated with radioembolization compared 
with conventional TACE (> 26 vs 6.8 months). The trial 
was terminated early due to slow accrual and was thus 
insufficiently powered to demonstrate a survival ben-
efit.11 The phase 2 TRACE trial demonstrated improved 
TTP (17.1 vs 9.5 months) and OS (27.6 vs 15.6 months, 
when censoring for those who underwent transplanta-
tion) in 38 patients with early and intermediate-stage 
HCC treated with radioembolization compared with 
drug-eluting bead TACE. The study was terminated 
at the interim analysis due to meeting the primary 
endpoint.12 These findings are of interest when con-
sidering intra-arterial therapy to downstage patients 
with intermediate-stage disease into transplant criteria. 

Figure 1.  A woman in her mid 60s with a solitary HCC treated with radiation segmentectomy using resin yttrium-90 micro-
spheres. Intraprocedural CT images with selective contrast injection into a segment 8 branch of the right hepatic artery showed 
a hyperenhancing tumor in segment 8 (A). Postradioembolization bremsstrahlung single-photon emission CT/CT images dem-
onstrated distribution of radiomicrospheres in the target tumor (B). Follow-up contrast-enhanced CT 6.5 months after radioem-
bolization demonstrated complete response with lack of enhancement in the treated tumor (C).

A B C



VOL. 23, NO. 8 AUGUST 2024 ENDOVASCULAR TODAY 69 

A LG O R I T H M I C 
A P P R OAC H E S

Higher rates of downstaging to transplant have been 
observed with radioembolization compared with 
TACE.13 Although not explicitly discussed in the guide-
lines, any locoregional therapy may be incorporated 
to bridge patients to resection or transplant after mul-
tidisciplinary discussion.14 Of note, neither PREMIERE 
nor TRACE utilized personalized dosimetry for radio-
embolization, which is associated with improved objec-
tive response and clinical trends toward improved 
survival.11,12

In the setting of localized infiltrative disease (eg, uni-
lobar), we often opt for radioembolization, if feasible, 
followed by systemic therapy. The remainder of these 
patients receive systemic therapy and are considered 
for consolidative locoregional therapy, if appropriate, at 
restaging. 

ADVANCED STAGE (C)
Patients with macrovascular invasion, metastatic 

disease, and/or Eastern Cooperative Oncology Group 
performance status of 1 to 2 and with preserved liver 
function are managed with systemic therapy and/or 
intra-arterial therapy, most often radioembolization. 
It is essential to scrutinize categorization of patients as 
BCLC C solely because of functional status, particularly 
if their tumor burden falls into a lower category in the 
classification, as these patients may otherwise be suit-
able candidates for and benefit from an expanded set of 
therapeutic options.15

First-line systemic therapies include atezolizumab 
with bevacizumab or tremelimumab with durvalumab 
(particularly if high bleeding risk or otherwise ineligible 
for a vascular endothelial growth factor inhibitor); len-

vatinib if ineligible for immunotherapy or Child-Pugh 
(CP) B; or pembrolizumab if CP B.16-20

Second-line systemic therapies include cabozantinib 
(preferred at our institution) or regorafenib in cases 
where first-line tyrosine kinase inhibitors (TKIs) such 
as lenvatinib or sorafenib have been used. However, in 
2024, immunotherapy is most commonly used in the 
first line; therefore, lenvatinib is our choice for second-
line TKI, although we recognize the lack of prospective 
data supporting this choice. If a first-line TKI was used 
but not well tolerated, pembrolizumab, nivolumab 
plus ipilimumab, or ramucirumab (preferred for alpha-
fetoprotein > 400) are considered as alternatives.21-25

Although radioembolization has been shown to be safe 
and efficacious in advanced HCC, it is not included in the 
management of BCLC B or C disease owing to negative 
results of the SARAH and SIRveNIB phase 3 RCTs.26,27 A 
commonly encountered situation in which an advanced-
stage patient may benefit from radioembolization is with 
portal vein invasion. Radioembolization with personalized 
dosimetry in the setting of portal vein invasion has dem-
onstrated OS ranging from 15.7 to 22 months.28-31 In addi-
tion, ablative dosimetry in this setting has demonstrated 
median OS of 45.3 months compared with 18.2 months 
with conventional dosimetry.32 These survival trends 
approach and sometimes exceed those reported for sys-
temic regimens in the setting of portal vein invasion.

