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Purpose: When hepatocellular carcinoma (HCC) is closely associated with the left branch of the portal vein, there is still controversy 
regarding the surgical approach.
Methods: This study enrolled 330 HCC patients with tumors adjacent to the left branch of the portal vein. Among them, 85 patients 
underwent left hemihepatectomy (LH), while the remaining 235 underwent liver lobectomy (LL), which included left medial 
segmentectomy or left lateral sectionectomy. Perioperative complications, time to recurrence and overall survival (OS) were compared 
using propensity score matching.
Results: LH resulted in a lower 5-year recurrence rate and higher 5-year OS rate than LL (56.5% vs 74.0%, p=0.002; 67.4% vs 53.5%, 
p=0.029). The LL group showed a higher tendency for early recurrence (ER) and intrahepatic recurrence (IR). The cumulative IR rates at 
1- 3-, and 5-years for the LH group and the LL group were 17.0%, 36.7%, 45.1% and 33.8%, 57.1%, 63.7%, respectively, with a p-value 
of 0.007. There was no statistically significant difference in the cumulative ER rates between the two groups at 1-, 3-, and 5- years. 
Furthermore, the LH group and the LL group had similar perioperative complications, and no cases of liver failure occurred.
Conclusion: LH, compared to LL, reduced the IR rate and ER rate in HCC patients with tumor adjacent to the left branch of the portal vein. 
It improved the OS outcome of the patients, and there was no significant difference in perioperative complications between the two groups.
Keywords: hepatocellular carcinoma, left hemihepatectomy, liver lobectomy, propensity score matching, recurrence, overall survival

Introduction
Liver cancer is one of the most common and deadly malignancies, causing over 780,000 deaths worldwide each year.1 

Hepatocellular carcinoma (HCC) is the predominant histological type, accounting for approximately 80% of all liver 
cancers.2,3 For early to intermediate-stage HCC, anatomical liver resection is the preferred treatment for patients with 
good liver function, as it can effectively reduce intrahepatic metastasis by removing the portal vein system.2–6 However, 
there are still challenges regarding high postoperative recurrence rates and poor overall survival, especially in patients 
with perivascular HCC.7,8

When the tumor is located in the left medial lobe or left lateral lobe adjacent to the left branch of the portal vein, there 
are generally two surgical options: left hemihepatectomy (LH) or liver lobectomy (LL: left medial sectionectomy or left 
lateral sectionectomy).9,10 Currently, there is still controversy regarding which surgical approach is most suitable for this 

Journal of Hepatocellular Carcinoma 2023:10 2355–2366                                                 2355
© 2023 Bai et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Hepatocellular Carcinoma                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 25 October 2023
Accepted: 13 December 2023
Published: 27 December 2023

Jo
ur

na
l o

f H
ep

at
oc

el
lu

la
r 

C
ar

ci
no

m
a 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8467-2274
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


type of patient. LH can provide better surgical margins, but HCC patients often have underlying liver cirrhosis caused by 
hepatitis B or C, and excessive liver tissue resection may increase the risk of postoperative complications. On the other 
hand, LL often have surgical margins close to the tumor, which may increase the risk of recurrence and metastasis, 
affecting the long-term prognosis of these patients.11,12 Therefore, further evaluation is needed to assess the impact of 
these two surgical approaches on HCC patients with tumors adjacent to the left branch of the portal vein.

In this study, we retrospectively evaluated a group of HCC patients with tumor adjacent to the left branch of the portal 
vein who underwent LH or LL. We used propensity score matching (PSM) to match the clinical and pathological 
characteristics of these cases and compared the short-term and long-term outcomes of the two surgical approaches for 
HCC patients with involvement of major blood vessels.

