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Although hepatocellular carcinoma (HCC) is associated with a poor prognosis, management of 
early-stage HCC is often successful with highly efficacious treatment modalities such as liver 
transplantation, surgical resection, and radiofrequency ablation. However, unfavorable clinical 
outcomes have been observed under certain circumstances, even after efficient treatment. 
Factors that predict unsuitable results after treatment include tumor markers, inflammatory 
markers, imaging findings reflecting tumor biology, specific outcome indicators for each 
treatment modality, liver functional reserve, and the technical feasibility of the treatment 
modalities. Various strategies may overcome these challenges, including the application of 
reinforced treatment indication criteria with predictive markers reflecting tumor biology, 
compensation for technical issues with up-to-date technologies, modification of treatment 
modalities, downstaging with locoregional therapies (such as transarterial chemotherapy 
or radiotherapy), and recently introduced combination immunotherapies. In this review, we 
discuss the challenges to achieving optimal outcomes in the management of early-stage HCC 
and suggest strategies to overcome these obstacles. (J Liver Cancer 2023;23:300-315)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause 

of cancer-related mortality globally, and seventh in terms of 

cancer incidence in South Korea. Although the overall clini-

cal course and prognosis of HCC remain unsatisfactory, 

treatment is effective in select patients with early-stage HCC, 

potentially resulting in excellent recurrence-free and overall 

survival (OS) outcomes. Therefore, diagnosis of early-stage 

HCC and timely treatment are of utmost importance.

The criteria for early-stage HCC vary according to the 

staging system. The Barcelona Clinic Liver Cancer (BCLC) 

system, one of the most widely used HCC staging systems, 

was updated in 2022.1 It defines early HCC into two groups: 

very early-stage HCC, which includes single HCC ≤2 cm 

with preserved liver function and a performance status of 0, 

and early-stage HCC, which includes single HCC or ≤3 nod-

ules, each ≤3 cm in diameter, with preserved liver function 

and a performance status of 0. The modified Union for In-

ternational Cancer Control (mUICC) staging system consid-

ers the number of tumors, diameter of the largest tumor  
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≤2 cm, and the absence of vascular or bile duct invasion. Al-

though early-stage HCC is not precisely defined in the 

mUICC staging system, depending on the number of fulfilled 

criteria, HCC diagnosed as stage I (all three criteria fulfilled) 

or stage II (two of three criteria fulfilled, especially in a spe-

cific setting without vascular or bile duct invasion) may be 

regarded as early HCC in the mUICC staging system with re-

spect to the BCLC system and Milan criteria.2,3

Treatment methods for early-stage HCC may be catego-

rized into three modalities: liver transplantation (LT), surgi-

cal resection (SR), and local ablation.1,4 These three efficient 

modalities have been explored in various clinical studies and 

have yielded favorable outcomes in early-stage HCC. How-

ever, owing to diverse clinical variables, such as tumor biolo-

gy, liver functional reserve, patient comorbidities, and the 

anatomical location of the tumor, routine application of 

these conventional treatment methods for HCC is not always 

feasible, resulting in unexpected insufficient anti-tumor re-

sponses (Fig. 1).

In this review, we summarize the challenges in the treat-

ment of early-stage HCC and discuss potential strategies to 

overcome these hurdles.

PITFALLS FOR INSUFFICIENT TREATMENT 
OUTCOMES

1. LT

1) Criteria for transplantation
LT is often recommended for patients who are ineligible 

for SR when tumor stage falls within the Milan criteria. The-

oretically, LT is the most efficient treatment strategy, because 

it enables removal of not only the tumor tissue but also the 

cirrhotic liver, thereby preventing de novo  carcinogenesis. 

However, due to shortage of organ availability for patients 

with early HCC, only living-donor LT (LDLT) is selectively 

performed in a few centers in South Korea. The Milan crite-

ria, introduced by Mazzaferro et al.,3 include a single tumor 

≤5 cm or up to three tumor nodules, each with a maximum 

diameter of 3 cm, without macrovascular invasion or extra-

Figure 1. Pitfalls leading to insu�cient treatment outcomes in early-stage hepatocellular carcinoma. ICG-R15, indocyanine green retention rate 
at 15 minutes; ALBI, albumin-bilirubin; LSM, liver stiffness measurement; AFP, alpha-fetoprotien; PIKVA-II, prothrombin induced by vitamin K 
absence or antagonist-II; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; MVI, microvascular invasion; PET, positron emission 
tomography.
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hepatic location. Although the Milan criteria have been asso-

ciated with a 92% recurrence-free survival (RFS) rate at  

4 years, several patients, who may otherwise have favorable 

prognosis, may be excluded from LT, due to their stringency. 

