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Compared with other treatments, surgical resection is an effective treatment method with the lowest local recurrence rate 
and the highest survival rate for hepatocellular carcinoma (HCC). To achieve excellent results after surgical treatment, it is 
essential to carefully select patients who are suitable for hepatic resection and minimize postoperative complications and 
liver function decline through standardized surgical methods and pre- and postoperative management. However, domestic 
and international treatment guidelines only broadly recommend the application of hepatic resection for HCC with a single 
tumor and good liver function. Hence, practical treatment guidelines are required that can be standardized and used 
according to the varying clinical environments, including indications for hepatic resection, preoperative evaluation, basic 
principles of hepatic resection, minimally invasive hepatic resection, pre- and postoperative patient management, surgical 
treatment considerations in specific infection situations, and follow-up after surgical resection. Accordingly, an expert 
group from the Korean Liver Cancer Association Research Committee has developed practical recommendations based on 
expert consensus regarding the surgical treatment of HCC through a Delphi study.
[Ann Surg Treat Res 2025;109(3):123-143]
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most prevalent 

cancers in Korea, accounting for 11.9% of all cancer-related 
deaths in 2023, with 10,136 individuals succumbing to liver 
cancer. Despite the advancements made in various treatment 
modalities, the overall 5-year survival rate remains at a mere 
39.3%, with only 62.4% for patients with the disease confined 
to the liver [1]. Liver resection has been shown to be the 
most effective treatment for HCC in terms of reducing local 
recurrence and enhancing survival rates. The outcomes of liver 
resection have continually improved; prior to 2007, the 5-year 
disease-free survival rate after resection was 41.4%, which 
increased to 61.1% after 2017, with overall survival rates rising 
from 68.1% to >90% [2]. Furthermore, major complications 
leading to early postoperative mortality have decreased, with 
a current 30-day mortality rate around 2% [3,4]. In 2022, 21.3% 
of patients diagnosed with HCC in Korea will undergo liver 
resection as their initial treatment, a significant increase from 
the 12.2% reported previously [5].

To achieve optimal treatment outcomes, precise patient 
selection, standardized surgical techniques, and postoperative 
management are essential to minimize complications and 
deterioration of liver function. Nonetheless, current Korean and 
international clinical guidelines [6-9] broadly recommend liver 
resection for patients with preserved liver function and a single 
hepatocellular tumor, necessitating practical guidelines that can 
be standardized across various clinical settings.

Therefore, the Korean Liver Cancer Association has conducted 
a survey of experts to define the criteria for selecting patients for 

liver resection in Korea, assessed procedures and postoperative 
care methods, and performed a literature review on the subject. 
This led to expert panel discussions and public hearings, 
culminating in a consensus on specific implementation methods 
for liver resection.

METHODS

Panel generation
A total of 37 panelists were selected from the Korean Liver 

Cancer Association, the Korean Association of Liver Surgery, 
and the Korean Association of Hepato-Biliary Pancreatic 
Surgery as experts in HCC management with diverse surgical 
backgrounds. The panelists included both radiologists and 
hepatologists. The consensus process used a modified Delphi 
method to incorporate inputs from literature and a diverse 
group of content experts, practitioners, and patient advocates.

Basic process (Fig. 1)
To provide clear clinical practice guidelines, the committee 

subdivided the study into 7 core domains: indications for 
hepatic resection, preoperative evaluation, basic principles 
of hepatic resection, minimally invasive hepatic resection, 
considerations in specific infectious settings, perioperative 
patient management, and follow-up.

These guidelines took a unique approach to production, 
incorporating 3 validated methods: the Scottish Intercollegiate 
Guidelines Network methodology for assessing evidence and 
developing the guideline statements, the Delphi method for 
establishing an expert consensus, and the AGREE II-GRS (Global 

Delphi round 1 (n = 37, RR = 62.2%)
A set of 27 key questions, 46 statements

Delphi round 2 (n = 23, RR = 73.9%)
40 statements reached a consensus

Consensus statement

Survey question sent to expert panel

Expert panel chosen and literature review

Research committee

Fig. 1. Recommendation formu­
lation and expert consensus pro­
cess. RR, response rate.
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Rating Scale) tool for assessing the methodological quality and 
external validation of the final statements.

A set of 27 key questions and 46 statements on the 
indications for hepatic resection, preoperative evaluation, basic 
principles of hepatic resection, minimally invasive hepatic 
resection, preoperative and postoperative management, 
and follow-up were determined. These statements were 
consolidated and disseminated to the entire expert panel for 
voting according to the Delphi methodology.

The expert panelists defined the level of agreement for each 
statement on a scale ranging from 0 (not at all appropriate) 
to 100 (completely appropriate). The panelists were blinded 
to the responses of other panelists. The survey results were 
collected and analyzed by non-voting members. Consensus 
agreement, indicating strong agreement on the appropriateness 
of the proposed recommendation, was met when 70% of 
the respondents made statements with ratings ≥75, or the 
median rating was ≥80. Conversely, disagreement agreement, 
indicating strong disagreement on the appropriateness of 
the proposed recommendation, was met when 70% of the 
respondents made statements with ratings ≤25, or the median 
rating was <20. Statements that reached near agreement or 
disagreement tended toward consensus; however, there were 
significant outliers. Statements that did not reach consensus 
were redistributed in the online survey. The panelists evaluated 
the two-round survey statements and reached a consensus on 
several statements. After 2 rounds of the Delphi review, 40 
statements reached a consensus, while 6 did not.

CLINICAL PRACTICE GUIDELINES

Indications of surgical resection
According to the updated 2022 guidelines of the Korean Liver 

Cancer Association-National Cancer Center and international 
consensus, surgical resection is recommended as the primary 
treatment for solitary HCC confined to the liver in patients 
without cirrhosis [10]. Even in cases of cirrhosis, surgical 
resection is prioritized in patients with Child-Pugh Class A liver 
function, provided there is no significant portal hypertension 
or hyperbilirubinemia and sufficient residual liver function is 
anticipated. Furthermore, selective consideration of surgical 
resection is advised for patients with mild portal hypertension 
or hyperbilirubinemia classified as Child-Pugh Class A or B7, 
provided the tumor is solitary.

The prognosis following surgical resection depends on 
the tumor size and vascular invasion. While smaller tumors 
generally predict better outcomes, recent studies have 
demonstrated favorable results in patients with tumors >10 
cm in size, particularly in cases without microscopic vascular 
invasion, which was observed in approximately 1/3 of these 
patients [11-13]. Consequently, current guidelines advocate 

surgical resection for resectable HCC, irrespective of the tumor 
size.

A survey of the optimal surgical indications for HCC revealed 
strong support for resection of solitary tumors. In cases with 
preserved liver function, adequate residual liver volume, and the 
absence of portal hypertension, resection was recommended 
regardless of tumor size, including those >2 cm. Among 
the respondents, 64.7% expressed “strong agreement,” and 
29.4% expressed “agreement,” with no dissenting responses, 
highlighting a consensus favoring resection for solitary HCC in 
patients with well-preserved liver function.

