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Abstract
Purpose To analyze the long-term oncological outcomes of Barcelona Clinic Liver Cancer (BCLC) stages 0–A hepatocel-
lular carcinoma (HCC) patients associated with or without microvascular invasion (MVI) treated with laparoscopic versus 
laparotomic liver resection.
Methods Clinicopathological data of HCC patients with BCLC stages 0–A from four medical centers were retrospectively 
reviewed. The survival outcomes of patients who underwent laparoscopic hepatectomy were compared with those who 
underwent laparotomic hepatectomy. Subgroup analyses in terms of MVI were further performed to explore the effect of 
surgical approaches on the long-term survival outcomes. Propensity score matching (PSM) analysis was used to match 
patients between the laparoscopic and laparotomic resection groups in a 1:1 ratio.
Results 495 HCC patients at BCLC stages 0–A were enrolled, including 243 in the laparoscopic resection group and 252 in 
the laparotomic resection group. Laparoscopic resection group had a shorter operation time, less blood loss, a lower frequency 
of blood transfusion and postoperative complication rates. The laparoscopic resection group had a significantly better overall 
survival (OS) and recurrence-free survival (RFS) than the laparotomic resection group before and after PSM. Subgroup 
analysis demonstrated that OS and RFS of patients without MVI were remarkably better in the laparoscopic resection group 
compared with the laparotomic resection group. However, no significant differences in OS and RFS between the two groups 
were found in patients with MVI after PSM.
Conclusions Pure laparoscopic hepatectomy for patients with BCLC stages 0–A HCC can be performed safely with favorable 
perioperative and long-term oncological outcomes at high-volume liver cancer centers, regardless of the presence of MVI.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon primary malignancies with a poor prognosis. In 2020, 
HCC accounted for approximately 900,000 new cases 
and was responsible for more than 830,000 deaths, rank-
ing seventh and second, respectively, for all cancers [1]. 
Microvascular invasion (MVI), defined as the presence of 
cancer cell clusters in blood vessels with endothelial cell 
linings under microscope, is common in HCC. It indicates 
aggressive biological behavior of HCC and is associated 
with poor prognosis after hepatectomy or transplantation 
[2].

Barcelona Clinic Liver Cancer (BCLC) staging system 
has been proposed to provide a clinical classification of 
HCC. This staging system incorporates important clinical 
information regarding tumor burden, liver function and 
general health status of patients, and it is recommended 
for treatment allocation and prognostic prediction [3]. 
For HCC patients at BCLC stages 0–A, liver resection is 
the most effective and promising treatment option, with 
acceptable overall survival (OS) and recurrence-free sur-
vival (RFS) rates [4–6].

Currently, both laparoscopic and laparotomic hepatec-
tomy are both safe and feasible surgical methods for HCC 
patients. Laparotomic liver resection has traditionally been, 
and now is still the gold standard operation type to treat 
HCC. Laparoscopic liver resection has gained wide accept-
ance among liver surgeons and established as a safe alterna-
tive to open resection since this procedure was first reported 
in 1991 [7]. Compared with open liver resection, the main 
advantage of laparoscopic resection is minimal invasiveness 
and faster postoperative recovery [8]. Multiple retrospective 
studies have confirmed the safety and efficacy of laparo-
scopic resection applied in HCC patients. Twaij et al. [9] 
and Zhou et al. [10] reported that laparoscopic resection was 
superior to open resection in terms of perioperative results 
and did not compromise the oncological outcomes, suggest-
ing the emergence of the era of laparoscopic hepatectomy.

It is a general consensus that laparoscopic hepatectomy 
confers better perioperative outcomes than laparotomic 
resection, but the long-term survival outcomes follow-
ing these two surgical approaches are still controversial 
[11–14]. Previous published studies have several limita-
tions, such as single-center experience and small sample 
size, making it not conducive to assess the therapeutic 
effect. Moreover, whether different surgical approaches 
have a significant effect on the postoperative oncological 
outcomes of patients with HCC associated with or without 
MVI still lacks evidence-based research.

In our study, the patients’ cohort from four medi-
cal centers in China was established based on different 

surgical approaches (laparoscopic and laparotomic liver 
resection). The aim of this study is to analyze and compare 
the perioperative outcomes and long-term prognoses of 
HCC patients associated with or without MVI at BCLC 
stages 0–A who were treated with laparoscopic or open 
liver resection, providing a higher level of clinical evi-
dence using propensity score matching (PSM) analysis.