Patients and Methods
This study consecutively enrolled a total of 3315 HCC patients who underwent liver resection at the Third Affiliated 
Hospital of Naval Medical University (Eastern Hepatobiliary Surgery Hospital) from January 2013 to December 2017. 
The inclusion criteria were as follows: (1) Pathologically confirmed as a solitary HCC; (2) Tumor located only in the left 
lateral lobe or left medial lobe; (3) The tumor is adjacent to the left branch of the portal vein, with a distance of less than 
1cm; (4) Liver function classified as Child-Pugh A or B7; (5) No major vascular invasion or extrahepatic metastasis; (6) 
Surgical resection classified as R0. Exclusion criteria: (1) Tumor not closely adjacent to the left branch of the portal vein; 
(2) Tumor involving both liver lobes (left lateral lobe and left medial lobe; left medial lobe and right anterior lobe or 
caudate lobe); (3) Multiple HCCs; (4) Surgical resection classified as R1 or R2; (5) Presence of portal vein tumor 
thrombus or hepatic vein tumor thrombus; (6) Incomplete clinical data. In the end, LH was performed on 85 HCC 
patients, while LL was conducted on 245 HCC patients. This study was approved by the hospital’s ethics committee 
(EHBHKY2021-K-036), and informed consent was obtained from each patient to use their data for scientific research.

Surgical Procedure
Standard preoperative examinations encompass liver function, renal function, coagulation function, tumor markers (AFP, 
CEA, CA19-9), HBV and HCV antigen/antibody, HBV-DNA, and a standard electrocardiogram. Patients with concurrent 
cardiac conditions undergo additional dynamic electrocardiogram and echocardiography. Imaging assessments comprise 
a chest X-ray or chest computed tomography (CT), abdominal ultrasound, and contrast-enhanced CT or magnetic 
resonance imaging (MRI) of the upper abdomen. Preoperative diagnosis follows the guidelines set by the American 
Association for the Study of Liver Diseases (AASLD).13

Liver resection surgeries are performed by our surgical team consisting of experienced surgeons (Y.F.S., W.P.Z., F.S., 
K.W., J.M.Yet al) with over ten years of expertise in liver operations. Anatomical resection is typically performed in 
patients with perivascular hepatocellular carcinoma. However, for patients with severe liver cirrhosis or tumors in 
peripheral locations, non-anatomical resection is performed.

Postoperative Follow-Up
Patients were scheduled for follow-up visits every 2 months during the initial 6-month period, and subsequently every 6 
months. Follow-up evaluations included monitoring peripheral blood tumor markers (such as AFP), ultrasound examina-
tions, and contrast-enhanced CT or MRI of the abdomen. Additional contrast-enhanced CT or MRI scans of the abdomen 
were conducted if tumor recurrence or metastasis was suspected. In cases where typical signs of liver cancer were detected 
on imaging, it was classified as intrahepatic recurrence or metastasis. PET-CT scans or bone scans were performed if 
necessary to confirm the diagnosis. The study endpoints were overall survival (OS) and time to recurrence (TTR). OS was 
calculated from the date of liver resection to the date of death or last follow-up, while TTR was calculated from the date of 
liver resection to the date of first HCC recurrence or last follow-up. Tumor progression is categorized as either intrahepatic 
or extrahepatic recurrence. Early recurrence was defined as recurrence within 2 years after surgery. Intrahepatic recurrence 
(IR) is defined as the appearance of new tumors within the liver, regardless of contact with the resection margin. 
Extrahepatic recurrence (ER) includes all metastasis lesions diagnosed outside the liver.14
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Statistical Analysis
The statistical analysis was performed using R software, version 4.0.0 (http://www.r-project.org). Categorical variables 
were presented as numbers (n) and percentages (%). For categorical variables, either the Chi-square test or Fisher’s exact 
test was used for comparisons, depending on the circumstances. Propensity score matching (PSM) using a 1:1 nearest- 
neighbor matching method was applied to adjust for confounding factors between the two groups based on baseline 
variables. Overall survival (OS) and time to recurrence (TTR) were calculated using the Kaplan-Meier method with Log 
rank tests. Univariate and multivariate Cox regression analyses were conducted to identify independent risk factors for 
OS and TTR. In the multivariate Cox regression model, variables with a significance level of P<0.05 in the univariate 
analysis were selected using forward stepwise variable selection. A statistical significance level of P<0.05 was considered 
in all analyses.