Therefore, extended criteria for LT have been proposed with 

reported favorable outcomes (Table 1). Often, these expand-

ed criteria adapt morphometric variables, such as tumor 

number and size, to identify specific patients beyond the Mi-

lan criteria without increasing the risk of post-transplanta-

tion recurrence.5,6 Both the University of California, San 

Francisco criteria and the Asan criteria have shown positive 

results in expanding the conventional Milan criteria, al-

though a few conflicting results have been reported, indicat-

ing that additional validation is required.

2) Tumor markers
In addition to morphometric variables, the biology of the 

tumor is a critical parameter to consider for recurrence after 

LT, because large or multiple HCCs do not always correlate 

with poor prognosis. Since pre-transplantation tumor biopsy 

is not generally applicable due to the risk of tumor cell seed-

ing, and a biopsy may not represent the entire tumor biology 

due to tumor heterogeneity, predicting post-LT outcomes 

with noninvasive biomarkers would be valuable.

Serum alpha-fetoprotein (AFP) and prothrombin induced 

by vitamin K absence or antagonist-II (PIVKA-II) have been 

associated with the aggressiveness of tumors.7,8 In particular, 

AFP has become the most widely used prognostic marker for 

predicting the aggressiveness of tumors, and some studies 

have proposed prediction models combined with AFP. Kwon 

et al.9 and Suh et al.10 emphasized the importance of AFP in 

assessing the risk and prognosis of HCC using specific 

thresholds related to survival and recurrence rates. Choi et 

al.11 also demonstrated that the 5-year disease-free survival 

(DFS) was 88.6% in patients with serum AFP <100 ng/mL 

and tumor size <5 cm. Additionally, PIVKA-II, also known 

as des-γ-carboxy prothrombin, has been suggested as a pre-

dictive marker for outcomes after LT, as shown in studies re-

porting on recurrence and survival rates in different patient 

groups.12,13 Taketomi investigated the impact of PIVKA-II on 

HCC recurrence after LDLT and found that the 5-year OS 

and RFS rates were 82.7% and 87.0%, respectively, in pa-

tients with tumors <5 cm in diameter and PIVKA-II <300 

mAU/mL.14 Another study from 49 centers including 653 

patients found that the 5-year RFS rate was 84.3% in trans-

plant recipients beyond the Milan criteria, serum AFP levels 

≤200 ng/mL, and PIVKA-II levels ≤100 mAU/mL.14 Further-

more, Lee et al.7 proposed a model to predict tumor recur-

rence after LT for HCC beyond Milan criteria (MoRAL 

score) with serum AFP and PIVKA-II, and demonstrated 

5-year recurrence-free and OS rates with MoRAL scores as 

high as 66.3% and 82.6%, respectively.

3) In�ammation markers
The neutrophil-to-lymphocyte ratio (NLR) is a well-

known marker of active systemic inflammation, and several 

studies have correlated NLR with recurrence after LT. For 

instance, Halazun et al.15 found that patients within the Mi-

lan criteria and with elevated NLR had significantly poorer 

DFS relative to those with normal NLR within the Milan cri-

teria (30% vs. 81%; P <0.0001). Similarly, Harimoto et al.16 

revealed distinct survival rates based on NLR levels in pa-

tients who had undergone LT for HCC.

Serum C-reactive protein (CRP), a commonly used mark-

er for systemic inflammation, has also been demonstrated as 

a predictive marker for HCC recurrence after LT. Studies by 

An et al.17 and Na et al.18 have further highlighted the impor-

tance of CRP levels in predicting outcomes, including recur-

rence and survival, with specific thresholds indicating signifi-

cantly worse results. The integration of these markers into a 

newly designed model consisting of NLR and CRP levels has 

underscored the potential of noninvasive inflammatory 

markers to predict prognosis in the context of LT for HCC.

4) Positron emission tomography
18F-fluorodeoxyglucose (18F-FDG) positron emission to-

mography (PET) is commonly performed to assess potential 

extrahepatic metastasis before LT. Research has shown that 
18F-FDG PET scanning can help to characterize tumor biolo-

gy and prognosis after HCC treatment.19,20 Lee et al.21 pro-

posed new criteria using 18F-FDG PET scans and tumor size 

to select optimal patients and expand the LDLT pool (with 
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negative findings on PET and total tumor size <10 cm). Ad-

ditional studies have reported that increased 18F-FDG uptake 

on PET may predict microvascular invasion (MVI) or unfa-

vorable tumor histology, resulting in poor outcomes after 

LT.22-24

2. SR

1) Criteria for SR including clinical variables
Among the curative-intent therapies against HCC, SR has 

the broadest range of indications relative to other modalities, 

such as LT and local ablation therapies. SR has shown favor-

able outcomes for large HCCs, even those >10 cm, when 

compared to those associated with non-surgical treatments, 

such as transarterial chemoembolization (TACE), with a fair 

safety profile.25,26 For example, Hwang et al.25 reported that 

the 5-year survival rate was 35.5% in 471 patients who had 

undergone SR for HCC >10 cm, noting that tumor volume 

did not affect recurrence or survival.