Methods

Patient selection

The study was conducted on consecutive HCC patients 
who underwent either laparoscopic liver resection or open 
liver resection at four high-volume hospitals, the Eastern 
Hepatobiliary Surgery Hospital (EHBH), Fujian Provincial 
Hospital (FPH), Changzhou People’s Hospital (CZPH), and 
Affiliated Tumor Hospital of Guangxi Medical University 
(ATHGMU) from March 2015 to February 2018. The clini-
cal and pathological data of patients were retrospectively 
retrieved from medical electronic systems and prospectively 
maintained in a central database. This study was performed 
in accordance with the Declaration of Helsinki (as revised 
in 2013) and was approved by the Clinical Research Eth-
ics Committees of the EHBH, FPH, CZPH, and ATHGMU. 
Written informed consent for clinical research was obtained 
from all the patients prior to enrollment.

Patients with BCLC stages 0–A HCC who underwent 
complete liver resection were included in this study. The 
inclusion criteria were as follows: (I) age 18–75 years; (II) 
no history of previous major abdominal surgery or other 
malignant diseases; (III) no previous treatment for HCC 
before liver resection. These patients were divided into the 
laparoscopic and laparotomic hepatectomy groups on the 
basis of surgical operations. The choice of the surgical meth-
ods was based on the patient’s wish after full discussion 
with the operating surgeon. All laparoscopic operations were 
performed by experienced surgeons who had surpassed the 
learning curves for laparoscopic liver resection.

Diagnostic standard of HCC and MVI

The diagnosis of HCC was based on the guidelines for Diag-
nosis and Treatment of Primary Hepatocellular Carcinoma 
[15]. The diagnosis of MVI was determined by histopatho-
logical examination of the resected surgical specimens. Gen-
erally, two experienced pathologists independently evaluated 
MVI status by observing hematoxylin eosin (HE)-stained 
slices under microscope. If the MVI status was not con-
clusive, special immunohistochemical staining was used to 
identify the vessel walls, such as CD31, CD34 (vascular 
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endothelium), SMA (vascular smooth muscle layer), and 
Podoplanin (lymphatic endothelium) [16–18].

Preoperative assessment

Routine preoperative investigations were consisted of medi-
cal history taking, hepatitis B serology, full blood counts, 
liver and renal function tests, blood glucose, serum alpha-
fetoprotein (AFP), and coagulation tests. Imaging examina-
tions included plain radiography or computed tomography 
(CT) scan of the chest, abdominal ultrasonography (US), 
contrast-enhanced CT, and/or magnetic resonance imag-
ing (MRI), to evaluate tumor resectability. All cases were 
discussed at weekly multidisciplinary treatment (MDT) 
meetings which included liver surgeons, hepatologists, gas-
troenterologists, interventional radiologists, and medical 
oncologists. The patients were prepared for surgery after a 
consensus was reached on tumor resectability at the multi-
disciplinary conferences.

Surgical procedure

The laparoscopic hepatectomy was performed as previously 
reported [19, 20]. The patient was placed in a supine posi-
tion with full exposure to the tumor. The camera port was 
placed above or on the right side of the umbilicus under 
direct version. Carbon dioxide pneumoperitoneum pressure 
was maintained at 12–14 mmHg, and three or four addi-
tional ports were used. Intraoperative US was routinely 
used to guide the resection planes. The operative site was 
mainly determined by the location of the tumor. The liver 
was prelabeled with an ultrasonic knife. Parenchymal tran-
section was performed by combination of ultrasonic shears 
(harmonic scalpel; Ethicon Endo-Surgery Inc., Cincinnati, 
OH, USA), Cavitron ultrasonic surgical aspirator (CUSA; 
ValleyLab Inc., Boulder, CO, USA), and LigaSure (Valley-
Lab Inc.). Large vessels were secured by Hem-O-lock clips 
(Teleflex Medical, Research Triangle Park, NC, USA). The 
resected tumor specimens were placed into a retrieval bag 
and extracted through an enlarged incision site. Fibrin glue 
sealant (Greenplast, Green Cross Corp., Seoul, Korea) was 
applied to the cut surface of the liver, and a drainage tube 
was placed after hemostasis.

