
897Current Medical Science  43(5):2023
Current Medical Science
DOI https://doi.org/10.1007/s11596-023-2761-2

43(5):897-907,2023

Jin GU, E-mail: jingu@zju.edu.cn; Bin-yong LIANG, 
E-mail: byliang-tjh@hotmail.com
†These authors contributed equally to this work. 
#Corresponding author, E-mail: huangzy@tjh.tjmu.edu.cn
*This work was supported by the Hubei Provincial Special 
Grants for Scientific and Technical Innovation (No. 
2021BCA115).

Scientific Hepatectomy for Hepatocellular Carcinoma*

Jin GU1, 2†, Bin-yong LIANG1†, Er-lei ZHANG1, Zun-yi ZHANG1, Xiao-ping CHEN1, Zhi-yong HUANG1#

1Hepatic Surgery Center, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 
430030, China
2Department of Hepatobiliary and Pancreatic Surgery, the Second Affiliated Hospital, School of Medicine, Zhejiang University, 
Hangzhou 310009, China

 The Author(s) 2023

[Abstract] With advances in imaging technology and surgical instruments, hepatectomy can be 
perfectly performed with technical precision for hepatocellular carcinoma (HCC). However, the 
5-year tumor recurrence rates remain greater than 70%. Thus, the strategy for hepatectomy needs 
to be reappraised based on insights of scientific advances. Scientific evidence has suggested that 
the main causes of recurrence after hepatectomy for HCC are mainly related to underlying cirrhosis 
and the vascular spread of tumor cells that basically cannot be eradicated by hepatectomy. Liver 
transplantation and systemic therapy could be the solution to prevent postoperative recurrence 
in this regard. Therefore, determining the severity of liver cirrhosis for choosing the appropriate 
surgical modality, such as liver transplantation or hepatectomy, for HCC and integrating newly 
emerging immune-related adjuvant and/or neoadjuvant therapy into the strategy of hepatectomy 
for HCC have become new aspects of exploration to optimize the strategy of hepatectomy. In this 
new area, hepatectomy for HCC has evolved from a pure technical concept emphasizing anatomic 
resection into a scientific concept embracing technical considerations and scientific advances in 
underlying liver cirrhosis, vascular invasion, and systemic therapy. By introducing the concept 
of scientific hepatectomy, the indications, timing, and surgical techniques of hepatectomy will be 
further scientifically optimized for individual patients, and recurrence rates will be decreased and 
long-term survival will be further prolonged.
Key words: hepatocellular carcinoma; scientific hepatectomy; liver cirrhosis; vascular invasion; 
immunotherapy

Hepatocellular carcinoma (HCC) is one of the 
most common malignancies and ranks as the fourth 
leading cause of cancer-related death in the world[1]. 
Curative treatment for HCC includes hepatectomy, 
liver transplantation, and local ablation. Since liver 
transplantation can eliminate both tumors and the 
cirrhotic liver, it has been considered the best option 
for patients with both cirrhosis and early-stage HCC. 
However, liver transplantation is unlikely to be 
recommended for all HCC patients due to late stages 
of disease, high costs, and lack of donors. Ablation is 
largely limited by both the tumor size and location[2]. 
Therefore, hepatectomy remains the mainstay of 
curative treatment for HCC. However, there is a long-
lasting debate on hepatectomy approaches between 

anatomic resection (AR) and nonanatomic resection 
(NAR) or parenchyma-preserving hepatectomy. 
Because most HCC patients have varying degrees 
of cirrhosis, NAR or parenchyma-preserving he-
patectomy is commonly performed in cirrhotic patients 
to ensure the safety of hepatectomy. However, NAR 
or parenchyma-preserving hepatectomy has not been 
officially recognized as a standard procedure for HCC 
because no official nomenclature for this procedure 
has been available. As a scientific definition of the 
severity of cirrhosis is lacking in current surgical 
practice, the choice of hepatectomy approaches, either 
AR or parenchyma-preserving hepatectomy, is made 
solely based on the surgeon’s personal judgment of 
the severity of cirrhosis, which inevitably causes 
much puzzlement and misunderstanding regarding 
surgical outcomes resulting from the different cirrhotic 
backgrounds and hepatectomy approaches. Therefore, 
scientifically staging the cirrhotic severity in the liver 
could help to clarify the confusion regarding when AR 
or parenchyma-preserving hepatectomy is indicated.

Significant improvements from technical pers-
pectives have been witnessed in recent years; however, 
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long-term survival after hepatectomy has still not been 
significantly improved, with 5-year recurrence rates 
greater than 70%[3–5]. Scientific studies have suggested 
that HCC recurrence after hepatectomy is correlated 
with two leading causes: multicentric occurrence (MO) 
and intrahepatic metastasis (IM). MO is primarily 
associated with chronic hepatitis B or C virus-related 
cirrhosis, whereas IM is associated with tumor cell 
spread through vascular invasion (fig. 1)[6–8]. Evidently, 
neither MO nor IM can be cured by any technically 
precise hepatectomy because the systemic nature 
of MO and IM needs to be addressed with systemic 
approaches.

technical approaches of hepatectomy. We believe that 
the hepatectomy strategy for HCC has evolved from 
a purely technical concept emphasizing AR into a 
scientifically oriented strategy.

1 THE SEVERITY OF CIRRHOSIS NEEDS TO 
BE SCIENTIFICALLY STAGED FOR HEPATE-
CTOMY

1.1 Cirrhotic Severity Determines the Safety of 
Hepatectomy

Cirrhosis is histologically defined as a diffuse 
state in which the normal lobular architecture is 
replaced by abnormal nodules and fibrous septa[12]. 
The architectural distortion results in increased 
resistance to portal blood flow and leads to portal 
hypertension. Cirrhosis can be functionally staged as 
compensated or decompensated[13, 14]. This staging is 
purely based on clinical symptoms and liver function 
but does not represent the severity of histological 
changes. In current surgical practice, surgeons mainly 
focus on the evaluation of liver functional reserve 
and the volume of the remnant liver; cirrhosis is only 
evaluated as “present”’ or “absent” or as to whether 
it is associated with portal hypertension. Histological 
staging of the severity of cirrhosis has never come to 
attention. In patients with Child-Pugh grade A liver 
function or the indocyanine green retention rate at 
15 min in the normal range, the severity of cirrhosis 
can vary greatly in individuals[15, 16]. Extensive 
replacement of hepatic lobules by pseudolobules as 
well as increased fibrosis in the cirrhotic liver will 
significantly decrease the functional units of the liver 
and cause an increased risk of posthepatectomy liver 
failure (PHLF). Our previous study demonstrated 
that the incidence of PHLF was 38.1% in HCC 
patients with Child-Pugh grade A liver function and 
moderate cirrhosis undergoing hepatectomy of three or 
more liver segments and 63.2% in those with severe 
cirrhosis undergoing hepatectomy of two or more liver 
segments[17]. Therefore, preoperative evaluation of the 
histological severity of cirrhosis is vital for the safety 
of hepatectomy. Previous studies have indicated that 
the histological severity of cirrhosis is correlated with 
the grade of portal hypertension determined by hepatic 
venous pressure gradient (HVPG) measurement[18]. An 
HVPG of 10 mmHg or more has been demonstrated 
to be predictive of postoperative liver dysfunction or 
poor long-term survival[19]. However, preoperative 
HVPG measurement has not been commonly adopted 
for determining surgical strategies because of its 
invasive nature. The European Association for the 
Study of the Liver and the American Association 
for the Study of Liver Diseases guidelines do not 
recommend hepatectomy for HCC patients with 
portal hypertension[20]. Meanwhile, several studies 
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Fig. 1 Two leading causes of tumor recurrence after curative 
hepatectomy for HCC patients
After curative hepatectomy of primary tumors, there are 
two leading causes of intrahepatic recurrence of HCC. 
Intrahepatic metastasis (IM) is the development of HCC 
foci from tumor cells that have spread into the remnant 
liver via vascular invasion before curative hepatectomy. 
Multicentric occurrence (MO) is the development of 
new HCC foci in the residual liver due to liver cirrhosis