Results
Patient Characteristics
Inclusion and exclusion criteria for patients are presented in Figure 1. Among the included 330 patients, there were 85 
patients who underwent LH, and 245 patients who underwent LL. The median follow-up time was 58.4 months (range, 
6.3–75.6 months) in the LH group and 54.0 months (range, 3.0–73.5 months) in the LL group. Compared to patients who 
underwent LL, patients who underwent LH had a higher proportion of age <60 years (85.9% vs 72.7%), platelet count 
>100*10^9/mL (89.4% vs 78.4%), absence of ascites (97.6% vs 89.8%), and HCC located in the left medial section 
(48.2% vs 33.5%). To eliminate biases caused by baseline differences, we conducted PSM separately for the two groups. 
PSM was performed using a 1:1 nearest-neighbor matching method, resulting in 85 HCC patients being included in both 
the LH group and the LL group (Table 1).

Perioperative Outcomes
Perioperative outcomes of patients undergoing LH and LL are shown in Table 2. There were no significant 
differences between the LH group and the LL group in terms of pleural effusion, ascites, postoperative bleeding, 
surgical site infection, respiratory complications, postoperative liver failure, bile leakage, and postoperative 
mortality.

Recurrence and OS Before and After PSM
During the follow-up period, 22 out of 85 patients (22/85) who underwent LH died, while 87 out of 245 patients (87/245) 
who underwent LL died. The cumulative recurrence rates at 1-, 3-, and 5- years in the two groups were 21.4%, 46.6%, 
and 56.5% for the LH group, and 37.8%, 62.5%, and 69.7% for the LL group, respectively, with a P-value of 0.006 
(Figure 2A). The cumulative OS rates at 1-, 3-, and 5- years in the two groups were 96.4%, 85.8%, and 67.4% for the LH 
group, and 89.2%, 65.8%, and 54.9% for the LL group, respectively, with a P-value of 0.022 (Figure 2B). After PSM, 31 
deaths occurred in the LL group. The cumulative recurrence rates at 1-, 3-, and 5- years for the LH group were 21.4%, 
46.6%, and 56.5%, respectively, while for the LL group, they were 43.9%, 67.4%, and 74.0%, respectively, with 
a P-value of 0.002 (Figure 2C). The cumulative OS rates for the two groups at 1-, 3-, and 5- years were 96.4%, 
85.8%, and 67.4% for the LH group, and 91.6%, 64.4%, and 53.5% for the LL group, respectively, with a P-value of 
0.029 (Figure 2D).

Patterns of Recurrence After Liver Resection Before and After PSM
The patterns of recurrence in HCC patients are shown in Table 3, during the follow-up period, among the 85 
patients in the LH group, 43 patients experienced recurrence, including 31 cases of IR and 12 cases of ER. In the 
245 patients in the LL group, 153 patients experienced recurrence, including 113 cases of IR and 40 cases of ER. 
The cumulative rates of IR at 1-, 3-, and 5- years were 17.0%, 36.7%, and 45.1% in the LH group, and 29.8%, 
52.5%, and 57.9% in the LL group, respectively (P=0.015) (Figure 3A). The cumulative rates of ER at 1-, 3-, and 5- 
years were 5.3%, 16.7%, and 20.7% in the LH group, and 11.3%, 21.0%, and 28.0% in the LL group, respectively 
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(P=0.220) (Figure 3B). In the LH group, there were 29 cases of early recurrence, while the LL group had 121 cases 
of early recurrence. Compared to the LL group, the LH group achieved a lower rate of early recurrence (34.1% vs 
49.3%, p=0.021). (Table 3) After PSM, 85 patients were included in each group. In the LL group, 57 out of 85 
patients (57/85) experienced recurrence, including 41 cases of IR and 16 cases of ER (Table 3). The cumulative IR 
rates at 1-, 3-, and 5- years for the LH group were 17.0%, 36.7%, and 45.1%, respectively, while for the LL group, 
they were 33.8%, 57.1%, and 63.7%, respectively, with a P-value of 0.007 (Figure 3C). The cumulative ER rates for 
the two groups were 5.3%, 16.7%, and 20.7% for the LH group, and 15.2%, 24.1%, and 28.3% for the LL group at 
1-, 3-, and 5- years, respectively, with a P-value of 0.120 (Figure 3D). In the LH group, there were 29 cases of early 
recurrence, while the LL group had 45 cases of early recurrence. Compared to the LL group, the LH group achieved 
a lower rate of early recurrence (34.1% vs 52.9%, p=0.020) (Table 3).