In cases of multiple HCCs, SR has also shown superior re-

sults compared to those associated with alternative treat-

ments such as radiofrequency ablation (RFA) and TACE. 

Comparative studies have reported better long-term survival 

with SR for multifocal HCCs than that associated with RFA 

(hazard ratio [HR], 0.69; P <0.001).27 Moreover, a nation-

wide survey in Japan including 2,178 patients with multiple 

HCCs (1,089 patients allocated to each SR and TACE group) 

demonstrated better 5-year survival rates in the SR group for 

patients with tumors ≥30 mm in diameter (53.0% vs. 32.7%; 

P<0.001).28

2) Liver functional reserve and portal hypertension
SR of HCC is the preferred treatment for patients with a 

single tumor and preserved liver function, who can survive 

post-hepatectomy. Therefore, a thorough preoperative as-

sessment of the liver function reserve is crucial to avoid post-

operative liver dysfunction (Table 2). The indocyanine green 

retention rate at 15 minutes (ICG-R15) is commonly used 

for this purpose, with values under 10% generally recom-

mended, although this may vary depending on the extent of 

SR.29 Fan et al.30 suggested an ICG-R15 <14% for patients 

undergoing SR more extensive than right hemi-hepatectomy. 

Moreover, Schwarz et al.31 analyzed 698 patients who had 

undergone liver resection for HCC (minor, 44.8%; major, 

55.2%) and concluded that indocyanine green <19.5% is the 

optimal cut-off value for predicting postoperative liver dys-

function. Choi and colleagues demonstrated postoperative 

hepatic decompensation and poor prognosis in patients with 

significant portal hypertension (defined by the BCLC criteria 

as presence of esophageal or gastric varices or splenomegaly 

[diameter ≥12 cm] with platelet count <100,000/mm3) be-

fore SR of HCC.32,33 However, Cucchetti et al.34 demonstrated 

that the model for end-stage liver disease score and the extent 

of hepatectomy may server as predictors for postoperative 

Table 1. Potential risk factors for insu�cient treatment outcomes following liver transplantation

Risk factor Strategies to overcome

Morphometric variable (outside Milan criteria)
Tumor size
Tumor number

Incorporation of expanded criteria combined with markers (Table 4)
Downstaging with logoregional therapy (TACE, TARE, RT)

Tumor marker
AFP
PIVKA-II

Incorporation of expanded criteria combined with markers (Table 4)
Downstaging with logoregional therapy (TACE, TARE, RT)

Serum inflammation marker
Neutrophil-to-lymphocyte ratio
C-reactive protein

Incorporation of expanded criteria combined with markers (Table 4)
Downstaging with logoregional therapy (TACE, TARE, RT)

Imaging marker
Positive PET-CT

Incorporation of expanded criteria combined with markers (Table 4)
Downstaging with logoregional therapy (TACE, TARE, RT)

AFP, alpha-fetoprotein; PIVKA-II, prothrombin-induced by vitamin K absence or antagonist-II; TACE, trans-arterial chemoembolization; TARE, 
trans-arterial radioembolization; RT, radiotherapy; PET-CT, positron emission tomography-computed tomography.
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liver failure, regardless of the presence or absence of portal 

hypertension. The albumin-bilirubin (ALBI) grade has 

emerged as a reproducible and objective measurement of liv-

er functional reserve in patients with HCC. The ALBI grade 

defines liver function impairment across three grades and 

correlates with survival, tumor relapse, and post-hepatecto-

my liver failure, thus aiding the precise selection of patients 

suited for SR.35 Lastly, liver stiffness measurement (LSM) by 

transient elastography is emerging as the most promising 

noninvasive test to measure liver functional reserve and 

grade of portal hypertension. Many studies have demonstrat-

ed the relationship between LSM and post-hepatectomy liver 

failure36-38 and Serenari et al.39 recently proposed a nomo-

gram based on LSM to predict postoperative complications 

in patients with HCC, thus providing a helpful reference for 

clinicians in decision-making regarding SR.