Currently, immunotherapeutic approaches to 
treat HCC have made significant progress. The 
combination of anti-programmed death receptor 
1 (PD-1) immunotherapy with tyrosine kinase 
inhibitors (TKIs) has achieved unprecedented clinical 
outcomes in the treatment of some advanced HCCs[9]. 
Some initial unresectable HCCs were converted into 
resectable HCCs with combined immunotherapy 
and, in rare cases, even resulted in cure[10, 11]. 
Mounting evidence has indicated that immunotherapy 
combined with systemic therapy has played a more 
effective role in prolonging the survival of patients 
with unresectable HCC. Therefore, it is time to 
reappraise the hepatectomy strategy from scientific 
perspectives regarding the indications, timing, and 
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The development of HCC is closely correlated 
with underlying liver diseases (such as hepatitis B or 
C virus-related liver cirrhosis), especially in Asia. The 
annual incidence of HCC arising from established liver 
cirrhosis has been reported to range between 2.5% and 
6.6%[35–37]. Kim et al[38] have reported that the cumulative 
incidence rates of HCC significantly increase with the 
increment of cirrhotic severity histologically staged by 
the Laennec staging system. The 3-year cumulative 
incidence rates of HCC in patients with no, mild, 
moderate, or severe cirrhosis were 4.3%, 6.3%, 17.1%, 
and 16.1%, respectively. Using transient elastography, 
Jung et al[39] found that when patients were stratified 
into 5 groups based on the liver stiffness measured by 
FibroScan (≤8 kPa, 8.1–13 kPa, 13.1–18 kPa, 18.1–23 
kPa, and >23 kPa), the 3-year cumulative incidence 
rates of HCC were 1.58%, 6.58%, 8.77%, 19.07%, and 
24.76%, respectively.

In recent years, mounting evidence has revealed 
that cirrhosis is a significant factor in decreasing the 
long-term survival of patients after hepatectomy[40–42]. 
However, these studies simply regarded cirrhosis as a 
one-stage condition and ignored the differences in the 
severity of cirrhosis. In 2011, our team demonstrated 
for the first time that cirrhotic severity significantly 
influenced the long-term outcomes of hepatectomy in 
patients with HCC. The 3-year overall survival rates of 
HCC patients with mild, moderate, and severe cirrhosis 
after hepatectomy were 74.3%, 48.1%, and 26.7%, 
respectively; in addition, the overall survival rates were 
significantly worse in patients with severe cirrhosis 
than in those with mild cirrhosis[43]. Subsequently, 
Kim et al[44] reported that the histological severity of 
cirrhosis is adversely associated with the prognosis of 
HCC patients after hepatectomy. The 3-year cumulative 
recurrence rates in patients with no, mild, moderate, 
or severe cirrhosis were 21.8%, 42.9%, 68.5%, and 
86.7%, respectively. Our recent study, which included 
a large sample size and a long follow-up period, 
further demonstrated that the histological severity of 
cirrhosis significantly affects surgical outcomes in 
HCC patients undergoing curative hepatectomy. The 
5-year recurrence-free survival and overall survival 
rates of HCC patients with no, mild, moderate, or 
severe cirrhosis after hepatectomy were 36.8% and 
64.5%, 34.8% and 60.4%, 17.3% and 43.4%, and 6.1% 
and 20.1%, respectively[45]. Studies that assessed the 
prognostic significance of cirrhosis status for long-
term outcomes after hepatectomy are summarized in 
table 1.

According to the Barcelona Clinic Liver Cancer 
staging system, liver transplantation or hepatectomy is 
recommended as the first-line treatment for patients with 
early-stage HCC[46]. However, contradictory outcomes 
between liver transplantation and hepatectomy have 
been reported. Adam et al[47] reported that for a single 

have shown that hepatectomy for HCC patients with 
portal hypertension is associated with high incidences 
of PHLF and poor surgical outcomes[19, 21, 22].
In contrast, some studies have suggested that 
portal hypertension is not regarded as an absolute 
contraindication to hepatectomy[23–25]. This discrepancy 
is partially attributed to the ignorance of cirrhotic 
severity itself. Histological alterations in cirrhosis 
can result in decreased hepatic lobule function and 
increased transhepatic perfusion resistance leading 
to portal hypertension. However, the symptoms of 
portal hypertension can be significantly affected by 
the collateral portacaval shunting status in different 
individuals. Therefore, the symptoms of portal 
hypertension do not exactly reflect the severity of 
cirrhosis. Our previous study demonstrated that 
the histological severity of cirrhosis is a key factor 
affecting the surgical outcomes of patients with both 
HCC and portal hypertension, suggesting that the 
histological severity of cirrhosis is an independent 
factor influencing surgical outcomes[26]. Our team 
previously proposed noninvasive cirrhotic severity 
scoring[27] and direct liver stiffness measurement[16] to 
evaluate the histological severity of cirrhosis in HCC 
patients. A multicenter prospective study was carried 
out, and their effectiveness was validated for staging 
cirrhotic severity (unpublished data). It is hoped that a 
clinical staging system for the severity of cirrhosis can 
be established to improve the safety of hepatectomy.
1.2 Cirrhotic Severity Affects the Long-term 
Outcomes of Hepatectomy

Cirrhosis is regarded as the last stage of 
fibrosis[28–30], but the severity of cirrhosis varies 
significantly in different individuals. The Laennec 
staging system, a modification of the METAVIR 
system, was first proposed in 2000 for staging the 
histological severity of cirrhosis[31]. According to the 
Laennec staging system, cirrhosis is graded into 4A, 
4B, and 4C stages, representing mild, moderate, and 
severe cirrhosis, respectively. This system has been 
employed to evaluate the progression of fibrosis or 
cirrhosis over the course of antiviral treatment for 
hepatitis by analyzing biopsy samples[32]. Nevertheless, 
evaluation of abnormal nodules and fibrous septa from 
tiny thin liver samples obtained by biopsy is unreliable. 
Digital image analysis, which can quantitatively assess 
fibrosis and calculate the proportion of collagen in 
the liver, is a newly developed method of objectively 
calculating the collagen proportionate area (CPA)[33]. 
Our previous study demonstrated that in HCC patients 
with Child-Pugh grade A liver function, the CPA values 
of their liver specimens obtained by liver resection 
were significantly varied and ranged from 1.6% to 
42.8%, which suggests that there are great variations 
in the histological severity of cirrhosis, but their liver 
function exhibits no difference[34].
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HCC measuring 5 cm or smaller in a cirrhotic liver, 
the 5-year overall survival and recurrence-free survival 
rates after liver transplantation were better than those 
after hepatectomy (75% and 72% vs. 52% and 20%, 
P<0.05). However, Krenzien et al[48] reported that the 
outcomes in HCC patients with cirrhosis undergoing 
hepatectomy in recent years have improved due 
to advances in liver surgery. The overall survival 
was comparable between liver transplantation and 
hepatectomy for HCC within the Milan criteria in 
the more recent period of 2005–2011 (5-year overall 
survival rates: 73% vs. 61%, P=0.07). Furthermore, 
Koniaris et al[49] compared the long-term outcomes 
of HCC patients treated with either hepatectomy or 
liver transplantation using the intent-to-treat analysis 
and found that the 5-year overall survival rates were 
not significantly different between hepatectomy and 
liver transplantation for HCC patients who fulfilled 
the liver transplantation criteria (53.0% vs. 52.0%, 
P>0.05); but for patients with model end-stage liver 
disease scores less than 10, the 5-year overall survival 
rates were better after hepatectomy than after liver 
transplantation. These conflicting results might 
result from the lack of knowledge of the histological 
severity of cirrhosis in these studies. In 2015, our 
team retrospectively analyzed and compared the 
long-term outcomes of HCC patients with a solitary 
tumor measuring ≤5 cm after either hepatectomy or 
liver transplantation[50]. The patients with Child-Pugh 