The open liver resection was performed using the tech-
niques described previously [5]. The patient was placed 
in a supine position and surgery was performed through 
a right subcostal incision with upward midline extension. 
The scope of resection depended on tumor size and residual 
liver volume. General abdominal evaluation was carried 
out to exclude metastasis, and liver evaluation was done to 
determine tumor’s location and size, proximity to adjacent 
vessels, and to exclude multiplicity of tumors by manual 
palpation and intraoperative US. Parenchymal transection 

was performed using an ultrasonic scalpel. Pringle’s maneu-
ver and infrahepatic vena cava clamping were performed as 
necessary.

Follow‑up

All patients were followed up once every 2 months dur-
ing the first year after hospital discharge, and once every 
3 months thereafter, until death or dropout from the follow-
up program. Follow-up examinations included laboratory 
results [white blood cell (WBC) count, hemoglobin, platelets 
count, serum total bilirubin, albumin (ALB), aspartate ami-
notransferase (AST), glucose, creatinine, AFP, prothrombin 
time (PT)], abdominal US, contrast-enhanced CT or MRI. 
HCC recurrence was diagnosed based upon CT or MRI 
findings, and elevated serum AFP levels. The patients were 
regularly followed up once every 3–6 months if there was no 
evidence of recurrence until 5 years after surgery. The study 
was censored on June 30, 2021.

Study outcomes

The primary outcomes of this study were long-term onco-
logical outcomes of OS and DFS. Intraoperative outcomes, 
including blood loss, blood transfusion, operation time, and 
postoperative short-term outcomes, including length of hos-
pital stay and postoperative complications, were considered 
as secondary outcomes.

Definitions

Surgical resection margin was defined as the shortest meas-
ured distance from the edge of the tumor to the plane of liver 
transection [21]. In this study, it was classified as wide and 
narrow resection margin based on a cutoff of 1 cm. Ana-
tomical and non-anatomical resections were defined on the 
basis of the Brisbane 2000 Nomenclature of Liver Anatomy 
and Resections [22]. Major liver resection was defined as a 
resection of three or more Couinaud liver segments; other-
wise, it was classified as a minor liver resection. Postopera-
tive liver failure was defined as a serum total bilirubin level 
exceeding 50 μmol/L and prothrombin time lower than 50% 
on postoperative day 5 [23]. The definition of bile leakage 
was based on the criteria of the International Study Group 
of Liver Surgery [24]. OS was calculated from the date of 
surgery to the date of death or the last documented visit. 
RFS was defined as the time interval between surgery and 
the first diagnosis of HCC recurrence or the last follow-up.

Statistical analysis

Continuous variables with a normal distribution were pre-
sented as mean ± standard deviation (SD), and the Student’s 
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t test was used to compare differences between groups. 
Skewed distributed continuous variables were expressed as 
median with interquartile range (IQR), and the Mann–Whit-
ney U test was applied. Categorical data were shown as fre-
quencies and percentages, and compared using Chi-square 
test or Fisher’s exact probability test as appropriate.

Propensity score matching (PSM) analysis was used to 
minimize the potential confounders and selection bias and 
balance the patient baseline characteristics between groups. 
The propensity score was estimated for each patient using 
a multivariate logistic regression model, and a 1:1 group 
matching was performed using the nearest-neighbor match-
ing method without replacement. Variables including age, 
sex, body mass index (BMI), hepatitis B virus (HBV) infec-
tion, antiviral therapy, hypertension, diabetes mellitus (DM), 
cirrhosis, tumor diameter, MVI, resection margin, WBC, 
hemoglobin, platelets, total bilirubin, ALB, AST, blood 
glucose, creatinine, serum AFP and PT were matched. A 
caliper width of 0.2 standard deviations was set to prevent 
poor matching.

The Kaplan–Meier method was used for survival analy-
ses, and log-rank test was conducted to compare differences. 
Univariate regression analysis was used to explore potential 
risk factors associated with OS and RFS. The statistically 
significant variables in univariate analysis were further 
incorporated into multivariate analysis. In the Cox propor-
tional hazards regression model, independent prognostic 
factors were screened out by a backward stepwise selection 
process with likelihood ratio (LR) method. A p value less 

than 0.05 was considered to be statistically significant in 
our study.

All statistical analyses were performed using R program 
(version 3.6.3, R foundation for Statistical Computing, 
Vienna, Austria) with the Survival and Survminer packages.