For multinodular HCC, surgical resection has traditionally 
been limited; however, recent studies have demonstrated better 
outcomes with resection than with nonsurgical therapies in 
patients with 3 or fewer tumors [14-16]. In cases where liver 
transplantation is not feasible, surgical resection may be 
selectively considered for patients with 3 or fewer lesions. Major 
vascular invasion, previously considered a contraindication 
for surgical resection, has been reevaluated in light of recent 
evidence. Studies suggest that resection provides superior 
survival outcomes compared to nonsurgical treatments in cases 
without total main portal vein invasion [17-22]. Additionally, 
resection has shown promising 5-year survival rates in patients 
with HCC with bile duct invasion [23,24]. Thus, surgical 
resection may be considered for patients with vascular or 
bile duct invasion if their clinical condition permits and the 
resection is technically feasible.

In a survey addressing the role of resection in multifocal 
HCC or HCC with major vascular invasion, the responses were 
cautiously supportive. While 35.5% of respondents expressed 
“strong agreement” and 52.9% expressed “agreement” 
with selective resection for such cases, the respondents 
acknowledged the need for further evidence and discussion, 
emphasizing the uncertain efficacy of resection in these 
contexts. Although no respondents disagreed, concerns were 
raised regarding the lack of conclusive data on safety and 
effectiveness, warranting additional investigation.

Based on this study, a discussion of practical clinical 
guidelines regarding the indications for future hepatic resection 
is therefore necessary.

Considerations in specific infection contexts
Coronavirus disease 2019
Coronavirus disease 2019 (COVID-19) has significant 

implications for liver health. Severe acute respiratory syndrome 
coronavirus 2 infection may exacerbate liver damage in 
patients with chronic liver disease, leading to further hepatic 
dysfunction, potentially progressing to decompensated cirrhosis 
or liver failure [25]. Patients with chronic hepatitis B, hepatitis 
C, or nonalcoholic fatty liver disease are at a higher risk of liver 
damage due to inflammation and drug-induced hepatotoxicity 
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following infection. Moreover, the immune responses 
triggered by COVID-19 can worsen immunosuppression, 
raising concerns regarding the reactivation of viral hepatitis 
[26]. The use of antiviral agents and antibiotics may also 
contribute to hepatotoxicity [27,28]. These factors have been 
shown to increase the risk of severe COVID-19 complications in 
patients with chronic liver disease and potentially lead to life-
threatening outcomes.

​ Delays in HCC treatment due to the COVID-19 pandemic 
have posed significant challenges, as disease progression can 
accelerate with treatment postponement. Resource limitations 
during the pandemic have led to increased waiting times for 
surgical interventions. Nevertheless, the guidelines from the 
Asia-Pacific Association for the Study of the Liver recommend 
prioritizing curative treatments, including liver resection and 
radiofrequency ablation, to minimize disease progression 
[29]. In patients at risk of COVID-19, rigorous infection control 
measures and preoperative screening are essential to mitigate 
postoperative complications. Case reports have demonstrated 
the feasibility of safe surgical procedures for HCC even in 
COVID-19–positive patients. For instance, a successful surgery 
was performed under stringent protective measures, including 
the use of negative-pressure operating rooms and proper 
personal protective equipment despite persistently positive 
PCR results. This highlights the possibility of safely performing 
HCC surgery during the COVID-19 pandemic with appropriate 
infection control protocol [30].

In a survey regarding HCC surgeries in COVID-19 patients, 
11.8% of respondents “strongly agreed,” and 88.2% “agreed” 
with the statement that curative surgery should not be 
delayed unless the patient has severe COVID-19. None of the 
respondents disagreed, thus indicating a consensus that HCC 
surgeries can proceed safely in noncritical COVID-19 cases 
when proper infection control measures are implemented.

HIV 
Patients with HIV infection frequently experience co-

infection with HBV or HCV, which increases the risk of HCC by 
approximately seven-fold compared to the general population 
[31]. Despite the advent of highly active antiretroviral therapy, 
the incidence of HCC has not significantly declined, particularly 
in patients with concurrent chronic liver disease, which 
accelerates hepatic dysfunction [32,33]. The clinical course 
of HCC in HIV-positive patients remains unclear, with small-
scale studies reporting variable outcomes [34,35]. Careful 
evaluation of liver function and immune status is essential for 
determining treatment strategies in this patient population.

When considering indications for liver resection in HIV-
positive patients, it is crucial to assess not only liver function 
and disease stage, but also the virological status [36]. Specific 
parameters, such as the MELD (model for end-stage liver 

disease) scores, the degree of portal hypertension, and residual 
liver function, should be thoroughly evaluated. In cases where 
liver function is adequately preserved, surgical resection may 
be selectively attempted. Studies have shown that survival 
rates following curative liver resection are comparable between 
HIV-positive and HIV-negative patients [34,35]. Proper patient 
selection and diligent postoperative follow-up are critical to 
detecting early recurrence and providing timely additional 
treatment.

In a survey on liver resection for HCC in HIV-positive 
patients, 5.9% of respondents “strongly agreed,” and 94.1% 
“agreed” with the statement that surgical resection should be 
selectively performed in patients with well-preserved liver 
function, early-stage HCC, and well-controlled viral status.

In conclusion, liver resection may be a viable option for 
selected HIV-positive patients with HCC with preserved liver 
function, early-stage disease, younger age, and stable virological 
and immune statuses.

HBV
HBV is a leading cause of HCC, accounting for approximately 

50%–80% of HCC cases worldwide. Chronic HBV infection 
induces liver inflammation and fibrosis, which significantly 
increases the risk of HCC in patients who progress to cirrhosis. 
Key risk factors for HCC include HBV genotype, high serum HBV 
DNA levels, and HBeAg positivity [37]. Active HBV replication 
can cause liver damage, accelerate disease progression, and lead 
to complications [38]. Antiviral therapy plays a critical role in 
suppressing HBV DNA replication, improving liver function, and 
reducing the risk of cirrhosis and HCC development [39]. Thus, 
the early detection of HCC and prompt initiation of antiviral 
therapy are essential for HBV-infected patients.

In patients with HBV-related HCC, antiviral therapy enhances 
the success rate of surgical resection and other curative 
treatments. Reactivation of HBV replication and elevated HBV 
DNA levels can occur after liver resection, potentially leading 
to hepatic decompensation [40]. Suppression of HBV DNA 
replication before and after surgery protects liver function 
and reduces the risk of postoperative liver failure [41]. Studies 
have indicated that initiating antiviral therapy in cases 
with detectable HBV DNA can mitigate the risk of hepatitis 
reactivation and tumor recurrence. Moreover, long-term survival 
after liver resection is significantly improved in patients 
receiving antiviral therapy [42,43]. Consequently, the rapid 
evaluation of HBV infection status and concurrent antiviral 
treatment is imperative to optimize treatment outcomes in 
patients with HCC.