grade A liver function who underwent hepatectomy 
were stratified by the histological severity of cirrhosis 
according to the Laennec staging system. The results 
demonstrated that for patients with no or mild cirrhosis, 
the 5-year recurrence-free survival and disease-specific 
survival rates did not differ significantly between 
hepatectomy and liver transplantation. However, 
patients with moderate or severe cirrhosis after 
hepatectomy had worse 5-year recurrence-free survival 
and disease-specific survival rates than those after 
liver transplantation. Our data demonstrated that the 
severity of cirrhosis significantly affects the long-term 
survival of patients who underwent hepatectomy; and 
for patients with severe cirrhosis, liver transplantation 
would be a better choice, although hepatectomy is also 
feasible.

Cirrhotic severity plays a key role when evaluating 
both the safety and long-term outcomes of HCC 
patients who underwent hepatectomy. Scientifically 
staging the severity of cirrhosis in different individuals 
is of paramount importance for individualizing surgical 
strategies for HCC patients.

2 VASCULAR INVASION NEEDS TO BE 
SCIENTIFICALLY RECOGNIZED FOR HE-
PATECTOMY

2.1 Systemic Nature of Vascular Invasion
A hallmark of HCC is angiogenesis, which means 

Table 1 Long-term outcomes of hepatectomy in recent studies with comparative analysis of the cirrhosis status

Author Cirrhosis status n Overall survival, % P-value1-year 3-year 5-year
Taura et al[92] No cirrhosis 127 – – 81 <0.001

Child-Pugh class A cirrhosis 129 – – 54
Child-Pugh class B cirrhosis 37 – – 28

Huang et al[43] Mild cirrhosis 29 85.7 74.3 – 0.001
Moderate cirrhosis 29 81.5 48.1 –
Severe cirrhosis 19 60.0 26.7 –

Wang et al[93] Fibrosis (Ishak stage 1–5) 135 – – 73 0.01
Cirrhosis (Ishak stage 6) 54 – – 50

Kim et al[44] No/moderate cirrhosis 82 95.1 91.4 – 0.007
Severe cirrhosis 10 80 70 –

Sasaki et al[94] Normal liver 64 – 85.7 75.4 0.04
Liver cirrhosis 64 – 74.9 59.1

Lee et al[95] Without cirrhosis 387 96.1 89.9 86.6 <0.001
With cirrhosis 262 94.5 86.9 78.5

Dong et al[26] Mild-moderate cirrhosis (with portal hypertension) 272 81.2 53.1 39.9 <0.001
Severe cirrhosis (with portal hypertension) 102 57.8 34.5 16.9

Zhang et al[96] No/mild cirrhosis
(without portal hypertension)

68 98.5 88.1 80.0 0.001

Moderate/severe cirrhosis
(without portal hypertension)

98 98.0 69.2 54.7

Liang et al[45] No cirrhosis 220 86.0 70.5 64.5 <0.001
Mild cirrhosis 575 84.9 70.1 60.4
Moderate cirrhosis 597 79.1 56.7 43.4
Severe cirrhosis 132 59.9 37.9 20.1
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that the tumor can induce new vessel formation for 
growth[51]. Vascular invasion is a typical feature of 
HCC, and it usually involves either the portal vein 
or hepatic vein branches, leading to intrahepatic 
recurrence or distant metastases[52, 53]. Vascular invasion 
is believed to represent the systemic nature of HCC, 
and surgical approaches such as hepatectomy or liver 
transplantation have very limited efficacy, even in 
patients with microvascular invasion (MVI). MVI is 
defined as tumor cells invading a portal vein, hepatic 
vein, or a large capsular vessel of the surrounding 
hepatic tissues visible only by microscopy[54]. Previous 
studies have indicated that the incidence of MVI in 
HCC patients ranges from 15% to 74.4%[55–57]. A meta-
analysis analyzing 1501 HCC patients who underwent 
hepatectomy revealed that MVI significantly decreased 
the 3- and 5-year disease-free survival rates[56]. 
Moreover, Wang and colleagues have reported that 
HCC patients with TNM stage Ⅱ disease and MVI had 
similar prognosis compared with those with TNM stage 
Ⅲ disease and without MVI, demonstrating that MVI is 
a more significant factor influencing tumor recurrence 
and long-term survival[58]. Several subsequent studies 
also revealed that HCC patients with MVI, even those 
with solitary tumors measuring ≤2 cm, had lower 
recurrence-free survival and overall survival rates[59, 60].
In addition, extensive hepatectomy was unable to solve 
the problem caused by vascular invasion. Poon et al[61] 
demonstrated that more than 70% of HCC patients 
with cirrhosis experienced tumor recurrence after 
hepatectomy, but there was no significant difference 
between the wide-margin group and the narrow-margin 
group. Most of the recurrent tumors occurred in a 
distal segment or multiple segments associated with 
vascular spread. Furthermore, Moon’s study indicated 
that the 5-year overall survival rate of patients with 
MVI who received a liver transplantation was only 
49%, compared to 100% for patients without MVI[62]. 
These studies suggest that hepatectomy, even extensive 
hepatectomy or liver transplantation, has a limited 
capacity to eradicate the tumor recurrence caused by 
vascular invasion due to its systemic nature.
2.2 AR Is Not a Solution for Vascular Invasion

Over the past few decades, there has been debate 
about the superiority of AR compared to NAR for 
providing a better surgical prognosis. Since the 
functional anatomy of the liver was first successfully 
described, AR has been regarded as the best approach 
for hepatectomy. The Brisbane nomenclature of 
hepatectomy based on Couinaud’s segmental anatomy 
was proposed in 2000 and then adopted by the 
International Hepato-Pancreato-Biliary Association[63]. 
As HCC is commonly accompanied by underlying 
liver cirrhosis, hepatectomy usually must be performed 
in a parenchyma-preserving manner to prevent PHLF. 
However, the current Brisbane nomenclature system 