Results

Baseline characteristics of the patients

Of the 1104 consecutive HCC patients who underwent 
hepatectomy during the study period, 435 underwent lapa-
roscopic hepatectomy, 669 underwent open liver resection. 
As shown in Fig. 1, after excluding 609 patients with BCLC 
stages B–C, 495 HCC patients with BCLC stage 0 or A, 
including 243 in the laparoscopic liver resection group and 
252 in the open liver resection group, were enrolled into this 
study. After PSM, 378 patients (189 patients in each group) 
were matched (Fig. 1).

The baseline clinicopathological characteristics of HCC 
patients before PSM are shown in Table 1. Compared with 
the open liver resection group, the laparoscopic liver resec-
tion group had fewer diabetes (16.0% vs. 24.2%, p = 0.032), 
a lower percentage of tumor diameter > 5 cm (42.0% vs. 
61.9%, p < 0.001), more positive MVI status (45.7% vs. 
35.3%, p = 0.024), more wide resection margin (39.1% 
vs. 28.6%), a higher percentage of WBC count > 4 ×  109/L 
(90.5% vs. 83.7%, p = 0.034), a lower percentage of AST 

Fig. 1  Study design frame, patient selection and PSM method. HCC hepatocellular carcinoma, BCLC Barcelona Clinic Liver Cancer, PSM pro-
pensity score matching
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Table 1  Baseline clinicopathological characteristics of HCC patients before and after PSM analysis

Characteristics Before PSM After PSM

Laparoscopic group
(n = 243)

Laparotomic group
(n = 252)

p value Laparoscopic group
(n = 189)

Laparotomic group
(n = 189)

p value

Age (year) 59.0 (50.0–66.0) 60.0 (51.0–68.0) 0.347 59.0 (50.0–66.0) 59.0 (50.0–66.0) 0.965
Sex, male 202 (83.1%) 217 (86.1%) 0.426 159 (84.1%) 162 (85.7%) 0.774
BMI (kg/m2) 22.9 (20.9–25.0) 22.3 (20.3–24.8) 0.144 22.8 (20.9–24.9) 22.5 (20.3–25.0) 0.524
HBV infection 188 (77.4%) 208 (82.5%) 0.185 154 (81.5%) 157 (83.1%) 0.788
Antiviral therapy 75 (30.9%) 61 (24.2%) 0.119 50 (26.5%) 50 (26.5%) 1.000
Hypertension 53 (21.8%) 70 (27.8%) 0.152 44 (23.3%) 51 (27.0%) 0.477
Diabetes mellitus 39 (16.0%) 61 (24.2%) 0.032 35 (18.5%) 44 (23.3%) 0.312
Cirrhosis 175 (72.0%) 169 (67.1%) 0.272 133 (70.4%) 132 (69.8%) 1.000
Tumor diameter (cm)  < 0.001 0.536
  ≤ 5 141 (58.0%) 96 (38.1%) 90 (47.6%) 83 (43.9%)
  > 5 102 (42.0%) 156 (61.9%) 99 (52.4%) 106 (56.1%)

MVI 0.024 0.916
 Negative 132 (54.3%) 163 (64.7%) 115 (60.8%) 117 (61.9%)
 Positive 111 (45.7%) 89 (35.3%) 74 (39.2%) 72 (38.1%)

Surgical resection margin 0.017 1.000
 Wide 95 (39.1%) 72 (28.6%) 59 (31.2%) 58 (30.7%)
 Narrow 148 (60.9%) 180 (71.4%) 130 (68.8%) 131 (69.3%)

WBC (×  109/L) 0.034 0.179
  ≤ 4 23 (9.5%) 41 (16.3%) 21 (11.1%) 31 (16.4%)
  > 4 220 (90.5%) 211 (83.7%) 168 (88.9%) 158 (83.6%)

HGB (g/L) 0.290 0.620
  ≤ 100 7 (2.9%) 13 (5.2%) 7 (3.70%) 10 (5.3%)
  > 100 236 (97.1%) 239 (94.8%) 182 (96.3%) 179 (94.7%)

PLT (×  109/L) 0.552 0.392
  ≤ 100 23 (9.5%) 29 (11.5%) 16 (8.5%) 22 (11.6%)
  > 100 220 (90.5%) 223 (88.5%) 173 (91.5%) 167 (88.4%)