In a survey regarding antiviral therapy for patients with HBV-
related HCC, 41.2% of respondents “strongly agreed,” and 52.9% 
“agreed” that antiviral therapy should be initiated when HBV 
DNA is detected prior to surgery. These results indicate a strong 
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consensus regarding the active use of antiviral therapy in this 
patient population.

In conclusion, HBV reactivation is common after HCC 
treatment and prophylactic antiviral therapy can significantly 
reduce the risk of HBV reactivation, hepatitis, liver failure, and 
mortality. Therefore, oral antiviral therapy should be actively 
considered for the management of HBV-related HCC to optimize 
clinical outcomes.

HCV
HCV infection causes chronic liver inflammation and 

fibrosis that can progress to cirrhosis and HCC. Antiviral 
therapy, particularly with direct-acting antivirals (DAAs), 
effectively suppresses HCV RNA replication, reduces liver 
inflammation, improves liver function, and reduces the risk 
for HCC development [44]. However, the effect of DAA therapy 
on recurrence rates in patients with established HCC remains 
unclear, and evidence supporting prophylactic DAA therapy in 
this context is limited.

The optimal timing for initiating antiviral therapy in patients 
with HCV-related HCC after curative resection remains a topic 
of ongoing discussion. Some studies reported lower sustained 
virological response rates to DAA therapy in patients with HCC 
[45]. Concerns have also been raised regarding the potential 
for increased recurrence rates when DAA therapy is initiated 
immediately after HCC resection [46]. Consequently, current 
recommendations suggest initiating DAA therapy 3–6 months 
postoperatively in patients who achieve complete remission, 
ensuring no evidence of recurrence during the observation 
period [47]. This approach balances the careful monitoring of 
HCC recurrence along with suppressing ongoing HCV replication 
to preserve liver function.

In a survey on the timing of DAA therapy for HCV-related 
HCC, 11.8% of respondents “strongly agreed,” and 82.4% “agreed” 
with deferring DAA treatment before surgery and implementing 
an observation period after resection. Most consensus 
statements support delaying DAA therapy and incorporating a 
monitoring phase to reduce the risk of premature treatment.

In conclusion, the evidence for prophylactic DAA therapy in 
HCV-related HCC is still insufficient. For patients who achieve 
complete remission after surgical resection, initiating DAA 
therapy after a defined observation period, provided that there 
is no recurrence, represents a cautious and balanced approach. 
This strategy aims to minimize the risk of recurrence while 
mitigating HCV-induced liver damage.

[Recommendations]
ㆍ�In the era of COVID-19, liver resection with curative 

intent should not be delayed unless there is a high risk 
of decompensation or comorbidities that increase the 
risk of severe COVID-19; in which case, surgery should be 

postponed or alternative treatments should be considered. 
(Level of evidence 5)

ㆍ�In HCC patients with HBV, antiviral therapy should be 
initiated if HBV DNA is detected in the serum. (Level of 
evidence 3)
ㆍ�There is no evidence to support preventive DAA therapy 

for HCC patients with HCV. Patients with HCV-related HCC 
who achieve a complete response after resection should 
receive DAAs after a 3–6-month observation period, 
provided no recurrence is detected. (Level of evidence 3)
ㆍ�In HIV-infected HCC patients, liver resection could be a 

viable option in selecting patients who have well-preserved 
liver function, are at an early stage, are young, and have a 
stable viral immunological status. (Level of evidence 3)

PREOPERATIVE EVALUATION
Preoperative evaluation is crucial to minimize complications 

and improve outcomes in patients with HCC. It focuses on 
liver function assessment and disease staging, enabling the 
accurate evaluation of liver status and tumor progression to 
guide treatment plans. Liver function assessment predicts 
postoperative risk, whereas staging informs therapeutic 
decisions, both of which serve as key prognostic factors for 
overall survival [48].

Preoperative liver function assessment in patients 
with hepatocellular carcinoma
Preoperative liver function assessment is essential to minimize 

postoperative complications, particularly liver failure, in patients 
with HCC. The Child-Pugh score and indocyanine green retention 
rate at 15 minutes (ICG-R15) are key tools that are strongly 
recommended for evaluating liver function. The Child-Pugh 
score remains a fundamental method for assessing the severity 
of liver disease, although it has limitations in patients with 
advanced cirrhosis and those without cirrhosis, necessitating 
its combination with other tests [49-52]. The ICG-R15 provides a 
reliable quantitative evaluation of liver metabolic and excretory 
capacity, guiding surgical decisions on resectable liver volume 
[53,54]. However, its results can be affected by hemodynamic 
and cardiac factors, requiring integration with complementary 
evaluations such as the Child-Pugh score [55-57].

FibroScan (Echosens) and magnetic resonance (MR) elasto
graphy are noninvasive methods that serve as supplementary 
tools for assessing liver stiffness and fibrosis. FibroScan offers 
quick and noninvasive liver stiffness evaluation but may have 
reduced accuracy in patients with ascites or obesity [58,59]. 
MR elastography provides 3-dimensional (3D) imaging of liver 
stiffness and vascular structures, but its high cost and limited 
availability make it less feasible for routine use [60,61]. Although 
these tools enhance the evaluation process, they are considered 
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adjuncts to primary assessments such as the Child-Pugh score 
and ICG-R15.

[Recommendations]
ㆍ�The Child-Pugh score is the most widely used method 

for assessing liver function and provides a quantitative 
evaluation, although it has limitations in patients without 
liver cirrhosis. (Level of evidence 3)
ㆍ�The ICG-R15 is a useful test for predicting the risk of 

postoperative liver failure after liver resection. However, it 
is essential to interpret these results in conjunction with 
other liver function tests because various factors may 
influence the accuracy. (Level of evidence 3)
ㆍ�FibroScan and MR elastography are noninvasive methods 

that assess liver stiffness and function. They can be used 
as adjunct tools for the preoperative evaluation of liver 
function. (Level of evidence 3)

Staging for determining treatment strategies in 
patients with hepatocellular carcinoma
Staging is crucial for predicting the outcomes and 

guiding treatment strategies for HCC. Although numerous 
staging systems have been developed to incorporate tumor 
characteristics and liver function, there is no consensus 
regarding the most effective system [62,63]. The modified 
International Union Against Cancer (mUICC) staging system, 
widely used for determining surgical and treatment options, 
provides a straightforward classification based on tumor size, 
vascular invasion, lymph node involvement, and metastasis [64-
66]. It is particularly effective for assessing surgical resectability 
and is prioritized in the 2022 Korean Liver Cancer Association-
National Cancer Center HCC Practice Guidelines.

The American Joint Committee on Cancer (AJCC)/Interna
tional Union Against Cancer (UICC) staging system, based 
on the TNM framework, offers a detailed analysis of tumor 
invasion and metastasis, aiding in the prediction of long-
term outcomes [67,68]. The Barcelona Clinic Liver Cancer 
(BCLC) staging system integrates liver function and tumor 
characteristics to recommend tailored treatments, including 
surgical, locoregional, and systemic therapies [69-71]. Together, 
these systems complement the mUICC system, enabling a 
comprehensive assessment for precise treatment planning and 
personalized care.