3) Factors associated with recurrence after SR
Despite promising postsurgical outcomes, the risk of re-

currence remains high in specific patient groups. Factors as-

sociated with an increased likelihood of recurrence include 

advanced age, male sex, a high degree of liver dysfunction, 

and various tumor characteristics such as size, number, 

grade/differentiation, invasion, presence of satellite lesions, 

and AFP levels.40,41 To mitigate the risk of suboptimal out-

comes following SR, these variables should be considered 

alongside tumor size and number in determining the suitable 

HCC treatment modality.

Recent research has also determined predictive variables 

for early HCC recurrence after SR, such as sex, albumin-bili-

rubin grade, and serum AFP.40 Additionally, underlying cir-

rhosis, more than one nodule and AFP >100 ng/mL have 

been proposed as preoperative predictors for non-transplant-

able recurrence after SR.42

The optimal surgical margins for preventing HCC recur-

rence after SR were also investigated. Findings suggest that a 

margin >7 mm is vital for preventing early recurrence, espe-

cially in subgroups with specific characteristics such as high 

AFP levels, non-capsule formation, or MVI.43 Further evi-

dence indicates that wide-margin resection results in better 

clinical outcomes in patients with solitary HCC ≤5 cm.44

3. RFA

RFA for the treatment of HCC has been studied in various 

clinical contexts with a focus on tumor size, number, and 

outcomes.

1) Criteria for RFA
Long-term survival rates after RFA against HCC vary de-

pending on tumor size and number (Table 3). Specifically, 

patients with Child-Pugh class A and HCC ≤2 cm exhibit 65-

Table 2. Potential risk factors for insufficient treatment outcomes 
following surgical resection

Risk factor Strategies to overcome

Liver function reserve
ICG-R15

Liver transplantation
Minimally invasive surgical approaches
Locoregional therapy (TACE, TARE, RT)

Portal hypertension
Platelet count
Spleen size
Esophageal or gastric varices

Liver transplantation
Minimally invasive surgical approaches
Locoregional therapy (TACE, TARE, RT)

Morphometric variable
Tumor size
Tumor number

Locoregional therapy (TACE, TARE, RT)
Neo-adjuvant therapy

Clinical variable
Satellite nodule
Surgical margin
AFP

Locoregional therapy (TACE, TARE, RT)
Neo-adjuvant therapy 

ICG-R15, indocyanine green retention rate at 15 minutes; TACE, trans-
arterial chemoembolization; TARE, trans-arterial radioembolization; 
RT, radiotherapy; AFP, alpha-fetoprotein.

Table 3. Potential risk factors for insufficient treatment outcomes 
following RFA

Risk factor Strategies to overcome

Morphometric variable 

Tumor size Liver transplantation 

Tumor number Surgical resection

Technical feasibility

Subcapsular area, near adjacent organ Artificial ascites

Near major vessel or bile duct Microwave ablation

Unable to detect B-mode ultrasound C-EUS, fusion imaging

Microvascular invasion Surgical resection

RFA, radiofrequency ablation; C-EUS, contras-enhanced ultrasound.
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70% 5-year survival rates, while those with HCC tumor size 

between 2-5 cm have a 5-year survival rate of 50%.45-47 Com-

parative studies between RFA and SR have mostly found no 

significant differences in survival rates.48-50 Even a meta-anal-

ysis of eight randomized controlled trials found similar 

5-year survival and DFS rates between RFA and liver resec-

tion for patients within the Milan criteria.51 However, one re-

cent Korean study found superior DFS with SR, although the 

OS was similar to that associated with RFA.52 Similarly, other 

non-randomized studies have found no significant differenc-

es in survival rates between liver resection and RFA for the 

treatment of HCC <3 cm in diameter.53-55

2) Technical feasibility of RFA
Efficacy of RFA against HCC may depend on the anatomi-