does not address the nomenclature issues when 
parenchyma-preserving hepatectomy is performed, 
and a large amount of inaccurate documentation for 
hepatectomy has inevitably led to conflicting results 
in clinical studies. Some authors have suggested 
that the nomenclature of parenchyma-preserving 
hepatectomy should be proposed to address this 
issue[64]. To preserve the liver parenchyma and ensure 
safety in cirrhotic patients, Makuuchi et al[65] proposed 
anatomic subsegmentectomy of a combination of 
contiguous territories of the “3rd-order” subsegmental 
portal venous branches smaller than one Couinaud’s 
segment. NAR is defined as the removal of the tumor 
with an adequate margin, irrespective of the segments. 
Some studies have indicated that AR yields better 
long-term outcomes than NAR after hepatectomy[66–68]. 
Two recent meta-analyses revealed that AR seemed 
to offer better surgical outcomes than NAR in HCC 
patients who underwent hepatectomy, especially for 
those without cirrhosis and small solitary tumors[69, 70].
However, other studies showed different results. In 
2008, a Japanese nationwide survey revealed that 
no significant difference was observed in the overall 
survival after hepatectomy for solitary HCC between 
the AR and NAR groups, although the recurrence 
rates in the AR group were significantly lower in HCC 
patients with a tumor diameter of 2–5 cm than in those 
in the NAR group[71]. A recent study from the University 
of Tokyo indicated that the AR group showed better 
disease-free survival than the NAR group, whereas 
no significant difference was observed in the overall 
survival. It should be noted that patients who underwent 
NAR commonly had a higher incidence of severe 
cirrhosis than those who underwent AR in this study[72]. 
Whether some tumors were de-novo lesions caused by 
underlying cirrhosis in the NAR group that erected a 
false benefit of AR over NAR in disease-free survival 
remains unknown. Furthermore, a double-blinded 
prospective randomized trial was conducted by Feng 
et al[73], revealing that the long-term survival outcomes 
were not significantly different between the AR and 
NAR groups. In addition, the effects and benefits of 
AR for HCC with MVI remain controversial. Some 
studies indicated that AR significantly decreased tumor 
recurrence after hepatectomy, whereas the overall 
survival rates were similar between the two groups[74, 75]. 
Furthermore, other studies failed to demonstrate these 
benefits when performing AR. A multi-institutional 
study from Japan assessed the value of AR for HCC 
with MVI, and the results of a propensity score-
matched analysis revealed no significant differences 
in the long-term outcomes between the AR and NAR 
groups[76]. Dahiya et al[77] demonstrated that the tumor 
biological characteristics and the severity of cirrhosis 
were important factors affecting the prognosis of HCC 
patients after hepatectomy, rather than the type of 
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resection. A summary of recent studies comparing both 
the recurrence and survival according to the surgical 
type (AR or NAR) for HCC patients with MVI is 
displayed in table 2.

Collectively, for HCC patients with vascular 
invasion, surgical approaches have limited efficacy 
because of the systemic nature of vascular invasion. 
From a technical perspective, AR is an ideal approach 
for HCC in patients without cirrhosis or with mild 
cirrhosis, but it is not suitable for those with severe 
cirrhosis. Therefore, scientifically staging cirrhosis is 
vital for standardizing a surgical decision for either AR 
or parenchyma-preserving hepatectomy. Accumulating 
evidence indicates that AR is not superior to NAR in 
achieving long-term survival, and surgeons should 
avoid pursuing AR for better surgical outcomes. In 
severely cirrhotic patients, parenchyma-preserving 
hepatectomy should also be considered as a reasonable 
choice.

3 ADVANCES IN SYSTEMIC THERAPY 
URGE A SCIENTIFIC REAPPRAISAL OF 
HEPATECTOMY

3.1 New Conversion Therapy Is Altering the 
Indications and Timing of Hepatectomy

For a long time, hepatectomy has only been 
indicated for a small proportion of patients who are 

diagnosed with early-stage HCC. For the majority of 
HCC patients with large HCCs, locally advanced disease, 
or metastatic disease, how to convert unresectable HCC 
into resectable HCC has been a longstanding quest 
for decades. Transarterial chemoembolization might 
convert unresectable tumors to resectable tumors in 
only 7%–18% of patients[78, 79]. The rapid development 
of immunotherapy and molecular targeted therapy has 
made profound advances in the conversion strategy for 
HCC. For example, clinical data for systemic therapy 
in the first-line setting for unresectable HCC show that 
lenvatinib has a higher objective response rate (ORR) 
than sorafenib[80, 81]. When molecular targeted therapy 
is combined with immunotherapy, such as lenvatinib 
combined with pembrolizumab, bevacizumab com-
bined with atezolizumab, bevacizumab analogs 
combined with sintilimab, or apatinib combined with 
camrelizumab, ORRs greater than 20% are observed 
in the treatment of unresectable HCC[81–83]. In addition, 
Zhang et al[84] reported 35 patients with stage Ⅲa 
HCC treated with PD-1 inhibitors combined with 
TKIs, and the conversion rate was 42.4%. Clinical 
data for systemic therapy combining targeted and 
immunotherapy in patients with advanced HCC are 
summarized in table 3. We believe that the scientific 
advances in systemic therapy for HCC are profoundly 
affecting the indications and timing of hepatectomy for 
HCC.

Table 2 Comparative studies of survival following anatomic resection vs. nonanatomic resection in hepatocellular carcinoma 
patients with microvascular invasion

Author Resection type n 5-year DFS (%) P-value 5-year OS (%) P-value
Yamashita et al[97] AR 13 47 0.92 88 0.84

NAR 30 23 65
Matsumoto et al[98] AR 74 33.8 0.001 46.1 0.002

NAR 23 0 16.3
Zhao et al[74] AR 45 39 0.016 52 0.277

NAR 47 20 42
Zhong et al[75] AR 100 42 0.039 51.5 0.301

NAR 170 26.4 42.4
Hidaka et al[76] AR 86 37 ns 64.5 ns

NAR 86 42.2 65.3
AR: anatomic resection; NAR: nonanatomic resection; DFS: disease-free survival; OS: overall survival; ns: not significant

Table 3 Clinical trials of targeted therapy combined with immunotherapy in patients with advanced hepatocellular carcinoma
Therapeutic drug Study name/design n ORR, % OS, months PFS, months Recommended as
Lenvatinib+Nivolumab Phase Ⅰb, single arm 30 54.2 – 7.39 First line
Lenvatinib+Pembrolizumab Phase Ⅰb, single arm 100 36 22.0 8.6 First line
Apatinib+Camrelizumab Phase Ⅱ, single arm 70 34 20.3 5.7 First line
Regorafenib+Pembrolizumab Phase Ⅰb, single arm 35 29 – – First line
Cabozantinib+Nivolumab CheckMate 040: phase Ⅰ/Ⅱ, 

nonrandomized
36 19 21.5 5.4 First line/

Second line
Anlotinib+Penpulimab Phase Ⅰb/Ⅱ, single arm 31 24 NE – First line
Bevacizumab+Sintilimab ORIENT-32: phase Ⅱ/Ⅲ, randomized 380 21 NR 4.6 First line
Bevacizumab+Toripalimab CT34: phase Ⅱ, multi-center, single arm 54 31.5 NR 9.9 First line
Bevacizumab+Atezolizumab IMbrave150: phase Ⅲ, randomized 336 30 19.2 6.9 First line
ORR: objective response rate; OS: overall survival; PFS: progression-free survival
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3.2 Adjuvant Therapy Tends to Favor Parenchyma-
preserving Hepatectomy

Advances in systemic therapy with TKIs 
and immune checkpoint inhibitors should also 
bring promising opportunities in the prevention of 
postoperative recurrence. Huang and colleagues 
revealed that sorafenib significantly reduced recurrence 
and prolonged survival rates in HCC patients with MVI 
after curative hepatectomy[85]. However, a randomized 
controlled trial (STORM trial) failed to support the 
notion that sorafenib could serve as an adjuvant drug 
for HCC patients after curative hepatectomy[86]. The 
CheckMate-9DX study is currently investigating 
whether nivolumab, compared with placebo, will 
decrease recurrence in HCC patients with a high 
risk of recurrence after hepatic resection or ablation. 
Furthermore, the Imbrave 050 trial is ongoing to 
compare atezolizumab plus bevacizumab with active 
surveillance in HCC patients at a high risk of recurrence 
after curative treatment.