TBIL (μmol/L) 0.599 1.000
  ≤ 17.5 190 (78.2%) 191 (75.8%) 146 (77.2%) 146 (77.2%)
  > 17.5 53 (21.8%) 61 (24.2%) 43 (22.8%) 43 (22.8%)

ALB (g/L) 0.893 1.000
  ≤ 35 25 (10.3%) 24 (9.5%) 17 (9.0%) 18 (9.5%)
  > 35 218 (89.7%) 228 (90.5%) 172 (91.0%) 171 (90.5%)

AST (U/L) 0.010 0.502
  ≤ 45 183 (75.3%) 162 (64.3%) 135 (71.4%) 128 (67.7%)
  > 45 60 (24.7%) 90 (35.7%) 54 (28.6%) 61 (32.3%)

Blood glucose (mmol/L) 0.485 0.321
  ≤ 7 218 (89.7%) 220 (87.3%) 172 (91.0%) 165 (87.3%)
  > 7 25 (10.3%) 32 (12.7%) 17 (9.0%) 24 (12.7%)

Creatinine (μmol/L) 0.722 1.000
  ≤ 106 236 (97.1%) 247 (98.0%) 184 (97.4%) 185 (97.9%)
  > 106 7 (2.9%) 5 (2.0%) 5 (2.6%) 4 (2.1%)

AFP (ng/mL) 0.143 0.587
  ≤ 400 174 (71.6%) 164 (65.1%) 128 (67.7%) 122 (64.6%)
  > 400 69 (28.4%) 88 (34.9%) 61 (32.3%) 67 (35.4%)

PT (s) 0.007 0.622
  ≤ 13.5 197 (81.1%) 177 (70.2%) 149 (78.8%) 144 (76.2%)
  > 13.5 46 (18.9%) 75 (29.8%) 40 (21.2%) 45 (23.8%)

Child–Pugh class 1.000 0.870
 A 216 (88.9%) 225 (89.3%) 169 (89.4%) 167 (88.4%)
 B 27 (11.1%) 27 (10.7%) 20 (10.6%) 22 (11.6%)
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level > 45 U/L (24.7% vs. 35.7%, p = 0.010), a lower per-
centage of PT > 13.5 s (18.9% vs. 29.8%, p = 0.007). After 
PSM, all these clinicopathological features became well bal-
anced and comparable between the two groups (all p > 0.05) 
(Table 1). The baseline clinicopathological characteristics of 
patients associated with (n = 200) or without MVI (n = 295) 
are shown in Tables S1 and S2.

Long‑term oncological outcomes of patients 
in the laparoscopic and laparotomic groups 
before and after PSM

Before PSM, the OS at 1, 2, 3 and 5 years were 93.7%, 
85.9%, 82.6% and 78.8%, respectively, and the RFS at 1, 
2, 3 and 5 years were 81.0%, 77.7%, 75.0% and 71.4%, 
respectively, for the laparoscopic liver resection group. For 
the laparotomic hepatectomy group, the OS at 1, 2, 3 and 
5 years were 88.1%, 77.3%, 67.9% and 55.7%, respectively, 
and the RFS at 1, 2, 3 and 5 years were 72.8%, 66.1%, 58.7% 
and 53.6%, respectively. The results indicated that the long-
term oncological outcomes were significantly better in the 
laparoscopic resection group compared with the laparotomic 
resection group (both p < 0.001) (Fig. 2a, b).

After PSM, the OS at 1, 2, 3 and 5 years were 93.0%, 
84.4%, 80.3% and 75.8%, respectively, and the RFS at 1, 
2, 3 and 5 years were 80.5%, 76.9%, 73.4% and 70.9%, 
respectively, for the laparoscopic liver resection group. For 
the laparotomic hepatectomy group, the OS at 1, 2, 3 and 
5 years were 89.9%, 78.9%, 70.9% and 61.0%, respectively, 
and the RFS at 1, 2, 3 and 5 years were 73.8%, 68.2%, 62.0% 
and 56.8%, respectively. The results after PSM still showed 
a better long-term survival in the laparoscopic resection 
group compared with the laparotomic resection group (both 
p = 0.013) (Fig. 2c, d).