cal location of the tumor. Ideal outcomes occur when the tu-

mor is located distally from the liver capsule, intrahepatic 

vasculature, or central bile duct, which minimizes complica-

tions owing to the heat-sink effect.56,57 Tumors in the sub-

phrenic region may have an increased risk of local recurrence 

and peritoneal metastasis (up to 9.5%) post-RFA.58,59 When 

the tumor is close to the large portal or hepatic veins (diame-

ter >3 mm), RFA efficacy may be reduced due to suboptimal 

heat delivery, with risks of vascular or biliary injury.58,60,61

3) MVI
MVI is recognized as a predictive factor for poor prognosis 

following various HCC treatment modalities, including 

RFA.62,63 Analysis of MVI before treatment is vital for plan-

ning and prognostication. Although MVI is typically evaluat-

ed based on the microscopic findings of resected tumor 

specimens, several studies have determined predictive factors 

for MVI, including non-smooth tumor margins on comput-

ed tomography, arterial peritumoral enhancement, hepato-

biliary peritumoral hypointensity on magnetic resonance im-

aging (MRI), increased levels of specific tumor markers 

(such as AFP and PIVKA-II), and larger tumor size.64-67

STRATEGIES TO ADDRESS SUBOPTIMAL 
OUTCOMES

1. LT

LT is vital for treating HCC; however, it may be challeng-

ing to predict and prevent recurrence. Strategies developed 

Table 4. Combination of markers with morphometric variables to predict outcomes following liver transplantation for HCC

Marker Study, criterion name Value for cut-off HCC characteristic
5-year 

RFS (%) 
5-year 
OS (%)

AFP DuBay et al.,119 Toronto <400 HCC confined to the liver and no poor 
histologic differentiation

66 70

Toso et al.,120 Toso ≤400 Total tumor volume ≤115 cm3 68.0* 74.6*

Wan et al.121 ≤400 Tumor ≤10 cm, no vascular and extrahepatic 
invasions

74.4 73.7

Duvoux et al.,122 French ≤100 Nodule diameters ≤3 cm, between 3-6 cm,  
or ≥6 cm

66.6 69.9

PIVKA-II Kaido et al.,123 Kyoto ≤400 Up to 10 HCCs with a diameter ≤5 cm - 82.0

Ito et al.124 ≤400 Tumor size ≤10 cm - 86.7

Soejima et al.125 ≤300 Tumor size ≤5 cm 93.8† -

AFP/PIVKA-II Lee et al.,7 MoRAL AFP and PIVKA-II derived score Beyond Milan criteria 66.3 86.0

Todo et al.14 AFP ≤200, PIVKA-II ≤100 Milan criteria 96.4 -

Shindoh et al.126 AFP ≤250, PIVKA-II ≤450 Tokyo criteria 96.8 -

NLR/CRP Na et al.18 NLR < 6.0 and CRP < 1.0 None 96.8 84.0

HCC, hepatocellular carcinoma; RFS, recurrence-free survival; OS, overall survival; AFP, alpha-fetoprotein; PIVKA-II, prothrombin-induced by 
vitamin K absence or antagonist-II; NLR, neutrophil to lymphocyte ratio; CRP, c-reactive protein.
*4-year; †3-year.
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to address these challenges are discussed in this section.

1) Incorporation of criteria with tumor biologic markers
The primary challenge of LT in HCC is the prediction and 

prevention of post-transplantation HCC recurrence, while 

ensuring that patients have adequate access to LT. Numerous 

studies have proposed LT criteria that incorporate not only 

morphometric variables but also markers reflecting tumor 

biology (Table 4). By considering an array of variables associ-

ated with recurrence and expanding the criteria for LT, ac-

cessibility to this procedure may be improved for patients 

with HCC while maintaining or possibly mitigating recur-

rence and survival rates.

2) Treatment migration and downstaging
For patients unable to undergo LT due to not fulfilling the 

Milan criteria or characterized by the expected aggressive tu-

mor biology, alternative treatment modalities, such as lo-

coregional therapies, may be advisable. If patients are suc-

cessfully treated and downstaged within the criteria for LT, 

they may proceed with the procedure. Additionally, down-

staging with locoregional therapy may provide an opportu-

nity to observe the response to therapy and assess tumor bi-

ology. A randomized controlled trial investigated 45 patients 

who were successfully downstaged within the Milan criteria 

through treatment migration and subsequently underwent 

LT. The study revealed a 77.5% 5-year OS rate in contrast to 

a 31.2% rate among patients who did not undergo LT 

(P=0.035).68

3) Downstaging of HCC: TACE
The objective of HCC downstaging is to meet the accept-

able criteria for LT, with the chosen downstaging therapy of-

ten dependent on factors such as tumor burden, location, 

liver function, and center expertise.69,70 TACE is commonly 

used for downstaging HCC beyond the Milan criteria due to 

multiple tumor burden and its field effect.71 Both conven-

tional TACE and drug-eluting bead TACE may be employed, 

although multiple therapy sessions may be necessary for a 

successful anti-tumor response without residual or recurrent 

HCC. Yao et al.72 compared the outcomes after tumor down-

staging, primarily through TACE followed by LT, in 61 pa-

tients who did not meet the Milan criteria. They found suc-

cessful downstaging in 70.5% of the patients and a 4-year 

post-transplantation survival rate of 92.1%. A subsequent in-

vestigation in 118 patients with HCC who had undergone 

downstaging within the Milan criteria prior to LT revealed 

that the 5-year post-transplantation survival rate and the RFS 

rate were 77.8% and 81.0%, respectively, indicating promis-

ing outcomes for patients with HCC who underwent LT after 

successful downstaging.73

4) Downstaging of HCC: transarterial radioembolization
Transarterial radioembolization (TARE) has been pro-

posed as an effective locoregional therapy for HCC that en-

ables delivery of high-dose radiation to the tumor while min-

imizing complications such as acute tumor ischemia and 

liver function deterioration, which are common with TACE. 