In this new era, when systemic therapy has become 
the main approach for HCC, the liver parenchyma-
preserving approach is significantly important for 
patients sustaining adjuvant therapy when undergoing 
hepatectomy for HCC. As adjuvant therapy is usually 
associated with severe side effects, it requires 
sufficient liver function support, especially in cirrhotic 
patients whose capacity for liver regeneration is largely 
decreased. However, the liver is uniquely characterized 
by its ability to regenerate itself in response to injury. 
After hepatectomy, liver regeneration is initiated by 
the proliferation of all of the existing mature cellular 
populations composing the intact organ, and it involves 
numerous and sequential changes in gene expression[87, 88].
However, experimental models have shown that the 
regenerative capacity of the liver is inhibited by the 
presence of cirrhosis[89]. The results from human studies 
also have revealed that cirrhotic livers have an inferior 
regenerative capacity. For example, Nagasue and 

colleagues found that the regenerative capacity of livers 
with cirrhosis or hepatitis was substantially less than 
that of normal liver[90]. Yamanaka et al[91] also reported 
that cirrhotic livers generally show poor restoration 
of the liver volume and liver function. Therefore, 
preserving the liver parenchyma is important for HCC 
patients with cirrhosis, especially for severely cirrhotic 
patients with a limited regenerative capacity.

4 CONCLUSION

Technically precise hepatectomy for HCC, 
such as AR, has been advocated for years; however, 
posthepatectomy recurrence rates remain high. 
Scientific evidence suggests that the main causes 
of recurrence are related to underlying cirrhosis 
and vascular spread of tumor cells. The strategy of 
hepatectomy needs to be reappraised based on this 
scientific evidence. The histological severity of 
cirrhosis significantly affects the safety and long-term 
outcomes of hepatectomy and needs to be scientifically 
staged to individualize surgical approaches for HCC 
patients. Vascular invasion represents the systemic 
signature of HCC, and it cannot be eradicated by 
hepatectomy. However, new advances in systemic 
therapy have brought significant opportunities for 
further optimizing hepatectomy strategies for HCC. In 
this new era, hepatectomy for HCC has evolved from a 
technical concept emphasizing AR into a scientifically 
oriented strategy that considers all scientific advances 
affecting hepatectomy strategies, such as underlying 
liver cirrhosis, vascular invasion, systemic therapy, 
and liver parenchyma-preserving techniques, for the 
best clinical outcomes. By introducing the concept 
of scientific hepatectomy (fig. 2), the indications, 
timing, and surgical techniques of hepatectomy will 
be further optimized for individual patients, and the 
long-term survival of HCC patients will be further 
improved.

Fig. 2 Schematic diagram of scientific hepatectomy

Scientific hepatectomy

• Anatomic resection
•

•

•

•

•

•

•

Nonanatomic resection

•Reduce operative mortality
• Improve long-term survivals

Hepatitis
Histological severity of cirrhosis

• Tumor size
• Tumor number
• Vascular invasion
• Tumor thrombosis

Conversion therapy
Adjuvant therapy 

Underlying disease control
Recurrent tumor treatment

Localized technical decision

Traditional hepatectomy

Systemic consideration

� Tumor biology

� Anatomic factors

� Underlying liver disease

� Remnant liver preservation

� Systemic therapy



904 Current Medical Science  43(5):2023

Open Access
This article is licensed under a Creative Commons 

Attribution 4.0 International License https://creativeco-
mmons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. 
The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Conflict of Interest Statement
The authors declare that they have no conflicts of 

interest.
Author Xiao-ping CHEN is a member of the Editorial 

Board for Current Medical Science. The paper was handled 
by other editors and has undergone rigorous peer review 
process. Author Xiao-ping CHEN was not involved in the 
journal’s review of, or decisions related to, this manuscript.

REFERENCES
1 Sung H, Ferlay J, Siegel RL, et al. Global Cancer 

Statistics 2020: GLOBOCAN Estimates of Incidence 
and Mortality Worldwide for 36 Cancers in 185 
Countries. CA Cancer J Clin, 2021,71(3):209-249

2  O’Leary C, Mahler M, Soulen MC. Curative-Intent 
Therapies in Localized Hepatocellular Carcinoma. Curr 
Treat Options Oncol, 2020,21(4):31

3  Bruix J, Sherman M. Management of Hepatocellular 
Carcinoma. Hepatology, 2005,42(5): 1208-1236

4  Rahbari NN, Mehrabi A, Mollberg NM, et al. 
Hepatocellular Carcinoma: Current Management and 
Perspectives for the Future. Ann Surg, 2011,253(3):453-
469

5  Sasaki K, Shindoh J, Margonis GA, et al. Effect 
of Background Liver Cirrhosis on Outcomes of 
Hepatectomy for Hepatocellular Carcinoma. JAMA 
Surg, 2017,152(3):e165059.

6  Imamura H, Matsuyama Y, Tanaka E, et al. Risk Factors 
Contributing to Early and Late Phase Intrahepatic 
Recurrence of Hepatocellular Carcinoma After 
Hepatectomy. J Hepatol, 2003,38(2)2:200-207

7  Cucchetti A, Piscaglia F, Caturelli E, et al. Comparison 
of Recurrence of Hepatocellular Carcinoma After 
Resection in Patients with Cirrhosis to its Occurrence 
in a Surveilled Cirrhotic Population. Ann Surg Oncol, 
2009,16(2):413-422

8  Cheng Z, Yang P, Qu S, et al. Risk Factors and 
Management for Early and Late Intrahepatic Recurrence 
of Solitary Hepatocellular Carcinoma After Curative 
Resection. HPB (Oxford), 2015,17(5):422-427

9  Finn RS, Qin S, Ikeda M, et al. Atezolizumab 
Plus Bevacizumab in Unresectable Hepatocellular 
Carcinoma. N Engl J Med, 2020,382(20):1894-1905

10  Zhang EL, Zhang ZY, Li J, et al. Complete Response to 
the Sequential Treatment with Regorafenib Followed by 

PD-1 Inhibitor in a Sorafenib-Refractory Hepatocellular 
Carcinoma Patient. Onco Targets Ther, 2020,13:12477-
12487

11  Long X, Zhang L, Wang WQ, et al. Response of Scalp 
and Skull Metastasis to Anti-PD-1 Antibody Combined 
with Regorafenib Treatment in a Sorafenib-Resistant 
Hepatocellular Carcinoma Patient and a Literature 
Review. Onco Targets Ther, 2022,15:703-716

12  Tsochatzis EA, Bosch J, Burroughs AK. Liver Cirrhosis. 
Lancet, 2014,383(9930):1749-1761

13 de Franchis R. Evolving Consensus in Portal 
Hypertension. Report of the Baveno IV Consensus 
Workshop On Methodology of Diagnosis and Therapy 
in Portal Hypertension. J Hepatol, 2005,43(1):167-176

14  Kim MY, Baik SK, Yea CJ, et al. Hepatic Venous 
Pressure Gradient Can Predict the Development of 
Hepatocellular Carcinoma and Hyponatremia in 
Decompensated Alcoholic Cirrhosis. Eur J Gastroenterol 
Hepatol, 2009,21(11):1241-1246