Subgroup survival analysis in patients associated 
with or without MVI in the laparoscopic 
and laparotomic groups before and after PSM

As shown in Fig. 3, before PSM, both OS and RFS of MVI 
negative patients were significantly better in the laparoscopic 
resection group compared with the laparotomic resection 
group (both p < 0.001) (Fig. 3a, b). The OS and RFS of MVI 
positive patients were also significantly better in the laparo-
scopic resection group compared with the laparotomic resec-
tion group (both p < 0.05) (Fig. 3c, d).

As shown in Fig. 4, after PSM, both OS and RFS of 
MVI negative patients were also significantly better in the 

laparoscopic resection group compared with the laparotomic 
resection group (both p < 0.05) (Fig. 4a, b). However, no 
significant differences for OS (p = 0.56) and RFS (p = 0.17) 
in MVI positive patients were observed between the laparo-
scopic and laparotomic resection groups (Fig. 4c, d).

Independent risk factors analysis 
before and after PSM

Before PSM, univariate and multivariate analyses demon-
strated that HBV infection, diabetes mellitus, AST level > 45 
U/L, AFP level > 400 ng/mL, tumor diameter > 5 cm, pres-
ence of MVI, and open liver resection approach were inde-
pendent prognostic factors of OS. Diabetes mellitus, AST 
level > 45 U/L, total bilirubin level > 17.5 μmol/L, AFP 
level > 400 ng/mL, tumor diameter > 5 cm, presence of MVI, 
and open liver resection approach were independent prog-
nostic factors for RFS (Table 2).

After PSM, as presented in Table  3, univariate and 
multivariate analyses identified that HBV infection, 
absence of antiviral therapy, AST level > 45 U/L, tumor 
diameter > 5 cm, presence of MVI, and open liver resec-
tion approach were independent prognostic factors of OS. 
Besides, AST level > 45 U/L, tumor diameter > 5 cm, pres-
ence of MVI and open liver resection approach were identi-
fied as independent prognostic factors for RFS.

Intraoperative and postoperative outcomes

Before PSM, the percentage of central-located tumor, blood 
loss, the frequency of blood transfusion, operation time, 
and length of hospital stay were significantly lower in the 
laparoscopic resection group than the laparotomic resection 
group; whereas the frequency of Pringle’s maneuver (portal 
inflow occlusion) and its duration were remarkably higher in 
the laparoscopic resection group compared with the laparo-
tomic resection group (Table 4). In addition, the complica-
tion occurrence rates of hydrothorax and ascites were sig-
nificantly lower in the laparoscopic resection group than the 
laparotomic resection group (Table 4). Type of hepatectomy, 
extent of liver resection, complications of hepatic failure, 
bile leakage, and pulmonary or abdominal infection were 
comparable between the two groups (Table 4).

After PSM, blood loss, the frequency of blood transfu-
sion, and length of hospital stay were significantly lower in 
the laparoscopic resection group than the laparotomic resec-
tion group; while the percentages of minor hepatectomy and 
peripheral-located tumor, and Pringle’s maneuver duration 

Table 1  (continued)
HCC hepatocellular carcinoma, PSM propensity score matching, BMI body mass index, HBV hepatitis B virus, MVI microvascular invasion, 
WBC white blood cell, HGB hemoglobin, PLT platelets, TBIL total bilirubin, ALB albumin, AST aspartate aminotransferase, AFP alpha-fetopro-
tein, PT prothrombin time
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were remarkably higher in the laparoscopic resection group 
compared with the laparotomic resection group (Table S3). 
Additionally, the complication occurrence rates of ascites were 
significantly lower in the laparoscopic resection group than the 
laparotomic resection group (Table S3). Type of hepatectomy, 
frequency of Pringle’s maneuver, complications of hepatic fail-
ure, bile leakage, and pulmonary or abdominal infection were 
comparable between the two groups (Table S3).