[Recommendations]
ㆍ�The mUICC staging system is primarily used to guide 

treatment decisions for HCC, with the BCLC and AJCC/
UICC staging systems as complementary tools when 
necessary to develop more precise treatment strategies. 
(Level of evidence 3)

FUNDAMENTAL PRINCIPLES OF 
HEPATECTOMY

Optimal surgical margins for hepatocellular 
carcinoma treatment
Approximately 70% of early recurrences following hepatic 

resection for HCC are attributed to microscopic residual disease 
[72-74]. To reduce this risk, wider surgical margins may be 
effective; however, excessively wide margins can result in 
inadequate liver parenchyma, significantly increasing the risk of 
postoperative liver failure [75,76]. Therefore, balancing surgical 
safety with oncologic efficacy is essential, although the optimal 
surgical margin for HCC remains a topic of ongoing debate [77-
79].

Survey findings indicated that appropriate surgical margins 
should be determined based on the patient’s liver function and 
tumor characteristics. For patients with normal liver function, 
41.2% of respondents “strongly agreed” and 58.8% “agreed” 
that a margin of ≥1 cm is necessary to minimize recurrence 
risk. In cases with biologically aggressive tumors, such as those 
involving microvascular invasion, 23.5% “strongly agreed” and 
76.5% “agreed” that wider margins positively affected long-
term survival outcomes. In contrast, for patients with impaired 
liver function, 11.8% “strongly agreed” and 88.2% “agreed” 
that narrow surgical margins were an acceptable therapeutic 
strategy. None of the respondents disagreed with any survey 
statements, indicating a strong overall consensus.

In conclusion, findings suggest that achieving surgical 
margins of ≥1 cm is advisable for patients with HCC with 
normal liver function to minimize recurrence risk. For tumors 
with microvascular invasion, wider margins may contribute to 
improved long-term survival. Conversely, narrow margins are 
a feasible and acceptable option in patients with compromised 
liver function.

[Recommendations]
ㆍ�The surgical strategy for patients with HCC should aim 

to achieve a resection margin of ≥1 cm to reduce the risk 
of recurrence, especially in patients with normal liver 
function. (Level of evidence 2)
ㆍ�A wide resection margin positively affects the long-term 

survival of patients with HCC who exhibit biological 
aggressiveness, such as microvascular invasion. (Level of 
evidence 3)
ㆍ�Narrow free-margin resection is an acceptable therapeutic 

strategy for patients with compromised liver function. 
(Level of evidence 3)

Technical strategies to prevent recurrence in 
hepatocellular carcinoma treatment
The 2 key surgical strategies for reducing recurrence and 



 Annals of Surgical Treatment and Research 129

improving long-term outcomes in HCC management are 
the anterior approach and anatomical resection (AR). Both 
techniques address the need to reduce the risk of postoperative 
recurrence, and the anterior approach involves delaying liver 
mobilization until vascular inflow is controlled, completing 
parenchymal transection, and controlling vascular outflow 
[80]. By securing vascular inflow and outflow before liver 
mobilization, this approach helps prevent the potential spread 
or dissemination of cancer cells through the blood or lymphatic 
vessels during mobilization [81-85].

AR entails the removal of the tumor-containing liver segment 
or subsegment along with its associated portal vein, hepatic 
artery, and biliary drainage. This approach is particularly 
effective for removing satellite lesions and infiltrating vessels, 
reducing recurrence rates, and improving overall survival. 
Additionally, AR is well-suited for eradicating microscopic 
metastases surrounding the tumor and aligns with the 
principles of radical resection [86,87].

In the survey regarding whether the anterior approach 
offers better survival rates compared to traditional methods, 
11.8% of respondents “strongly agreed,” 52.9% “agreed,” and 
35.3% selected “neither agree nor disagree.” While the majority 
expressed agreement, a substantial proportion of neutral 
responses (35.3%) highlighted a lack of strong consensus on this 
viewpoint.

In contrast, there is overwhelming support for AR with wide 
margins as a priority for HCC treatment. Among respondents, 
23.5% “strongly agreed,” 70.6% “agreed,” and 5.9% were neutral. 
None of the participants disagreed (“disagree” or “strongly 
disagree”), suggesting that this AR is widely accepted as a 
reliable treatment for HCC.

In conclusion, the evidence strongly suggests that AR with 
wide margins should be prioritized when feasible as it reduces 
the risk of recurrence and improves the long-term survival of 
patients with HCC. Therefore, AR is strongly recommended as 
the preferred surgical strategy.

[Recommendations]
ㆍ�AR with a wide margin should be considered as the 

preferred surgical option for patients with HCC when 
feasible. (Level of evidence 2)

Recommendations for maintaining low central 
venous pressure during hepatectomy
Hepatectomy has become a cornerstone of the surgical 

treatment of liver cancer and other hepatic diseases. Advances 
in surgical techniques and perioperative management have 
significantly reduced the morbidity and mortality rates 
following hepatectomy. However, intraoperative bleeding 
remains a critical factor in determining surgical outcomes and 
patient prognoses. Numerous past studies have established 

a strong association between intraoperative blood loss 
and increased postoperative complications and mortality, 
underscoring the importance of effective bleeding control for 
successful hepatectomy [88,89].

The Pringle maneuver is one of the most widely used 
methods for controlling intraoperative bleeding [90]. This 
method effectively reduces blood flow to the liver parenchyma 
by occluding hepatic inflow [91-93]. Although effective, this 
technique has limitations, including the potential to induce 
ischemia-reperfusion injury and adversely affect liver function 
[92]. Moreover, bleeding from the hepatic veins may persist 
even after occlusion of hepatic inflow, and effective control of 
hepatic vein bleeding remains a significant challenge during 
surgery.

Maintaining low central venous pressure (CVP) during 
hepatectomy is a critical strategy for bleeding management [94]. 
By reducing the CVP, this approach suppresses hepatic venous 
bleeding, minimizes blood loss, and improves surgical visibility 
[95,96]. In a survey on the efficacy of maintaining a low CVP in 
reducing bleeding and improving surgical visibility, 23.5% of the 
respondents “strongly agreed,” while 35.3% “agreed,” showing a 
generally positive response. However, 35.3% of the respondents 
selected “neither agree nor disagree,” indicating a limited 
overall consensus. This lack of strong agreement suggests that 
while low-CVP management may be beneficial for bleeding 
control, clinical evidence supporting its routine application 
remains insufficient.

Additionally, regarding the statement that maintaining a 
low CVP often requires pharmacological interventions or fluid 
management, which must be tailored to the patient’s individual 
cardiovascular status, 17.6% of respondents “strongly agreed” 
and 41.2% “agreed,” but 35.3% expressed neutrality. These 
mixed responses reflect the absence of widespread consensus 
among clinicians on this matter.

Therefore, the use of low-CVP strategies during hepatectomy 
should be carefully evaluated. This requires a personalized 
approach that considers the patient’s overall health, liver 
function, and cardiovascular status. Thus, further research and 
robust clinical data are essential to elucidate the efficacy and 
safety of maintaining a low CVP during liver resection, and 
standardized guidelines must be established for its use in the 
resection of liver cancer.