Although data regarding TARE are limited, a study of pooled 

analysis focusing on the role of TARE in downstaging HCC 

has shown that both the tumor control rate and response are 

high, with favorable long-term oncological outcomes after 

LT.74 TARE for HCC has been endorsed and recommended 

by various investigators, with Kim et al. reporting higher dis-

ease control rates and better survival outcomes in patients 

without lymph node metastases or distant metastases, specif-

ically with BCLC stage B or C and tumor size ≥5 cm, com-

pared to the same parameters associated with TACE.75 How-

ever, the role of TARE in the context of LT and downstaging 

is still debated due to the absence of clear and unified guide-

lines.

5) Downstaging of HCC: radiotherapy
Radiotherapy (RT) is a potential treatment modality for 

downstaging HCC when LT is not an option. Numerous 

studies have shown that RT is a safe and effective alternative, 

particularly when other locoregional therapies are unsuitable. 

A prospective study that compared stereotactic body RT 

(SBRT) with TACE and high-intensity focused ultrasound as 

bridge therapies to LT for HCC, revealed that SBRT was not 

only safe but also had a notably higher tumor control rate 

and low risk of waitlist dropout.76-78 The role of RT in bridge 
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therapy to LT for HCC with portal vein tumor thrombosis 

(PVTT) has also been explored. It has been suggested that LT 

following RT could be the treatment of choice for HCC com-

pounded with PVTT in certain patients.79,80 Moreover, the 

efficacy of neoadjuvant RT prior to LT for HCC that is not 

amenable to locoregional treatment has been examined. Al-

though a complete pathological response was noted in 47.8% 

of patients undergoing RT, the 5-year survival rate was not 

significantly different from that of patients who did not un-

dergo RT (68.7% vs. 61.7%; P=0.829).81

2. SR

1) Minimally invasive surgical approach
Eligibility for SR depends on various factors such as tumor 

burden, liver dysfunction, portal hypertension, and planned 

resection scope, while considering future liver remnants.82 SR 

has traditionally been limited to patients with underlying cir-

rhosis, significant portal hypertension, or inadequate future 

liver remnants. However, the recent emergence of minimally 

invasive surgical (MIS) approaches, along with advances in 

intraoperative and perioperative management, has increased 

the number of patients eligible for SR. MIS approaches, in-

cluding laparoscopic and robot-assisted liver resection, are 

typically used for limited minor resections in anatomically 

favorable locations, with major liver resection generally re-

stricted to high-volume centers. Meta-analyses of compara-

tive studies have shown that MIS approaches resulted in re-

duced surgical blood loss, shorter hospital stay, and 

decreased 30-day morbidity, compared to the same parame-

ters associated with open resection, while RFS and OS rates 

appear comparable.83,84

2) Treatment migration: transarterial therapy
Transarterial therapy is often recommended for interme-

diate-stage HCC; however, favorable responses have been re-

ported for early-stage HCC. Retrospective studies with pa-

tients within the Milan criteria who underwent SR, RFA, or 

TACE have found that the TACE group experienced a short-

er time to tumor progression, with no significant difference 

in the 5-year survival rate between groups.53,85 Thus, TACE 

may serve as an alternative curative option for early-stage 

HCC when surgical approaches or RFA are not feasible. Ad-

ditionally, TARE may be an alternative with an efficacy com-

parable to that of TACE in a neoadjuvant setting, particularly 

for patients with lobar portal vein thrombosis. TARE pro-

vides benefits over TACE, such as reduced toxicity and con-

tralateral remnant liver hypertrophy, without the need for 

portal vein embolization.86-88 Thus, TARE is becoming an in-

creasingly preferred method for downstaging patients before 

surgical intervention.