Discussion

During the past decade, the number of minimally invasive 
hepatectomy performed globally has increased exponen-
tially. The introduction of new surgical equipment and 
increased experience in laparoscopic liver resection have 
allowed this procedure to be performed more frequently 

Fig. 2  Overall survival (OS) and recurrence-free survival (RFS) of 
BCLC stages 0–A HCC patients treated with laparoscopic or laparo-
tomic liver resection before and after PSM. OS (a) and RFS (b) of 

patients with BCLC stages 0–A HCC before PSM. OS (c) and RFS 
(d) of patients with BCLC stages 0–A HCC after PSM
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and safely than before. Previously, a case-matched PSM 
study revealed comparative perioperative and long-term 
outcomes between HCC patients who underwent laparo-
scopic and open liver resection [5]. However, to the best of 
our knowledge, high-quality studies comparing the perio-
perative and oncological outcomes in BCLC stages 0–A 
HCC patients associated with or without MVI after lapa-
roscopic or open hepatectomy are still lacking. Although 
prospective randomized controlled trials are the gold 
standard for treatment efficacy comparison and evaluation, 
it is difficult, and sometimes even unethical to conduct 
in real-world clinical practice. Instead, PSM analysis has 
been proposed as a useful alternative to reduce selection 

bias and increase the evidence level of observational com-
parative studies.

A meta-analysis in 2013 indicated that both surgical pro-
cedures have similar long-term outcomes [11]. Laparoscopic 
approach did not achieve significant survival improvement 
compared with conventional open resection approach in 
early years. However, in this large cohort study across four 
medical centers from China, we found that the long-term 
survival outcomes were significantly better in the laparo-
scopic resection group than its counterpart before and after 
PSM. There were three possible reasons. Firstly, all surgeons 
who performed laparoscopic hepatectomy were experi-
enced and had passed the learning curves of laparoscopic 

Fig. 3  Overall survival (OS) and recurrence-free survival (RFS) of 
BCLC stages 0–A HCC patients associated with or without microvas-
cular invasion (MVI) treated with laparoscopic or laparotomic liver 

resection before PSM. OS (a) and RFS (b) of patients with BCLC 
stages 0–A HCC without MVI before PSM. OS (c) and RFS (d) of 
patients with BCLC stages 0–A HCC with MVI before PSM
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technology, thereby ensuring safety, maturity and stability 
of every operation. Secondly, the magnified visualization of 
laparoscopy, real-time guidance of intraoperative US and 
assisting technology of immunofluorescence allow for pre-
cise surgical manipulation in laparoscopic surgery. Thirdly, 
some studies reported that compared with traditional open 
resection approach, laparoscopic treatment had less inhibi-
tory effect on the immune response of the body, which may 
play a role in anti-tumor recurrence [25, 26].

The presence of MVI worsens survival outcomes of 
HCC patients after liver resection. Huang et al. [27] docu-
mented that MVI was also an independent risk factor for 
OS and RFS in HCC patients at BCLC stage A. Wang et al. 
[28] showed that MVI could predict an adverse recurrence 

pattern and had the potential to be used as a reference 
index to decide whether to operate for HCC. In our study, 
before PSM, the laparoscopic group had a markedly higher 
percentage of MVI compared with the laparotomic group. 
Thus, it is unscientific to make subgroup survival analysis 
only using data before PSM. Uneven distribution of MVI 
status between the two groups will potentially influence 
the effect of surgical approaches on patients’ survival. 
After PSM, the baseline clinicopathological character-
istics, including MVI, were well balanced between the 
groups. Under this circumstance, we can ensure that the 
survival differences between the two groups derived only 
from the treatment grouping factor, rather than the PSM 
performance above.

Fig. 4  Overall survival (OS) and recurrence-free survival (RFS) of 
BCLC stages 0–A HCC patients associated with or without micro-
vascular invasion (MVI) treated with laparoscopic or laparotomic 

liver resection after PSM. OS (a) and RFS (b) of patients with BCLC 
stages 0–A HCC without MVI after PSM. OS (c) and RFS (d) of 
patients with BCLC stages 0–A HCC with MVI after PSM
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Subgroup survival analysis showed that the OS and RFS 
of patients without MVI were significantly improved in the 
laparoscopic resection group compared to the laparotomic 
resection group before and after PSM. We speculated that 
blood loss, length of hospitalization and postoperative com-
plications were potential factors which influenced patients’ 
survival [14, 29–31]. Nevertheless, no significant differences 
in OS and RFS were obtained in patients with MVI between 
the laparoscopic and laparotomic resection groups after 
PSM. We considered that the survival benefits of patients 
who underwent laparoscopic resection were counteracted by 
the presence of MVI. Therefore, from a conservative view-
point, our results can be interpreted to indicate that laparo-
scopic liver resection is at least not inferior to the standard 
open resection approach and can be a feasible alternative for 
HCC patients at BCLC stages 0–A regardless of the pres-
ence of MVI.