Recommendations for anatomical resection and 
nonanatomical resection (Fig. 2) [97]
The ideal liver resection aims to achieve curative tumor 

removal while preserving liver function. AR involves removing 
the liver segment containing the tumor along with its 
corresponding blood supply and biliary drainage structures [97]. 
This approach effectively eliminates satellite lesions and the 
infiltrated vasculature, thereby reducing recurrence rates and 
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improving overall survival [86,87]. However, a wide extent of 
resection may increase the risk of posthepatectomy liver failure 
in patients with compromised liver function [76].

In contrast, non-AR (NAR), also referred to as parenchyma-
sparing liver resection, focuses on preserving liver function by 
minimizing the amount of liver tissue removed. This method is 
often suitable for patients with impaired liver function and can 
be used when functional preservation is crucial. However, this 
carries the risk of leaving microscopic tumor cells around the 
resection margin, which may increase the risk of recurrence. 
Therefore, careful case selection and application are essential.

Survey results indicate that 94.1% of respondents agreed 
(5.9% “strongly agree,” 88.2% “agree”) that AR is superior to 
NAR in improving disease-free and overall survival. These 
findings highlight the clinical advantages of AR. Conversely, 
88.3% of respondents stated that AR and NAR showed similar 
perioperative morbidity and mortality rates, suggesting that 
both approaches are comparable in terms of safety. Finally, in 
cases of limited liver reserve, 94.1% of respondents agreed (23.5% 
“strongly agree,” 70.6% “agree”) that NAR is a viable alternative 
to AR, underlining its utility in scenarios where preserving liver 
function is paramount.

In conclusion, AR is the preferred approach for improving 
disease-free and overall survival in patients with HCC. AR 
and NAR demonstrated comparable safety profiles in terms 
of perioperative morbidity and mortality rates. In addition, in 
patients with limited liver function, NAR may be an appropriate 
alternative to AR.

[Recommendations]
ㆍ�AR offers advantages in terms of disease-free and overall 

survival for patients undergoing HCC resection when 
compared with NAR. (Level of evidence 2)
ㆍ�The perioperative outcomes of the patients who underwent 

AR and NAR were comparable, with similar morbidity and 
mortality rates. (Level of evidence 2)

ㆍ�NAR can be considered as an alternative to AR in patients 
with limited liver reserve function. (Level of evidence 2)

Recommendations for methods to increase 
functional residual liver volume
Insufficient functional residual liver volume (FRLV) is a major 

contributor to posthepatectomy liver failure and increased 
mortality, often posing a significant barrier to performing 
extensive liver resections. To address this challenge, various 
strategies have been developed to safely increase the FRLV 
and improve surgical outcomes. Traditionally, portal vein 
embolization (PVE) has been widely utilized; however, more 
recently [98-102], associating liver partitioning and portal vein 
ligation for staged hepatectomy (ALPPS) has emerged as a 
promising alternative [103,104].

A study based on the international ALPPS registry data and 
growing surgical expertise demonstrated improved short-
term outcomes using this approach. Inter-stage morbidity rates 
declined from 10% to 3%, and 90-day mortality rates decreased 
from 17% to 4% [105]. These findings suggest that ALPPS has 
significant potential as an effective and robust method for 
enhancing FRLV.

The survey responses showed strong support for PVE as 
a reliable method for improving functional FRLV without 
adversely affecting oncological outcomes, even in patients 
initially deemed unresectable. A majority of respondents (5.9% 
“strongly agree,” 82.4% “agree”) endorsed its effectiveness and 
safety, and only 5.9% provided neutral responses (“neither agree 
nor disagree”), with no negative responses. This suggests that 
PVE is a critical and reliable technique for enhancing the safety 
of liver resection.

For ALPPS, 5.9% of respondents “strongly agreed,” and 64.7% 
“agreed” that it could serve as an alternative to PVE. However, 
concerns remain regarding its superiority in terms of oncologic 
outcomes and FRLV augmentation, as reflected by 23.5% of the 
respondents who were neutral on the matter. This highlights 
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Fig. 2. Rationale of anatomical 
liver resection. HCC, hepato­
cellular carcinoma; T, tumor.
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the need for careful patient selection and consideration of 
the timing and context in which ALPPS is applied, because its 
efficacy may be limited to specific patient populations.

In summary, PVE is recommended as a safe and reliable 
approach to significantly increase resectability by effectively 
increasing the FRLV without adversely affecting oncological 
outcomes in patients initially deemed ineligible for 
hepatectomy because of insufficient liver reserve. On the other 
hand, although ALPPS may be a viable alternative to PVE, there 
is ongoing debate over its oncologic efficacy and effectiveness 
in augmenting FRLV. Thus, decisions to utilize ALPPS should 
be made judiciously, considering patient-specific factors and 
overall surgical objectives.

[Recommendations]
ㆍ�PVE increases the resectability of initially unresectable HCC 

owing to inadequate FRLV without having a deleterious 
oncological effect in patients with HCC. (Level of evidence 3)
ㆍ�ALPPS can be an alternative to PVE; however, it is still 

controversial regarding its superiority, both in terms of 
oncological outcomes and the effect of hypertrophy on 
FRLV. (Level of evidence 3)

Indications for minimally invasive liver resection
Minimally invasive liver resection (MILR) is recommended 

for patients with solitary HCC with preserved liver function 
(Child-Pugh Class A or B) and sufficient future liver remnants, 
provided that there is no evidence of major vascular invasion 
[7,9]. While liver cirrhosis can increase mortality and 
complication rates in open liver surgery [106], past studies 
have shown that laparoscopic liver resection (LLR) is a safe 
and effective alternative in patients with cirrhosis, offering 
reduced complications and shorter hospital stays compared 
to open surgery [107,108]. Minimally invasive techniques 
include laparoscopic and robotic liver resection (RLR). Unlike 
conventional open surgery, these approaches have technical 
limitations that may result in varying indications depending on 
the tumor location and extent of resection.

Recommendations for minimally invasive liver resection 
based on tumor location (Fig. 3) [109]

Anterolateral segment (segments 2, 3, 4b, 5, 6)
The anterolateral segment was relatively accessible for LLR. 

Early studies demonstrated the safety of laparoscopic and 
robotic minor hepatectomies for lesions in this area, with 
advantages such as reduced complications, shorter hospital 
stays, and equivalent oncological outcomes when compared to 
open surgery. MILR is recommended for minor hepatectomies 
of HCC located in the anterolateral segment [110].

Posterosuperior segment (segments 1, 4a, 7, 8)
Accessing the posterosuperior segment laparoscopically 

is anatomically challenging. Although initially considered 
difficult, recent reports suggest that in appropriately selected 
patients, LLR in the posterosuperior segment, which is 
associated with longer operative times, higher blood loss, 
and increased rates of conversion to open surgery, does 
not compromise resection margins or long-term oncologic 
outcomes. Experienced surgeons should perform MILR in this 
area after careful patient selection [111-113].