15  Gu J, Zhang E, Liang B, et al. Effectiveness Comparison 
of Indocyanine Green Retention Test with the Cirrhotic 
Severity Scoring in Evaluating the Pathological Severity 
of Liver Cirrhosis in Patients with Hepatocellular 
Carcinoma and Child-Pugh Grade A Liver Function. 
World J Surg Oncol, 2020,18(1)1:79

16  Gu J, Zhang E, Liang B, et al. Use of Direct Liver 
Stiffness Measurement in Evaluating the Severity 
of Liver Cirrhosis in Patients with Hepatocellular 
Carcinoma. World J Surg, 2020,44(8),2777-2783

17  Zhou SJ, Zhang EL, Liang BY, et al. Morphologic 
Severity of Cirrhosis Determines the Extent of Liver 
Resection in Patients with Hepatocellular Carcinoma 
and Child-Pugh Grade A Cirrhosis. J Surg Res, 
2016,200(2):444-451

18 Kim MY, Cho MY, Baik SK, et al. Histological 
Subclassification of Cirrhosis Using the Laennec 
Fibrosis Scoring System Correlates with Clinical 
Stage and Grade of Portal Hypertension. J Hepatol, 
2011,55(5):1004-1009

19  Boleslawski E, Petrovai G, Truant S, et al. Hepatic 
Venous Pressure Gradient in the Assessment of Portal 
Hypertension Before Liver Resection in Patients with 
Cirrhosis. Br J Surg, 2012,99(6):855-863

20 EASL-EORTC Clinical Practice Guidelines: 
Management of Hepatocellular Carcinoma. J Hepatol, 
2012,56(4):908-943

21  Tang YH, Zhu WJ, Wen TF. Influence of Clinically 
Significant Portal Hypertension On Hepatectomy for 
Hepatocellular Carcinoma: A Meta-Analysis. Asian Pac 
J Cancer Prev, 2014,15(4):1649-1654

22 Berzigotti A, Reig M, Abraldes JG, et al. Portal 
Hypertension and the Outcome of Surgery for 
Hepatocellular Carcinoma in Compensated Cirrhosis: 
A Systematic Review and Meta-Analysis. Hepatology, 
2015,61(2):526-536

23  Cucchetti A, Ercolani G, Vivarelli M, et al. Is Portal 
Hypertension a Contraindication to Hepatic Resection? 
Ann Surg, 2009,250(6):922-928

24  Santambrogio R, Kluger MD, Costa M, et al. Hepatic 
Resection for Hepatocellular Carcinoma in Patients 
with Child-Pugh’s a Cirrhosis: Is Clinical Evidence of 
Portal Hypertension a Contraindication? HPB (Oxford), 



905Current Medical Science  43(5):2023

2013,15(1):78-84
25  He W, Zeng Q, Zheng Y, et al. The Role of Clinically 

Significant Portal Hypertension in Hepatic Resection 
for Hepatocellular Carcinoma Patients: A Propensity 
Score Matching Analysis. BMC Cancer, 2015,15:263

26  Dong KS, Liang BY, Zhang ZY, et al. Histologic Severity 
of Liver Cirrhosis: A Key Factor Affecting Surgical 
Outcomes of Hepatocellular Carcinoma in Patients with 
Portal Hypertension. Asian J Surg, 2019,42(12):981-
989

27  Zhang EL, Zhang ZY, Wang SP, et al. Predicting the 
Severity of Liver Cirrhosis through Clinical Parameters. 
J Surg Res, 2016,204(2):274-281

28  Ishak K, Baptista A, Bianchi L, et al. Histological 
Grading and Staging of Chronic Hepatitis. J Hepatol, 
1995,22(6):696-699

29 Batts KP, Ludwig J. Chronic Hepatitis. An Update 
On Terminology and Reporting. Am J Surg Pathol, 
1995,19(12):1409-1417

30  Bedossa P, Poynard T. An Algorithm for the Grading 
of Activity in Chronic Hepatitis C. The METAVIR 
Cooperative Study Group. Hepatology, 1996,24(2):289-
293

31  Kutami R, Girgrah N, Wanless IR, et al. The Laennec 
grading system for assessment of hepatic fibrosis: 
validation by correlation with wedged hepatic 
vein pressure and clinical features. Hepatology, 
2000,32(42):407A

32  Sun Y, Zhou J, Wang L, et al. New Classification of Liver 
Biopsy Assessment for Fibrosis in Chronic Hepatitis 
B Patients Before and After Treatment. Hepatology, 
2017,65(5):1438-1450

33  Standish RA, Cholongitas E, Dhillon A, et al. An 
Appraisal of the Histopathological Assessment of Liver 
Fibrosis. Gut, 2006,55(4):569-578

34  Gu J, Zhang E, Liang B, et al. Liver Collagen Contents 
are Closely Associated with the Severity of Cirrhosis 
and Posthepatectomy Liver Failure in Patients with 
Hepatocellular Carcinoma and Child-Pugh Grade A 
Liver Function. Ann Surg Oncol, 2021,28(8):4227-4235

35  Fattovich G, Giustina G, Schalm SW, et al. Occurrence 
of Hepatocellular Carcinoma and Decompensation in 
Western European Patients with Cirrhosis Type B. The 
EUROHEP Study Group On Hepatitis B Virus and 
Cirrhosis. Hepatology, 1995,21(1):77-82

36  Fattovich G, Stroffolini T, Zagni I, et al. Hepatocellular 
Carcinoma in Cirrhosis: Incidence and Risk Factors. 
Gastroenterology, 2004,127(5 Suppl 1):S35-50

37 Flemming JA, Yang JD, Vittinghoff E, et al. Risk 
Prediction of Hepatocellular Carcinoma in Patients with 
Cirrhosis: The ADRESS-HCC Risk Model. Cancer-Am 
Cancer Soc, 2014,120(22):3485-3493

38 Kim SU, Oh HJ, Wanless IR, et al. The Laennec Staging 
System for Histological Sub-Classification of Cirrhosis 
is Useful for Stratification of Prognosis in Patients with 
Liver Cirrhosis. J Hepatol, 2012,57(3):556-563

39  Jung KS, Kim SU, Ahn SH, et al. Risk Assessment of 
Hepatitis B Virus-Related Hepatocellular Carcinoma 
Development Using Liver Stiffness Measurement 
(FibroScan). Hepatology, 2011,53(3):885-894

40  Taura K, Ikai I, Hatano E, et al. Influence of Coexisting 
Cirrhosis On Outcomes After Partial Hepatic Resection 

for Hepatocellular Carcinoma Fulfilling the Milan 
Criteria: An Analysis of 293 Patients. Surgery, 
2007,142(5):685-694

41  Wang Q, Fiel MI, Blank S, et al. Impact of Liver Fibrosis 
On Prognosis Following Liver Resection for Hepatitis 
B-associated Hepatocellular Carcinoma. Br J Cancer, 
2013,109(3):573-581

42  Kadri HS, Blank S, Wang Q, et al. Outcomes Following 
Liver Resection and Clinical Pathologic Characteristics 
of Hepatocellular Carcinoma Occurring in Patients with 
Chronic Hepatitis B and Minimally Fibrotic Liver. Eur J 
Surg Oncol, 2013,39(12):1371-1376

43  Huang ZY, Chen G, Hao XY, et al. Outcomes of 
Non-Anatomic Liver Resection for Hepatocellular 
Carcinoma in the Patients with Liver Cirrhosis and 
Analysis of Prognostic Factors. Langenbecks Arch 
Surg, 2011,396(2):193-199