Figure 1 Flow chart of patient’s inclusion.
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Table 1 Basal Clinicopathological Characteristics of HCC Patients Before and After PSM

Variable Before PSM After PSM

LH (n =85) LL (n = 245) P LH (n = 85) LL (n = 85) P

Age, Year 0.021 0.233

≤60 73 (85.9) 178 (72.7) 73 (85.9) 66 (77.6)
>60 12 (14.1) 67 (27.3) 12 (14.1) 19 (22.4)

Gender 0.822 1.000

Male 72 (84.7) 203 (82.9) 72 (84.7) 73 (85.9)
Female 13 (15.3) 42 (17.1) 13 (15.3) 12 (14.1)

Child-Pugh 0.467 0.406

A 81 (95.3) 228 (93.1) 81 (95.3) 83 (97.6)
B7 4 (4.7) 17 (6.9) 4 (4.7) 2 (2.4)

HBsAg 0.255 1.000

Negative 11 (12.9) 47 (19.2) 11 (12.9) 12 (14.1)
Positive 74 (87.1) 198 (80.8) 74 (87.1) 73 (85.9)

HBV-DNA, IU/mL 0.326 0.101

≤2000 63 (74.1) 165 (67.6) 63 (74.1) 52 (61.2)
>2000 22 (25.9) 79 (32.4) 22 (25.9) 33 (38.8)

TBIL, μmol/L 0.950 0.206

≤17 61 (71.8) 173 (70.6) 61 (71.8) 69 (81.2)
>17 24 (28.2) 72 (29.4) 24 (28.2) 16 (18.8)

ALB, g/L 0.409 0.239

≤40 21 (24.7) 74 (30.2) 21 (24.7) 29 (34.1)
>40 64 (75.3) 171 (69.8) 64 (75.3) 56 (65.9)

ALT, U/L 0.512 0.735

≤50 59 (69.4) 181 (73.9) 59 (69.4) 62 (72.9)
>50 26 (30.6) 64 (26.1) 26 (30.6) 23 (27.1)

PT, S 0.691 1.000
≤13 74 (87.1) 207 (84.5) 74 (87.1) 73 (85.9)

>13 11 (12.9) 38 (15.5) 11 (12.9) 12 (14.1)

PLT, *109/mL 0.037 0.061
≤100 9 (10.6) 53 (21.6) 9 (10.6) 2 (2.35)

>100 76 (89.4) 192 (78.4) 76 (89.4) 83 (97.6)

NLR 0.450 1.000
≤2.5 62 (72.9) 166 (67.8) 62 (72.9) 62 (72.9)

>2.5 23 (27.1) 79 (32.2) 23 (27.1) 23 (27.1)

AFP, ng/mL 0.909 0.637
≤400 54 (63.5) 152 (62.0) 54 (63.5) 50 (58.8)

>400 31 (36.5) 93 (38.0) 31 (36.5) 35 (41.2)

Ascites 0.041 1.000
No 83 (97.6) 220 (89.8) 83 (97.6) 83 (97.6)

Yes 2 (2.35) 25 (10.2) 2 (2.35) 2 (2.35)

Transfusion 0.741 0.765
No 80 (94.1) 226 (92.2) 80 (94.1) 78 (91.8)

Yes 5 (5.88) 19 (7.76) 5 (5.88) 7 (8.24)

Hepatic portal block, min 0.449 1.000
≤20 67 (78.8) 204 (83.3) 67 (78.8) 67 (78.8)

>20 18 (21.2) 41 (16.7) 18 (21.2) 18 (21.2)

Tumor location 0.022 1.000
Left lateral section 44 (51.8) 163 (66.5) 44 (51.8) 44 (51.8)

Left medial section 41 (48.2) 82 (33.5) 41 (48.2) 41 (48.2)

(Continued)
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Table 1 (Continued). 