Tumors in proximity to major blood vessels
Tumors located near major vessels (e.g., portal and hepatic 

veins) present an increased risk of bleeding and surgical 
difficulty. These patients require high surgical expertise 
[114,115]. While open surgery is typically recommended 
for cases involving thrombectomy, vascular resection, or 
reconstruction, as well as for tumors with complex anatomy, 
minimally invasive techniques can be safely and effectively 
performed in carefully selected patients. Expert surgical skills 
are essential to achieve optimal outcomes.

[Recommendations]
ㆍ�MILR is recommended for minor liver resection of HCC in 

anterolateral segments that are relatively accessible. (Level 
of evidence 3)
ㆍ�For HCC in posterosuperior segments, which is challenging 

owing to difficult exposure and resection, surgery should 
be performed by experienced surgeons with careful patient 
selection. (Level of evidence 3)
ㆍ�An expert surgeon should perform MILR for HCC in 

proximity to major blood vessels. (Level of evidence 3)
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Recommendations for minimally invasive liver resection 
based on tumor size

Liver resection is recommended for solitary HCC when 
sufficient future liver remnants are preserved. Studies have 
shown that for HCCs >5 cm, LLR offers benefits such as 
shorter hospital stays and reduced postoperative complications 
compared to open surgery, with no significant differences in 
long-term oncologic outcomes despite longer operative times 
[116-119]. In cases of very large HCCs (>10 cm), technical 
complexity and conversion rates to open surgery are higher. 
However, with skilled surgeons, LLR has been reported to be 
safe [120,121]. Thus, MILR may be considered for HCCs >5 
cm in appropriately selected patients. For tumors >10 cm in 
size, open surgery is recommended because of its increased 
complexity and technical difficulty, and MILR should only be 
performed by experienced surgeons.

However, randomized controlled trials supporting the safety 
of MILR for large HCCs are lacking, highlighting the need for 
further high-quality studies.

[Recommendations]
ㆍ�MILR can be performed for HCCs >5 cm in appropriately 

selected patients. (Level of evidence 3)
ㆍ�For HCCs measuring >10 cm, MILR is recommended only 

for carefully selected patients and should be performed by 
expert surgeons. (Level of evidence 3)

Recommendations for minimally invasive liver resection 
based on the extent of liver resection

Major hepatectomy has been defined as the resection of 3 or 
more liver segments according to the Couinaud classification. 
This procedure is technically demanding and is typically 
performed in HCC with large tumors, multiple lesions, or in 
proximity to major vessels.

When compared with open surgery, laparoscopic major 
hepatectomy has been associated with longer operative times 
but offers advantages such as significantly reduced blood loss 
and shorter hospital stays. Open surgery may still be preferable 
for cases involving complex anatomical structures as it allows 
for faster resection [113]. However, laparoscopic procedures 
may have higher conversion rates to open surgery in patients 
with severe cirrhosis or tumors near the major vessels [114,122]. 
Oncological outcomes, including long-term survival and R0 
resection rates, were comparable between the laparoscopic and 
open approaches [123]. For patients with HCC requiring major 
hepatectomy, MILR can be considered by experienced surgeons, 
provided that patient selection criteria account for factors such 
as proximity to major vessels and anatomical complexity.

[Recommendations]
ㆍ�Major hepatectomy for HCC should be performed by expert 

surgeons with careful consideration of the proximity to 
major vessels and the anatomical complexity. (Level of 
evidence 3)

Recommendations for robotic liver resection
While both laparoscopic and robotic approaches are used in 

MILR, laparoscopic surgery was initially more widely adopted 
in Korea owing to cost and insurance considerations. RLR has 
recently gained popularity. Comparative studies have shown 
that robotic surgery is associated with less blood loss, fewer 
major complications, reduced conversion rates to open surgery, 
and shorter hospital stays, making it particularly suitable for 
technically complex cases [124]. Despite these advantages, 
robotic surgery has limitations, including longer operative 
times depending on the surgeon’s experience and higher costs 
[125-127]. Robotic systems are especially beneficial for complex 
cases such as lesions in the posterosuperior segments or near 
major vessels [124,125,128]. Owing to improved dexterity (7 
degrees of freedom, EndoWrist function [Intuitive Surgical]), 
high-resolution 3D visualization, and reduced tremors. 
These advantages improve surgical precision and safety, 
even in challenging procedures requiring vascular or biliary 
reconstruction [129-132].

[Recommendations]
ㆍ�RLR is recommended for complex cases involving vascular 

or biliary reconstruction or tumors in the posterosuperior 
segments, and should be performed by expert surgeons. 
(Level of evidence 4)
ㆍ�The high cost of robotic surgery should be considered and 

patient preferences should be factored into the decision-
making process. (Level of evidence 5)
ㆍ�Because of the potential for longer operative times, robotic 

surgery should be initially applied to less complex cases to 
allow for skill development. (Level of evidence 3)

Minimally invasive hepatic resection using the 
surgical difficulty score
The difficulty scoring system (DSS) is a scoring system for 

systematically evaluating the difficulty of minimally invasive 
hepatic resection and is known to be helpful in establishing an 
appropriate surgical strategy that suits the surgeon’s experience 
level and complexity of the patient’s lesion. There are various 
DSS systems, and each evaluates the difficulty of minimally 
invasive hepatic resection using different criteria. The first DSS 
was the Ban DSS [133], in which the main variables were the 
extent of resection, tumor location, tumor size, liver function, 
and proximity to major blood vessels, which became the 
basis for other DSSs. Iwate DSS [134] is a modified DSS based 
on the Ban DSS, and hand-assisted laparoscopic surgery and 
hybrid surgery were included as factors that lowered difficulty. 
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Subsequently, depending on the purpose of evaluating the 
difficulty of the surgery, the Hasegawa DSS [135] is a scoring 
system designed to predict the operation time using the extent 
of resection, tumor location, obesity, and platelet count as the 
main variables. The Institut Mutualiste Montsouris (IMM) DSS 
[136] was introduced as a system to evaluate the correlation 
with the major complication rate using the operation time, 
amount of blood loss, and conversion to laparotomy as the 
main variables. The Southampton DSS [137], which focused on 
predicting intraoperative complications, evaluated the difficulty 
of using neoadjuvant chemotherapy, lesion type and size, and a 
history of previous hepatic resection as the main variables. The 
Ban DSS and Iwate DSS are the most widely verified systems 
for DSS validity, and they can predict various outcomes such as 
operation time, amount of blood loss, complications, and length 
of hospital stay. The IMM DSS and Hasegawa DSS were mainly 
verified for laparoscopic hepatic resection; however, some were 
also proven to be valid for robotic hepatic resection [138]. Recent 
studies have evaluated the difficulty of robotic hepatectomy 
and a prediction system is being developed that considers 
surgical time, blood loss, and complications as indicators of 
surgical complexity. However, further studies of its validity and 
reproducibility are required [139,140].

Meanwhile, in the questionnaire responses to the validity 
of the DSS, there was some controversy regarding the 
application of the DSS, and >50% responded “neither agree 
nor disagree,” thus indicating a cautious stance. This suggests 
that DSS may have limited effectiveness in minimally invasive 
hepatic resection, and careful consideration is needed for its 
appropriate application.