44  Kim SU, Jung KS, Lee S, et al. Histological 
Subclassification of Cirrhosis Can Predict Recurrence 
After Curative Resection of Hepatocellular Carcinoma. 
Liver Int, 2014,34(7): 1008-1017

45  Liang BY, Gu J, Xiong M, et al. Histological Severity 
of Cirrhosis Influences Surgical Outcomes of 
Hepatocellular Carcinoma After Curative Hepatectomy. 
J Hepatocell Carcinoma, 2022,9:633-647

46  Clavien PA, Petrowsky H, DeOliveira ML, et al. 
Strategies for Safer Liver Surgery and Partial Liver 
Transplantation. N Engl J Med, 2007,356(15):1545-
1559

47  Adam R, Bhangui P, Vibert E, et al. Resection Or 
Transplantation for Early Hepatocellular Carcinoma in a 
Cirrhotic Liver: Does Size Define the Best Oncological 
Strategy? Ann Surg, 2012,256(6):883-891

48  Krenzien F, Schmelzle M, Struecker B, et al. Liver 
Transplantation and Liver Resection for Cirrhotic 
Patients with Hepatocellular Carcinoma: Comparison 
of Long-Term Survivals. J Gastrointest Surg, 
2018,22(5):840-848

49  Koniaris LG, Levi DM, Pedroso FE, et al. Is 
Surgical Resection Superior to Transplantation in the 
Treatment of Hepatocellular Carcinoma? Ann Surg, 
2011,254(3):527-537; discussion 537-538

50  Huang ZY, Liang BY, Xiong M, et al. Severity of Cirrhosis 
Should Determine the Operative Modality for Patients 
with Early Hepatocellular Carcinoma and Compensated 
Liver Function. Surgery, 2016,159(2):621-631

51  Hanahan D, Weinberg RA. Hallmarks of Cancer: The 
Next Generation. Cell, 2011,144(5):646-674

52  Mitsunobu M, Toyosaka A, Oriyama T, et al. 
Intrahepatic Metastases in Hepatocellular Carcinoma: 
The Role of the Portal Vein as an Efferent Vessel. Clin 
Exp Metastasis, 1996, 14(6):520-529

53  Sugino T, Yamaguchi T, Hoshi N, et al. Sinusoidal 
Tumor Angiogenesis is a Key Component in 
Hepatocellular Carcinoma Metastasis. Clin Exp 
Metastasis, 2008,25(7):835-841

54 Zhang XP, Wang K, Wei XB, et al. An Eastern 
Hepatobiliary Surgery Hospital Microvascular Invasion 
Scoring System in Predicting Prognosis of Patients with 
Hepatocellular Carcinoma and Microvascular Invasion 
After R0 Liver Resection: A Large-Scale, Multicenter 
Study. Oncologist, 2019,24(12):e1476-1488



906 Current Medical Science  43(5):2023

55  Cucchetti A, Piscaglia F, Grigioni AD, et al. 
Preoperative Prediction of Hepatocellular Carcinoma 
Tumour Grade and Micro-Vascular Invasion by Means 
of Artificial Neural Network: A Pilot Study. J Hepatol, 
2010,52(6):880-888

56  Rodriguez-Peralvarez M, Luong TV, Andreana L, et 
al. A Systematic Review of Microvascular Invasion in 
Hepatocellular Carcinoma: Diagnostic and Prognostic 
Variability. Ann Surg Oncol, 2013,20(1):325-339

57  Lei Z, Li J, Wu D, et al. Nomogram for Preoperative 
Estimation of Microvascular Invasion Risk in Hepatitis 
B Virus-Related Hepatocellular Carcinoma within the 
Milan Criteria. JAMA Surg, 2016,151(4):356-363

58  Wang CC, Iyer SG, Low JK, et al. Perioperative Factors 
Affecting Long-Term Outcomes of 473 Consecutive 
Patients Undergoing Hepatectomy for Hepatocellular 
Carcinoma. Ann Surg Oncol, 2009,16(7):1832-1842

59  Shindoh J, Kobayashi Y, Kawamura Y, et al. 
Microvascular Invasion and a Size Cutoff Value of 2 cm 
Predict Long-Term Oncological Outcome in Multiple 
Hepatocellular Carcinoma: Reappraisal of the American 
Joint Committee on Cancer Staging System and 
Validation Using the Surveillance, Epidemiology, and 
End-Results Database. Liver Cancer, 2020,9(2):156-
166

60  Park S, Choi S, Cho YA, et al. Evaluation of the 
American Joint Committee On Cancer (AJCC) 8Th 
Edition Staging System for Hepatocellular Carcinoma 
in 1,008 Patients with Curative Resection. Cancer Res 
Treat, 2020,52(4):1145-1152

61  Poon RT, Fan ST, Ng IO, et al. Significance of Resection 
Margin in Hepatectomy for Hepatocellular Carcinoma: 
A Critical Reappraisal. Ann Surg, 2000,231(4):544-551

62  Moon JI, Kwon CH, Joh JW, et al. Primary Versus 
Salvage Living Donor Liver Transplantation for 
Patients with Hepatocellular Carcinoma: Impact of 
Microvascular Invasion On Survival. Transplant Proc, 
2012,44(2):487-493

63  Pang YY. The Brisbane 2000 Terminology of Liver 
Anatomy and Resections. HPB 2000; 2:333-39. HPB 
(Oxford), 2002,4(2):99-100

64  Nagino M, DeMatteo R, Lang H, et al. Proposal of a 
New Comprehensive Notation for Hepatectomy: The 
"New World" Terminology. Ann Surg, 2021,274(1):1-3

65  Makuuchi M, Hasegawa H, Yamazaki S. Ultrasonically 
Guided Subsegmentectomy. Surg Gynecol Obstet, 
1985,161(4):346-350

66  Hasegawa K, Kokudo N, Imamura H, et al. Prognostic 
Impact of Anatomic Resection for Hepatocellular 
Carcinoma. Ann Surg, 2005,242(2):252-259

67  Wakai T, Shirai Y, Sakata J, et al. Anatomic Resection 
Independently Improves Long-Term Survival in Patients 
with T1-T2 Hepatocellular Carcinoma. Ann Surg Oncol, 
2007, 14(4):1356-1365

68  Kobayashi A, Miyagawa S, Miwa S, et al. Prognostic 
Impact of Anatomical Resection On Early and Late 
Intrahepatic Recurrence in Patients with Hepatocellular 
Carcinoma. J Hepatobiliary Pancreat Surg, 
2008,15(5):515-521

69  Tan Y, Zhang W, Jiang L, et al. Efficacy and Safety of 
Anatomic Resection Versus Nonanatomic Resection 
in Patients with Hepatocellular Carcinoma: A 

Systemic Review and Meta-Analysis. Plos One, 
2017,12(10):e186930

70  Moris D, Tsilimigras DI, Kostakis ID, et al. Anatomic 
Versus Non-Anatomic Resection for Hepatocellular 
Carcinoma: A Systematic Review and Meta-Analysis. 
Eur J Surg Oncol, 2018,44(7):927-938

71  Eguchi S, Kanematsu T, Arii S, et al. Comparison of the 
Outcomes Between an Anatomical Subsegmentectomy 
and a Non-Anatomical Minor Hepatectomy for Single 
Hepatocellular Carcinomas Based On a Japanese 
Nationwide Survey. Surgery, 2008,143(4):469-475