Variable Before PSM After PSM

LH (n =85) LL (n = 245) P LH (n = 85) LL (n = 85) P

Tumor diameter, cm 0.763 1.000

≤5 56 (65.9) 155 (63.3) 56 (65.9) 55 (64.7)
>5 29 (34.1) 90 (36.7) 29 (34.1) 30 (35.3)

Tumor capsule 0.944 0.261

Complete 34 (40.0) 101 (41.2) 34 (40.0) 26 (30.6)
Incomplete 51 (60.0) 144 (58.8) 51 (60.0) 59 (69.4)

Microvascular invasion 0.449 0.394

Negative 64 (75.3) 172 (70.2) 64 (75.3) 58 (68.2)
Positive 21 (24.7) 73 (29.8) 21 (24.7) 27 (31.8)

Cirrhosis 0.583 1.000

No 23 (27.1) 76 (31.0) 23 (27.1) 22 (25.9)
Yes 62 (72.9) 169 (69.0) 62 (72.9) 63 (74.1)

Edmondson-Steiner grade 0.580 0.422

I–II 33 (38.8) 85 (34.7) 33 (38.8) 27 (31.8)
III–VI 52 (61.2) 160 (65.3) 52 (61.2) 58 (68.2)

Abbreviations: HCC, hepatocellular carcinoma; PSM, propensity score matching; LH, left hepatectomy; LL, left medial segmentectomy or left 
lateral sectionectomy; HBV-DNA, hepatitis B virus-deoxyribonucleic acid; TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; PT, 
prothrombin time; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; AFP, alpha fetoprotein.

Table 2 Perioperative Outcomes of HCC According to the Operative 
Procedure

Variable LH (n =85) LL (n = 245) P

Pleural effusion 0.300

No 84 235

Yes 1 10
Ascites 0.776

No 80 233

Yes 5 12
Postoperative bleeding 1.000

No 82 236

Yes 3 9
Surgical site infection 0.649

No 83 241

Yes 2 4
Respiratory complication 0.761

No 81 235

Yes 4 10
Posthepatectomy liver failure 1.000

No 85 245

Yes 0 0
Bile leakage 0.721

No 82 238

Yes 3 7
Mortality 1.000

No 85 245

Yes 0 0
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Treatment-Related Prognostic Factors
In the multivariate analysis of all patients (n=330), factors associated with recurrence were LL (hazard ratio [HR], 1.74; 
95% CI, 1.23–2.46; p=0.002), positive HBsAg (HR, 1.57; 95% CI, 1.05–2.35; p=0.029), ALT ≥ 44 U/L (HR, 1.43; 95% 
CI, 1.05–1.94; p=0.025), tumor diameter ≥ 5cm (HR, 1.84; 95% CI, 1.37–2.46; p<0.001), incomplete tumor capsule (HR, 
1.46; 95% CI, 1.08–1.98; p=0.013), and positive MVI (HR, 1.58; 95% CI, 1.16–2.16; p=0.004) were independent risk 
factors for recurrence (Table 4).

LL (HR, 1.63; 95% CI, 1.02–2.63; p=0.043), tumor diameter ≥ 5cm (HR, 1.95; 95% CI, 1.33–2.87; p=0.001), 
incomplete tumor capsule (HR, 1.79; 95% CI, 1.19–2.70; p=0.006), and positive MVI (HR, 1.91; 95% CI, 1.28–2.84; 
p=0.001) were independent risk factors for OS (Table 5).