The DSS is useful for systematically evaluating the difficulty 
of minimally invasive hepatectomy and can contribute to 
establishing surgical plans and improving patient safety. 
However, further studies are needed to expand the applicability 
of DSS to robotic hepatectomy and specific patient groups, and 
to consider standardized recommendations.

PERIOPERATIVE MANAGEMENT OF 
HEPATIC RESECTION

Hepatectomy in patients with morbid obesity
The increasing prevalence of morbid obesity worldwide has 

significant implications for surgical practices, including liver 
resection [141]. Morbid obesity complicates patient management 
by increasing the risk of complications both perioperatively 
and in the postoperative period [142-144]. Hepatic steatosis, 
a common finding in patients with obesity, can impair liver 
function and complicate surgical outcomes [145,146]. Additionally, 
obesity-related complications, such as diabetes mellitus or 
cardiovascular disease (CVD), may affect overall surgical risk 
and recovery [147]. Factors to consider when deciding on surgical 

intervention for an obese patient include the potential for 
changes in anatomical landmarks [148], which may increase the 
technical difficulty during surgery, and the risk of obesity-related 
respiratory compromise, which may complicate anesthetic 
management and postoperative recovery [149]. Furthermore, the 
psychosocial aspects of morbid obesity, including compliance 
with postoperative care and rehabilitation, should be assessed. 
Therefore, the decision to perform hepatectomy in morbidly 
obese patients requires a thorough evaluation of both surgical 
feasibility and patient safety.

[Recommendations]
ㆍ�Hepatectomy can be considered for patients with morbid 

obesity; however, careful patient selection is required. The 
decision should be based on a comprehensive evaluation of 
the patient’s liver function, extent of hepatic steatosis, and 
presence of comorbidities such as diabetes mellitus and 
CVD. (Level of evidence 3)
ㆍ�Postoperative care should include multidisciplinary 

management focusing on nutrition, metabolic control, and 
the monitoring of potential complications associated with 
morbid obesity, such as wound healing and infection. (Level 
of evidence 3)

Hepatectomy in older patients (age >75 years)
As the global population ages, the number of older patients 

requiring surgical interventions, including liver resection, 
increases [150]. Although older age is often associated with 
physiological changes that may increase the risk of surgical 
complications and recovery [151], recent evidence suggests 
that liver surgery can be safely performed in carefully selected 
patients over the age of 75 years with good outcomes [152-154]. 
Improved surgical techniques, anesthesia, and perioperative 
care, including the appropriate application of Enhanced 
Recovery After Surgery (ERAS) protocols, have significantly 
enhanced outcomes in this population [155,156].

Key factors to consider when evaluating an older patient for 
hepatectomy include the overall functional status, presence of 
comorbidities, and extent of liver disease [157]. Geriatric-specific 
assessment tools such as frailty indices, gait speed tests, and 
cognitive function evaluations can provide valuable insights 
into the physiological reserve of a patient and help identify 
appropriate candidates for surgery [158-160]. These tools 
enable a more precise assessment of the risks and benefits of 
hepatectomy in older patients, ensuring that surgical decisions 
are evidence-based and individualized.

[Recommendations]
ㆍ�Hepatectomy can be considered in older patients over 75 

years of age if they have a good overall functional status 
and preserved liver function. The decision should be 
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individualized, considering the comorbidities, extent of 
hepatic disease, and patient performance status. (Level of 
evidence 3)
ㆍ�Preoperative assessments, including geriatric evaluations 

and risk stratification for surgery, should be thorough. 
Special attention should be paid to cardiovascular and 
pulmonary evaluations. (Level of evidence 3)
ㆍ�ERAS protocols and postoperative care tailored to the older 

population are recommended to minimize complications 
and improve outcomes. (Level of evidence 3)

Hepatectomy in patients with severe cardiovascular 
disease
Patients with severe CVD face significant challenges when 

considering major surgical interventions such as hepatectomy. 
Cardiovascular complications are major causes of perioperative 
morbidity and mortality, particularly in procedures requiring 
extensive resection or prolonged operative times [161]. The 
physiological stress of hepatic resection may worsen the 
underlying CVD, including significant hemodynamic changes 
and potential blood loss, increasing the risk of adverse events 
such as myocardial infarction, arrhythmia, or heart failure [162].

Careful patient selection with a thorough preoperative 
assessment of cardiovascular function and individual risk-benefit 
analysis is essential. Multidisciplinary collaboration involving 
surgeons, cardiologists, anesthesiologists, and critical care 
physicians is important to determine whether surgery is a viable 
option. Nonsurgical treatment should be preferred in patients 
at significant cardiovascular risk unless the potential survival 
benefits of hepatectomy outweigh the risks [163,164]. For patients 
undergoing surgery, meticulous perioperative planning and 
management are required to optimize cardiovascular stability 
and ensure the best possible outcomes [165].

[Recommendations]
ㆍ�Hepatectomy should be performed with caution in 

patients with severe CVD. These patients require 
thorough preoperative cardiovascular evaluation and risk 
stratification. The decision to proceed with surgery should 
involve a multidisciplinary team, including a cardiologist, 
to assess the risks and benefits. (Level of evidence 3)
ㆍ�Nonsurgical treatments should be considered as first-line 

options for patients with significant cardiovascular risk 
unless hepatectomy offers a clear survival benefit and the 
cardiovascular condition is optimally managed. (Level of 
evidence 3)
ㆍ�If hepatectomy is deemed necessary, perioperative 

management should focus on optimizing cardiovascular 
function with intensive monitoring during and after the 
procedure to minimize the risk of cardiac complications. 
(Level of evidence 3)

Hepatectomy in patients with chronic kidney 
disease or end-stage renal disease
Chronic kidney disease (CKD) and end-stage renal disease 

(ESRD) pose significant challenges for patients undergoing 
major surgeries including liver resection. These conditions 
increase the risk of perioperative complications including fluid 
overload, electrolyte imbalance, and acute kidney injury, which 
may negatively affect surgical outcomes [166]. Additionally, 
patients with ESRD have complex comorbidities, including CVD 
and changes in drug metabolism, which further complicate 
perioperative management [167].

When considering hepatic resection in patients with CKD or 
ESRD, it is essential to perform a comprehensive assessment 
of renal function and evaluate the potential risks and benefits 
of the procedure [168]. Collaboration with a multidisciplinary 
team, including nephrologists, is important to optimize patient 
care. Particular attention should be paid to perioperative 
management strategies that minimize renal stress, including 
ensuring adequate renal perfusion, avoiding nephrotoxic agents, 
and tailoring fluid and electrolyte management according to 
individual patient needs.

For patients undergoing dialysis, close coordination of 
the surgical timing and dialysis sessions is vital to avoid 
complications related to fluid shifts or uremia [169]. In this 
population, hepatectomy should be performed only when 
there is a clear survival benefit and nonsurgical options are 
not feasible [170]. Decision-making should also consider the 
patient’s overall prognosis and potential improvement in 
quality of life following surgery.