72 Shindoh J, Makuuchi M, Matsuyama Y, et al. 
Complete Removal of the Tumor-Bearing Portal 
Territory Decreases Local Tumor Recurrence and 
Improves Disease-Specific Survival of Patients with 
Hepatocellular Carcinoma. J Hepatol, 2016,64(3):594-
600

73 Feng X, Su Y, Zheng S, et al. A Double Blinded 
Prospective Randomized Trial Comparing the Effect 
of Anatomic Versus Non-Anatomic Resection On 
Hepatocellular Carcinoma Recurrence. HPB (Oxford), 
2017,19(8):667-674

74  Zhao H, Chen C, Gu S, et al. Anatomical Versus Non-
Anatomical Resection for Solitary Hepatocellular 
Carcinoma without Macroscopic Vascular Invasion: A 
Propensity Score Matching Analysis. J Gastroenterol 
Hepatol, 2017,32(4):870-878

75  Zhong XP, Zhang YF, Mei J, et al. Anatomical 
versus Non-Anatomical Resection for Hepatocellular 
Carcinoma with Microscope Vascular Invasion: 
A Propensity Score Matching Analysis. J Cancer, 
2019,10(17):3950-3957

76  Hidaka M, Eguchi S, Okuda K, et al. Impact of 
Anatomical Resection for Hepatocellular Carcinoma 
with Microportal Invasion (vp1): A Multi-Institutional 
Study by the Kyushu Study Group of Liver Surgery. 
Ann Surg, 2020,271(2):339-346

77  Dahiya D, Wu TJ, Lee CF, et al. Minor Versus Major 
Hepatic Resection for Small Hepatocellular Carcinoma 
(HCC) in Cirrhotic Patients: A 20-Year Experience. 
Surgery, 2010,147(5):676-685

78  Zhang Y, Huang G, Wang Y, et al. Is Salvage Liver 
Resection Necessary for Initially Unresectable 
Hepatocellular Carcinoma Patients Downstaged 
by Transarterial Chemoembolization? Ten Years of 
Experience. Oncologist, 2016,21(12):1442-1449

79  Zhang Y, Zhang M, Chen M, et al. Association of 
Sustained Response Duration with Survival After 
Conventional Transarterial Chemoembolization in 
Patients with Hepatocellular Carcinoma. JAMA Netw 
Open, 2018,1(6):e183213

80  Kudo M, Finn RS, Qin S, et al. Lenvatinib Versus 
Sorafenib in First-Line Treatment of Patients 
with Unresectable Hepatocellular Carcinoma: A 
Randomised Phase 3 Non-Inferiority Trial. Lancet, 
2018,391(10126):1163-1173

81  Finn RS, Ikeda M, Zhu AX, et al. Phase Ib Study of 
Lenvatinib Plus Pembrolizumab in Patients with 
Unresectable Hepatocellular Carcinoma. J Clin Oncol, 
2020,38(26):2960-2970

82  Xu J, Shen J, Gu S, et al. Camrelizumab in Combination 
with Apatinib in Patients with Advanced Hepatocellular 



907Current Medical Science  43(5):2023

Carcinoma (RESCUE): A Nonrandomized, Open-Label, 
Phase II Trial. Clin Cancer Res, 2021,27(4):1003-1011

83  Ren Z, Xu J, Bai Y, et al. Sintilimab Plus a 
Bevacizumab Biosimilar (IBI305) Versus Sorafenib in 
Unresectable Hepatocellular Carcinoma (ORIENT-32): 
A Randomised, Open-Label, Phase 2-3 Study. Lancet 
Oncol, 2021,22(7):977-990

84  Zhang WW, Hu BY, Han J, et al. Preliminary report 
on the study of conversion therapy of advanced 
hepatocellular carcinoma combined PD-1 inhibitors 
with multitarget tyrosine kinase inhibitors. Chin J 
Hepatobil Surg (Chinese), 2020,26:947-948

85  Huang Y, Zhang Z, Zhou Y, et al. Should we Apply 
Sorafenib in Hepatocellular Carcinoma Patients with 
Microvascular Invasion After Curative Hepatectomy? 
Onco Targets Ther, 2019,12:541-548

86  Bruix J, Takayama T, Mazzaferro V, et al. Adjuvant 
Sorafenib for Hepatocellular Carcinoma After Resection 
Or Ablation (STORM): A Phase 3, Randomised, 
Double-Blind, Placebo-Controlled Trial. Lancet Oncol, 
2015,16(13):1344-1354

87  Fausto N, Laird AD, Webber EM. Liver Regeneration. 
2. Role of Growth Factors and Cytokines in Hepatic 
Regeneration. Faseb J, 1995,9(15):1527-1536

88  Michalopoulos GK, DeFrances M. Liver Regeneration. 
Adv Biochem Eng Biotechnol, 2005,93:101-134

89  Kato A, Bamba H, Shinohara M, et al. Relationship 
Between Expression of Cyclin D1 and Impaired Liver 
Regeneration Observed in Fibrotic Or Cirrhotic Rats. J 
Gastroenterol Hepatol, 2005,20(8):1198-1205

90  Nagasue N, Yukaya H, Ogawa Y, et al. Human Liver 
Regeneration After Major Hepatic Resection. A Study 
of Normal Liver and Livers with Chronic Hepatitis and 
Cirrhosis. Ann Surg, 1987,1:30-39

91  Yamanaka N, Okamoto E, Kawamura E, et al. Dynamics 
of Normal and Injured Human Liver Regeneration After 
Hepatectomy as Assessed On the Basis of Computed 
Tomography and Liver Function. Hepatology, 
1993,18(1):79-85

92  Taura K, Ikai I, Hatano E, et al. Influence of Coexisting 
Cirrhosis On Outcomes After Partial Hepatic Resection 
for Hepatocellular Carcinoma Fulfilling the Milan 
Criteria: An Analysis of 293 Patients. Surgery, 
2007,142(5):685-694

93  Wang Q, Fiel MI, Blank S, et al. Impact of Liver Fibrosis 
On Prognosis Following Liver Resection for Hepatitis 
B-associated Hepatocellular Carcinoma. Br J Cancer, 
2013,109(3):573-581

94 Sasaki K, Shindoh J, Margonis GA, et al. Effect 
of Background Liver Cirrhosis on Outcomes of 
Hepatectomy for Hepatocellular Carcinoma. JAMA 
Surg, 2017,152(3):e165059

95  Lee HW, Choi GH, Kim DY, et al. Less Fibrotic 
Burden Differently Affects the Long-Term Outcomes 
of Hepatocellular Carcinoma after Curative Resection. 
Oncology, 2017,93(4):224-232

96  Zhang EL, Li J, Li J, et al. Sub-Classification of Cirrhosis 
Affects Surgical Outcomes for Early Hepatocellular 
Carcinoma Independent of Portal Hypertension. Front 
Oncol, 2021,11:671313

97  Yamashita Y, Tsuijita E, Takeishi K, et al. Predictors for 
Microinvasion of Small Hepatocellular Carcinoma ≤ 2 
cm. Ann Surg Oncol, 2012,19(6):2027-2034

98  Matsumoto T, Kubota K, Aoki T, et al. Clinical Impact 
of Anatomical Liver Resection for Hepatocellular 
Carcinoma with Pathologically Proven Portal Vein 
Invasion. World J Surg, 2016, 40(2):402-411

(Received Feb. 23, 2023; accepted Mar. 31, 2023)