Although systemic therapy is the mainstay of treat-
ment for metastatic disease, there may be utility in 
locoregional treatment of the primary site as intrahe-
patic progression is one of the primary contributors to 
overall mortality.33 This is especially true for oligometa-
static disease. This concept has also been investigated in 

TABLE 1.  CLINICAL TRIALS OF INTEREST FOR HCC

Trial name Trial ID Intervention

REPLACE NCT04777851 Regorafenib-pembrolizumab vs TACE/TARE in intermediate-stage HCC

EMERALD-3 NCT05301842 Durvalumab and tremelimumab ± lenvatinib in combination with TACE in 
patients with locoregional HCC

ABC-HCC NCT04803994 Atezolizumab plus bevacizumab vs TACE in intermediate-stage HCC

ROWAN NCT05063565 TheraSphere (Boston Scientific Corporation) with durvalumab and tremelimumab 
for HCC

EMERALD-Y90 NCT06040099 TARE in combination with durvalumab and bevacizumab therapy in unresectable 
HCC

LOST-B NCT05537402 Locoregional vs systemic therapy in patients with BCLC stage B HCC

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; TARE, transarterial 
radioembolization. 



72 ENDOVASCULAR TODAY AUGUST 2024 VOL. 23, NO. 8

A LG O R I T H M I C  
A P P R OAC H E S

the setting of metastatic breast, prostate, and renal cell 
carcinoma.34-36 Transarterial therapy may also be con-
sidered for the palliation of hepatic tumor–related pain.

Specific considerations regarding the role of surgery 
and resection should be highlighted for those patients 
with limited multifocal disease (stage A), multifocal 
unilobar disease in the context of preserved liver func-
tion (stage B), and portal vein invasion distal to the 
main portal vein and with ipsilateral involvement who 
are technically resection candidates (stage C). Although 
BCLC criteria does not typically guide these patients 
toward surgical treatment, highly selected patients 
can benefit from resection, either as an alternative to 
the preferred approach if not technically feasible (eg, 
percutaneous ablation in unilobar disease with lesions 
not amenable to ablation due to location or adjacent 
organs) or to deliver a curative-intent treatment in well-
selected patients with anatomically favored tumors.37-41

TERMINAL STAGE (D)
Patients with advanced liver failure and/or signifi-

cantly impaired functional status are referred for sup-
portive care. 

SUMMARY
The BCLC staging system is among the most uti-

lized in the management of patients with HCC and 
has merits as a clinical framework. However, there 
are several limitations, including omission of ablative 
radioembolization, emphasis on left to right treatment 
stage migration, exclusion of bridging to transplanta-
tion, and lack of further stratification of advanced-stage 
disease, amongst others.42,43 Interestingly, a study by 
Matsumoto et al evaluated the outcome of deviating 
from the BCLC recommended therapy (2018 revi-
sion) based on multidisciplinary discussion. Although 
deviation occurred in upwards of three out of four 
cases, median OS on an intention-to-treat basis either 
matched or exceeded the BCLC expectations.44  

In clinical practice, patient presentations are often 
complex and require nuanced discussion of the treatment 
intent and therapeutic options. No algorithm can capture 
all clinical scenarios, and an individualized approach with 
multidisciplinary discussion is essential to deliver the high-
est quality of care to patients with HCC (Figure 1). 

What’s on the Horizon?
Although extraordinary progress has been made in 

the management of HCC, many questions and areas of 
interest remain, including:  

•	 What is the definition of combination therapy, and 
does sequencing matter?

•	 What role, if any, is there for adjuvant therapies after 
ablation or resection?

•	 How can intermediate-stage disease be further 
refined to optimize treatment allocation?

•	 Is there a role for hepatic perfusion therapies in 
HCC?

Select clinical trials of interest are outlined in Table 1.  n
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