Figure 2 Kaplan-Meier analysis of recurrence and OS rates for hepatocellular carcinoma (HCC) patients who underwent LL or LH before and after PSM. (A and B) Tumor 
recurrence and OS rates for HCC patients who underwent LL or LH before PSM. (C and D) Tumor recurrence and OS rates for HCC patients who underwent LL or LH 
after PSM. 
Abbreviations: Yanfu SunOS, overall survival; LL, left medial segmentectomy or left lateral sectionectomy; LH, left hepatectomy; PSM, propensity score matching.
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Discussion
This study confirms that for HCC patients with tumors adjacent to the portal vein, LH provides lower recurrence rates 
and better OS outcomes compared to LL. It reduces intrahepatic recurrence and early recurrence rates without increasing 
perioperative complications. This is the first article to report on the short-term and long-term effects of different surgical 
approaches on HCC patients with tumors adjacent to the portal vein.

The surgical treatment of HCC aims to completely remove the tumor to achieve pathological negativity, clear any 
possible invasion of blood vessels and adjacent organs, and/or prevent potential intrahepatic or extrahepatic 
metastasis beyond the tumor.15 When patients have good liver function, anatomical liver resection is the preferred 
surgical approach for early-to-intermediate stage liver cancer, as it effectively reduces intrahepatic recurrence by 
removing the portal vein system and improves overall survival.15–19 However, the surgical margin is also a key 
factor affecting long-term prognosis in patients undergoing anatomical liver resection.20,21 Zhang et al study showed 
that among MVI-positive HCC patients undergoing anatomical liver resection, those with a surgical margin less than 
1 cm had poorer 1-, 3-, and 5-year recurrence-free survival rates and overall survival rates compared to patients with 
a surgical margin greater than 1 cm.20 When tumors are adjacent to major blood vessels, LL often does not provide 
an ideal surgical margin as important vascular structures need to be preserved, resulting in poorer long-term 
prognosis for patients. In this study, the 1-, 3-, and 5- years recurrence rates were 21.4%, 46.6%, and 56.5% for 
the LL group and 43.9%, 67.4%, and 74.0% for the LH group. The 1-, 3-, and 5- years overall survival rates were 
96.4%, 85.8%, and 67.4% for the LL group and 91.6%, 64.4%, and 53.5% for the LH group, showing statistically 
significant differences. Multivariate Cox regression analysis also confirmed that LL was an independent risk factor 
influencing recurrence and overall survival in HCC patients with tumors adjacent to the left portal vein. These 
results provide guidance for the selection of surgical approaches in clinical practice. If the tumor is adjacent to the 
left portal vein and liver function allows, LH is recommended.

The LH group, compared to the LL group, showed a reduction in early recurrence rate. After propensity score 
matching (PSM), 52.9% of the recurrence cases in the LL group were early recurrences, while only 34.1% of the 
cases in the LH group were early recurrences. The LH group also demonstrated a lower intrahepatic recurrence rate. 
After PSM, among 85 patients who underwent LL, 41 experienced intrahepatic recurrence, whereas among 85 
patients who underwent LH, only 31 experienced intrahepatic recurrence. Moreover, the LH group had lower 1-, 3-, 
and 5- years intrahepatic recurrence rates compared to the LL group. These results may be attributed to the reason 
that some microsatellite nodules that form through the peritumor portal system may not be detected on pretreatment 
imaging and therefore cannot be effectively removed by lobectomy. This is because only the tumor and some of the 

Table 3 Patterns of Recurrence After Different Liver Resection

Parameters n(%)

Before PSM After PSM

LL (n =245) LH (n = 85) P LL (n = 85) LH (n = 85) P

No. of recurrent cases 153(62.4) 43(50.5) 0.073 57(67.1) 43(50.5) 0.042

Time to recurrence, months

≤24 121(49.3) 29(34.1) 0.021 45(52.9) 29(34.1) 0.020
Type of recurrence

Intrahepatic 113(46.1) 31(36.5) 0.155 41(48.2) 31(36.5) 0.025

Extrahepatic† 40(16.3) 12(14.1) 0.757 16(18.8) 12(14.1) 0.535
Recurrence 0.006 0.002

1-year recurrence rate, % 37.8 21.4 43.9 21.4

3-year recurrence rate, % 62.5 46.6 67.4 46.6
5-year recurrence rate, % 69.7 56.5 74.0 56.5