3) Treatment migration: RT
RT has been proposed as a downstaging tool for HCC 

when SR is not possible, especially in locally advanced HCC 

such as PVTT.89,90 Chong et al.91 compared the disease-spe-

cific survival rate in patients receiving SR after localized con-

current chemoradiotherapy with those receiving SR only and 

found improved survival in the concurrent chemoradiother-

apy group (62 vs. 15 months; P=0.006). Multivariate analysis 

further determined that the radiological response may influ-

ence survival. In addition, a randomized controlled study by 

Wei et al.92 assessed neoadjuvant RT in patients with resect-

able HCC and PVTT and revealed a significantly higher 

2-year survival rate in the neoadjuvant RT group than in the 

surgery-alone group (27.4% vs. 9.4%; P <0.001), indicating 

enhanced postoperative outcomes with neoadjuvant RT.

4) Neoadjuvant and adjuvant therapy
Although SR increases the possibility of long-term survival 

in patients with HCC, the risk of postoperative recurrence 

remains significant, emphasizing the need for neoadjuvant or 

adjuvant therapies. In the treatment of various malignant tu-

mors, the use of neoadjuvant or adjuvant therapies with the 

goal of downstaging the disease to enable resection or im-

prove postoperative outcomes is common. However, the 

contribution of neoadjuvant and adjuvant therapies in the 

treatment of HCC is yet to be determined. Preoperative 

TACE as neoadjuvant therapy has generated conflicting re-

sults. A meta-analysis including 32 studies concluded that 

there was no notable difference in DFS or OS between pa-

tients who received preoperative TACE and those who did 
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not. Nevertheless, patients who demonstrated complete re-

sponse to TACE exhibited significantly improved DFS and 

OS. Furthermore, a prospective study including 67 patients 

with early-stage HCC, who were not candidates for LT or SR 

but underwent TACE, showed a complete anti-tumor re-

sponse rate of 67.2% after a month and a 3-year survival rate 

of 80.5%.93

The STORM study, which investigated the efficacy of 

sorafenib (a tyrosine kinase inhibitor) as adjuvant therapy af-

ter SR for HCC in 900 patients across 28 countries, found no 

difference in RFS between patients treated with postoperative 

sorafenib and those who did not. Sorafenib was associated 

with a poor safety profile (including four drug-related 

deaths). Although currently no randomized trials have evalu-

ated the efficacy of lenvatinib (another first-line systemic ty-

rosine kinase inhibitor agent for HCC) as an adjuvant thera-

py in the postoperative setting, small retrospective studies 

have indicated improved survival outcomes in selected high-

risk patient cohorts presenting with MVI.94,95

Finally, the IMBrave050 trial was the first study where ad-

juvant therapy showed a tangible benefit in terms of patient 

outcomes. In this open-label randomized clinical trial, ad-

ministration of adjuvant atezolizumab and bevacizumab for 

12 months significantly improved RFS in high-risk patients.96 

Furthermore, phase I and II studies employing a combina-

tion of immune checkpoint inhibitors (including nivolumab 

+ cabozantinib, and nivolumab ± ipilimumab), yielded ma-

jor pathologic responses in 30-40% of patients. Despite these 

encouraging results, further exploration through phase III 

studies and large-scale real-world data is essential to compre-

hensively understand the roles of neoadjuvant and adjuvant 

therapies with immune checkpoint inhibitors in the manage-

ment of HCC.

3. RFA

1) MVI
RFA generally yields favorable outcomes for the treatment 

of single tumors ≤2 cm in diameter, but for tumors within 

the Milan criteria, RFA has been associated with a higher re-

currence rate than that associated with SR, despite signifi-

cantly lower complication rates. If patients are suspected to 

have high-risk MVI, SR of HCC has shown superior 5-year 

recurrence and OS rate compared to that associated with 

RFA for early-stage HCC.97 Consequently, RFA should be 

considered for patients more likely to have a positive treat-

ment outcome or those who cannot undergo invasive treat-

ments such as SR. In such cases, combination treatment with 

TACE may be considered.98,99 Chen et al.100 compared the 

post-recurrence survival and OS rates in patients with resect-

able HCC who underwent RFA or TACE, and found no sig-

nificant difference in MVI association between the groups.