Intraoperative and postoperative short-term outcomes 
following the two surgical approaches were also compared 
and analyzed in this study. Our results showed that laparo-
scopic hepatectomy had more minor liver resection, more 
peripheral-located tumors, more required Pringle’s maneu-
ver and higher occlusion duration, less blood loss, a lower 

frequency of blood transfusion, a shorter operation time, 
and a shorter hospital stay compared with laparotomic hepa-
tectomy. We considered that the higher operative efficiency 
and less need for blood transfusion of laparoscopic hepa-
tectomy may be associated with the smaller incision and 
less surgical trauma. Nonetheless, a previous study dem-
onstrated that laparoscopic right hepatectomy (LRH) was 
associated with a tendency of prolonged operation time after 
PSM [32]. We speculated that the prolonged operation time 
may be related to the relative complexity of this procedure, 
the limited vision field of right hepatectomy, and less expe-
rience and skills of operating surgeons. Additionally, we 
found that the postoperative complication rates of hydro-
thorax and ascites were significantly reduced for patients 
who underwent laparoscopic liver resection. However, a pre-
vious study reported that postoperative complication rates 
were comparable for HCC patients between the laparoscopic 
and laparotomic groups in the PSM cohort [33]. Hence, the 
operation time, safety degree and postoperative complication 
rates of these two surgical approaches for HCC patients are 
still controversial.

The present study has several limitations. First, this is 
a nonrandomized retrospective study with its inherent 

Table 4  Intraoperative and 
postoperative short-term results 
of HCC patients before PSM

Characteristics Laparoscopic group
(n = 243)

Laparotomic group
(n = 252)

p value

Intraoperative results
 Type of hepatectomy 0.255
  Non-anatomical 180 (74.1%) 174 (69.0%)
  Anatomical 63 (25.9%) 78 (31.0%)

 Extent of resection 0.066
  Major 29 (11.9%) 46 (18.3%)
  Minor 214 (88.1%) 206 (81.7%)

 Tumor location  < 0.001
  Peripheral 199 (81.9%) 145 (57.5%)
  Central 44 (18.1%) 107 (42.5%)

 Pringle’s maneuver 73 (30.0%) 44 (17.5%) 0.001
 Duration of occlusion (min) 24.0 (18.9–29.8) 11.5 (8.2–14.3)  < 0.001
 Blood loss (mL) 200 (100–375) 300 (200–500)  < 0.001
 Transfusion 21 (8.6%) 51 (20.2%)  < 0.001
 Operation time (min) 160 (115–230) 180 (135–226) 0.038

Postoperative short-term results
 Length of hospital stay (day) 8.5 (4.5–8.5) 12.5 (11.0–16.0)  < 0.001
 Complications
  Hepatic failure 0 (0.0%) 2 (0.8%) 0.499
  Bile leakage 9 (3.7%) 5 (2.0%) 0.377
  Hydrothorax 5 (2.1%) 18 (7.1%) 0.013
  Ascites 5 (2.1%) 26 (10.3%)  < 0.001

 Pulmonary/abdominal infection 0.756
  Yes 11 (4.5%) 9 (3.6%)
  No 232 (95.5%) 243 (96.4%)
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selection bias. Although a 1:1 propensity score matching 
was performed to minimize baseline differences between the 
laparoscopic and laparotomic hepatectomy groups, potential 
confounders may still exist to influence outcomes. Further 
prospective research needs to be designed and conducted. 
Second, certain heterogeneity in center experience, surgi-
cal procedures and perioperative management may exist 
among different hospitals. Third, although the number of 
patients enrolled in our study is relatively large, the sample 
size is still insufficient to draw a firm conclusion about the 
effect of MVI on the surgical choice in HCC patients. Last, 
this study was conducted in China with most patients hav-
ing a background of HBV infection. It is unknown whether 
our findings can be extrapolated to other different races and 
etiologies.

Conclusion

Taken together, our study elucidated that for HCC patients 
at BCLC stages 0 or A, the long-term outcomes of patients 
who were treated with laparoscopic liver resection were at 
least not inferior to those of patients who underwent laparo-
tomic hepatectomy approach. Therefore, laparoscopic liver 
resection may be a safe and feasible alternative for HCC 
patients at early stages, regardless of the presence of MVI.
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