Note: †calculated in patients with extrahepatic only and intra- plus extrahepatic recurrences. 
Abbreviations: PSM, propensity score matching; LH, left hepatectomy; LL, left medial segmentectomy or left lateral sectionectomy.
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surrounding liver tissue are removed, while most of the liver segments carrying the tumor are not removed. LH 
group removing more liver tissue close to the tumor, thus clearing potential intrahepatic recurrence foci and 
microvascular invasion.14,22,23

In this study, there was no statistically significant difference in perioperative complications between the two groups of 
patients. This is because both the LH and LL are well-established surgical procedures. Additionally, the LH involves 
removing only approximately 30% of the total liver volume, which is relatively smaller compared to the right 
hepatectomy. Surasak et al analyzed 155 cases of donor livers and found that the average volume ratios of the left 
lateral lobe, left medial segment, caudate lobe, right anterior segment, and right posterior segment were 17%, 14%, 2%, 
37%, and 30%, respectively.24 Therefore, in patients with Child-Pugh A or B7 liver function, the left hepatectomy does 
not increase the risk of postoperative liver failure.

This study has the following limitations: Firstly, it is a retrospective study, which has inherent limitations. Better 
designed prospective studies should be conducted to further evaluate the impact of LH and LL on these patients. 

Figure 3 Kaplan-Meier analysis of cumulative IR and ER rates for hepatocellular carcinoma (HCC) patients who underwent LL or LH before and after PSM. (A and B) 
Cumulative IR and ER rates for HCC patients who underwent LL or LH before PSM. (C and D) Cumulative IR and ER rates for HCC patients who underwent LL or LH after 
PSM. 
Abbreviations: OS, overall survival; LL, left medial segmentectomy or left lateral sectionectomy; LH, left hepatectomy; PSM, propensity score matching; IR, intrahepatic 
recurrence; ER, extrahepatic recurrence.
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Table 4 Univariate and Multivariate Cox Regression Analysis of Recurrence in HCC Patients 
Before PSM

Variable Before PSM

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age, Years, > vs ≤60 0.88(0.63–1.23) 0.458

Gender, Female vs Male 0.86(0.58–1.26) 0.432
Child-Pugh, B7 vs A 1.32(0.79–2.20) 0.289

HBsAg, Positive vs Negative 1.50(1.01–2.22) 0.045 1.57(1.05–2.35) 0.029

HBV-DNA level, IU/mL, ≥ vs <2000 1.19(0.88–1.60) 0.259
TBIL, μmol/L, ≥ vs <17 1.11(0.82–1.51) 0.491

ALB, g/L, ≥vs < 35 0.69(0.51–0.92) 0.013 0.76(0.56–1.02) 0.070

ALT, U/L, ≥ vs < 44 1.49(1.10–2.01) 0.010 1.43(1.05–1.94) 0.025
PT, S, ≥ vs <13 1.30(0.90–1.89) 0.159

PLT, *109/mL, ≥ vs <100 1.02(0.71–1.45) 0.927

NLR, ≥ vs <2.5 0.89(0.65–1.21) 0.448
AFP, ng/mL, ≥ vs <400 1.32(0.99–1.75) 0.060

Ascites, Yes vs No 1.40(0.87–2.25) 0.166

Transfusion, Yes vs No 1.31(0.80–2.15) 0.290
Hepatic portal block, min ≥ vs <20 1.27(0.90–1.81) 0.177

Tumor location, 4 vs 2/3 0.93(0.69–1.24) 0.600

Tumor diameter, cm, ≥ vs <5 1.90(1.43–2.51) <0.001 1.84(1.37–2.46) <0.001
Tumor capsule, Incomplete vs Complete 1.40(1.05–1.87) 0.024 1.46(1.08–1.98) 0.013

MVI, Positive vs Negative 1.77(1.31–2.39) <0.001 1.58(1.16–2.16) 0.004

Cirrhosis, Yes vs No 1.15(0.84–1.57) 0.380
Edmondson-Steiner grade, III/IV vs I/II 1.43(1.06–1.93) 0.020 1.07(0.78–1.48) 0.660