2) Overcoming technical feasibility issues
Technical feasibility of RFA can be enhanced with addi-

tional methods. When the tumor is adjacent to other organs, 

RFA can be performed safely and effectively using artificial 

ascites to create a barrier between the tumor and neighboring 

structures.101 When a tumor is not adequately visualized 

through conventional B-mode ultrasonography, contrast-

enhanced ultrasonography or navigation fusion imaging may 

enhance detection and response rates.102,103 In a Korean pro-

spective study involving 216 patients with HCCs <5 cm in 

diameter, 30/76 HCCs (39.5%) that were not visible on B-

mode ultrasonography were successfully located using fusion 

imaging. Furthermore, all 60 HCCs that were unsuitable for 

RFA on B-mode ultrasonography were rendered feasible for 

RFA when fusion imaging was applied.102 Contrast-enhanced 

ultrasonography has also been shown to improve the detec-

tion rate of small HCCs that are difficult to be detected on B-

mode ultrasonography, with higher detection rates associated 

with contrast-enhanced ultrasonography under fusion imag-

ing compared to those associated with contrast-enhanced ul-

trasonography alone.103 Regarding perivascular HCC, Lee et 

al.104 demonstrated better DFS associated with microwave 

ablation relative to RFA, although the 2-year survival rate 

was not significantly different between the two. Moreover, 

recent advancements in RFA technology have led to the de-

velopment of no-touch RFA, which involves the placement 

of multiple electrodes around the periphery of the tumor. 

This technique has been shown to result in lower local recur-

rence rate than that associated with conventional RFA, which 
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directly punctures the tumor.105,106 However, further research 

is required to ensure that this approach also confers a surviv-

al advantage.107

3) SBRT
SBRT may be an effective alternative when RFA is not fea-

sible. A retrospective study by Kim et al.108 that compared the 

treatment efficacy between RFA and SBRT found that SBRT 

was associated with a significantly lower risk of local recur-

rence than that associated with RFA (HR, 0.36; P<0.001) and 

provided superior local control for small tumors (≤3 cm), re-

gardless of location, and in large tumors in the subphrenic 

region. Another retrospective study by Shin et al.109 found no 

significant difference between SBRT and RFA in terms of OS 

and local tumor control rate. Although more prospective 

randomized trials are required, SBRT may be the preferred 

treatment option when RFA is not an option. A randomized 

phase III trial investigating the treatment efficacy of RFA and 

proton beam radiotherapy (PBT) against recurrent/residual 

HCC demonstrated that the 2-year local progression-free 

survival rate was 92.8% in the PBT group and 83.2% in the 

RFA group, proving the non-inferiority of PBT to RFA. Fur-

thermore, another network meta-analysis comparing the ef-

ficacy of treatment modalities such as PBT and RFA in early-

stage HCC showed no significant difference between 

modalities, suggesting that PBT may be an alternative treat-

ment option when RFA is not feasible.

4) Microwave ablation and cryoablation
As alternatives to RFA, application of microwave ablation 

(MWA) and cryoablation against early-stage HCC has been 

increasing. Since microwaves can readily penetrate biologic 

materials continuously applying high temperatures (>150℃), 

MWA can improve ablation efficacy by increasing thermal 

conduction into the surrounding tissue.110 Two randomized 

controlled studies comparing the RFS, and OS between 

MWA and RFA in patients with HCC (tumor number ≤3 

and tumor size ≤ 4-5 cm) demonstrated no significant differ-

ence,111,112 and meta-analyses also showed no difference be-

tween the two groups regarding OS and major complication 

rates.113,114 However, microwave energy is inherently more 

difficult to distribute than radiofrequency energy is, limiting 

its application in clinical practice.115 

Cryoablation has the merit of feasibility for treatment 

monitoring, because ice balls can be easily identified with ul-

trasound, non-enhanced CT, or MRI. A multicenter ran-

domized controlled trial comparing cryoablation and RFA in 

HCC by Wang et al.116 exhibited no significant difference in 

1-, 3-, and 5-year OS, RFS, and major complication rates. 

Although some studies have reported lower complication 

rate in cryoablation relative to RFA in HCC located near the 

bile duct or vascular structure, the size of the cryoablated 

zone is known to correlate with probe diameter.117,118 Hence, 

in circumstances when a large ablation zone is required, 

multiple or large-diameter probes with prolonged treatment 

time are required.115 

SUMMARY AND PERSPECTIVES

Although HCC generally has a poor prognosis, favorable 

outcomes are possible in patients with early-stage HCC via 

highly effective treatment modalities, such as LT, SR, and lo-

cal ablation. However, achieving optimal results with these 

treatments presents numerous challenges. Management of 

HCC requires a holistic approach, considering not only the 

number and size of tumors, but also the underlying tumor 

biology, residual liver function, and various risk factors that 

may influence recurrence and survival outcomes. These ap-

proaches are only feasible with multidisciplinary approaches 

with experts in diverse fields of HCC gathering novel opin-

ions on the most optimal treatment strategy. By developing 

precise criteria for each treatment modality and personaliz-

ing approaches based on liver function and tumor-related 

variables, therapeutic outcomes for patients with early-stage 

HCC may be enhanced.
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