[Recommendations]
ㆍ�Hepatectomy should be considered with caution in patients 

with CKD or ESRD should be considered with caution. 
Preoperative evaluations should include a thorough 
assessment of renal function, and the potential impact of 
surgery on kidney health should be carefully evaluated. 
Multidisciplinary consultation with a nephrologist is 
strongly recommended. (Level of evidence 3)
ㆍ�Perioperative management strategies should focus on 

maintaining adequate renal perfusion and minimizing 
exposure to nephrotoxins. In patients undergoing 
dialysis, scheduling dialysis sessions and adjusting fluid 
management are crucial for avoiding complications. (Level 
of evidence 3)
ㆍ�In patients with ESRD, hepatectomy should be reserved 

for cases in which it offers a significant survival benefit 
and nonsurgical alternatives are not viable. The overall 
prognosis and potential improvements in quality of 
life should guide the decision-making process. (Level of 
evidence 3)
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SURVEILLANCE FOLLOWING CURATIVE 
RESECTION FOR HEPATOCELLULAR 
CARCINOMA

Surveillance is crucial for patients who have undergone 
curative liver resection for HCC because of their high risk of 
recurrence. HCC is one of the leading causes of cancer-related 
deaths worldwide, with 5-year survival rates varying between 
19% and 81% depending on early detection and treatment 
[171,172].

Following surgical resection, the risk of recurrence is 
significant, ranging from 50% to 70% within 5 years after 
surgery, with the highest risk occurring in the first year [173,174].

After resection, recurrences are typically localized in the 
liver, whereas recurrences following liver transplantation tend 
to be extrahepatic. Early detection of recurrence is essential 
to improve survival rates, as it allows for timely therapeutic 
intervention. However, there is no clear consensus regarding 
the optimal surveillance interval and modality after liver 
resection.

Most guidelines recommend a combination of biochemical 
markers and imaging modalities for effective surveillance. 
Commonly used strategies include serum α-FP testing and 
imaging studies, such as ultrasonography, CT, or MRI every 3–4 
months during the first 3 years after surgery [171].

The American Association for the Study of Liver Diseases 
(AASLD) recommends regular imaging and serum α-FP testing 
every 3–6 months for the first 2 years after surgery to detect 
recurrence early, which is vital for improving patient outcomes 
[175]. Given the higher risk of HCC (older age, male sex, degree 
of liver dysfunction, tumor size, number, grade/differentiation, 
microvascular and macrovascular invasion, presence of satellite 
lesions, and α-FP level) compared with individuals without 
prior HCC, patients should undergo surveillance with cross-
sectional imaging of the abdomen and chest plus serum 
α-FP every 3–6 months. Although the AASLD recommends 
indefinite surveillance, the current evidence does not support 
the survival benefit of more frequent surveillance [175].

Similarly, the European Association for the Study of the Liver 
(EASL) advocates a risk-based approach, emphasizing the use of 
ultrasonography, CT, or MRI combined with α-FP testing every 
3–6 months during the initial 2 years to reduce mortality and 
enhance cost-effectiveness in HCC management. The EASL 
highlights follow-up intervals of 3–4 months in the first year as 
practical [176].

The interval of cancer surveillance should consider tumor 
doubling time, stage migration, cost-effectiveness, and impact 
on patient survival. Although the optimal surveillance intervals 
are unclear, most regional guidelines recommend intervals of 
3–12 months [177-179]. Based on these guidelines and recent 
studies, monitoring every 3–6 months using imaging and α-FP 

testing in the first 2 years after postresection ensures early 
detection and timely intervention, which are crucial for better 
patient outcomes.

Surveillance modalities
Imaging modalities play a pivotal role in surveillance 

because of their ability to detect recurrence at an early, 
treatable stage. Among the most effective imaging techniques 
for postoperative surveillance are multiphase CT and MRI, 
given their high sensitivity and specificity in detecting HCC 
recurrence [180]. These are complemented by ultrasonography, 
which is less costly and also more readily available, although it 
is generally less sensitive than CT or MRI for early-stage HCC. 
Advancements made in imaging technologies, such as diffusion-
weighted imaging, gadoxetic acid-enhanced MRI, and contrast-
enhanced ultrasound, have significantly improved the early 
detection of recurrent HCC after liver resection [181,182]. MRI 
provides excellent soft tissue contrast, while multidetector CT 
provides high-resolution images and faster acquisition times. 
These innovations collectively enhance the sensitivity and 
specificity for detecting HCC recurrence, allowing for a more 
accurate assessment of liver tissues and better identification of 
subclinical lesions.

Current guidelines recommend using CT and MRI for 
surveillance postresection to spot residual disease or 
recurrence. Although ultrasound is useful for initial screening 
owing to its noninvasive nature and accessibility, CT and MRI 
are preferred because of their higher sensitivity and specificity 
in detecting HCC recurrence. Structured follow-up programs 
using these methods can significantly enhance early detection 
and management, potentially improving long-term survival 
outcomes [180,183-187].

[Recommendations]
ㆍ�Routine postoperative surveillance should be performed 

to detect recurrence using contrast-enhanced multiphasic 
CT or MRI every 3–6 months in all patients with HCC after 
liver resection. (Level of evidence 3)

ASSESSMENT OF LONG-TERM OUTCOMES 
AND SURVIVAL POSTSURGERY FOR 
HEPATOCELLULAR CARCINOMA

Long-term outcomes and survival following surgery for 
HCC are best evaluated using recurrence-free survival (RFS) 
and overall survival metrics to provide a comprehensive 
understanding of patient prognosis. The Kaplan-Meier survival 
analyses estimate survival probabilities over time, whereas 
Cox proportional hazards models help identify the prognostic 
factors that influence these outcomes [188,189].

Stratifying patients based on recurrence risk and distingui
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shing between early (within 2 years) and late recurrence allows 
for personalized follow-up strategies. Studies have indicated 
that remnant liver function after hepatectomy is significantly 
associated with survival outcomes, with a lower hepatic 
clearance correlating with shorter overall survival and RFS. 
Tumor characteristics, such as size, number, microvascular 
invasion, and elevated α-FP levels, critically determine survival 
after resection. High-risk factors correlate with increased 
recurrence and reduced survival rates. Recurrence is common 
after hepatectomy, with most cases occurring within the first 
2 years of surgery. Understanding the timing and patterns 
of recurrence is vital for implementing effective surveillance 
and treatment strategies. Advances in surgical techniques and 
improved patient selection criteria have improved survival 
rates, underscoring the need for continuous evaluation and 
adaptation of treatment protocols [190-192].

[Recommendations]
ㆍ�Long-term outcomes and survival were best assessed by 

combining RFS and overall survival metrics. The Kaplan-
Meier survival analyses supplemented by Cox proportional 
hazards models can help identify prognostic factors that 
influence outcomes. Stratification based on recurrence risk, 
such as early (within 2 years) versus late recurrence, allows 
for personalized follow-up. (Level of evidence 3)
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