Surgical procedure, LL vs LH 1.59(1.13–2.23) 0.007 1.74(1.23–2.46) 0.002

Abbreviations: HCC, hepatocellular carcinoma; PSM, propensity score matching; LH, left hepatectomy; LL, left medial 
segmentectomy or left lateral sectionectomy; HBV-DNA, hepatitis B virus-deoxyribonucleic acid; TBIL, total bilirubin; ALB, 
albumin; ALT, alanine aminotransferase; PT, prothrombin time; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; AFP, alpha 
fetoprotein.

Table 5 Univariate and Multivariate Cox Regression Analysis of Overall Survival in HCC Patients 
Before PSM

Variable Before PSM

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age, Years, > vs ≤60 0.97(0.62–1.51) 0.894
Gender, Female vs Male 0.86(0.51–1.47) 0.588

Child-Pugh, B7 vs A 1.55(0.81–2.98) 0.184

HBsAg, Positive vs Negative 1.26(0.75–2.11) 0.390
HBV-DNA level, IU/mL, ≥ vs <2000 0.94(0.61–1.43) 0.765

TBIL, μmol/L, ≥ vs <17 0.97(0.64–1.48) 0.891

ALB, g/L, ≥vs < 35 0.86(0.57–1.30) 0.488
ALT, U/L, ≥ vs < 44 1.37(0.92–2.05) 0.124

PT, s, ≥ vs <13 1.22(0.74–2.03) 0.441

PLT, *109/mL, ≥ vs <100 1.25(0.75–2.08) 0.387
NLR, ≥ vs <2.5 1.30(0.88–1.94) 0.188

AFP, ng/mL, ≥ vs <400 1.24(0.84–1.82) 0.273

(Continued)
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Secondly, the majority of patients in this study had HCC associated with hepatitis B infection, and it is uncertain whether 
the results obtained in this study can be extrapolated to HCC related to hepatitis C or alcohol. Lastly, although a single- 
center study can achieve standardization of surgical approaches, the fact that this study is conducted at a single center is 
also a limitation as it may limit the generalizability of our findings.

In conclusion, LH compared to LL, reduces the intrahepatic recurrence rate and early recurrence rate in HCC patients 
with involvement of the left branch of the portal vein. It improves the overall survival outcome of patients, and there is 
no significant difference in perioperative complications between the two procedures.
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Table 5 (Continued). 

Variable Before PSM

Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Ascites, Yes vs No 2.13(1.21–3.73) 0.009 1.62(0.89–2.94) 0.113
Transfusion, Yes vs No 2.08(1.19–3.65) 0.011 1.64(0.90–2.97) 0.104

Hepatic portal block, min ≥ vs <20 1.08(0.66–1.75) 0.765

Tumor location, 4 vs 2/3 0.88(0.59–1.30) 0.512
Tumor diameter, cm, ≥ vs <5 2.07(1.42–3.03) <0.001 1.95(1.33–2.87) 0.001

Tumor capsule, Incomplete vs Complete 1.76(1.18–2.64) 0.006 1.79(1.19–2.70) 0.006

MVI, Positive vs Negative 2.25(1.52–3.33) <0.001 1.91(1.28–2.84) 0.001
Cirrhosis, Yes vs No 1.02(0.68–1.54) 0.916

Edmondson-Steiner grade, III/IV vs I/II 1.49(0.98–2.26) 0.062

Surgical procedure, LL vs LH 1.72(1.08–2.76) 0.023 1.63(1.02–2.63) 0.043

Abbreviations: HCC, hepatocellular carcinoma; PSM, propensity score matching; LH, left hepatectomy; LL, left medial 
segmentectomy or left lateral sectionectomy; HBV-DNA, hepatitis B virus-deoxyribonucleic acid; TBIL, total bilirubin; ALB, 
albumin; ALT, alanine aminotransferase; PT, prothrombin time; PLT, platelet; NLR, neutrophil-to-lymphocyte ratio; AFP, alpha 
fetoprotein.
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