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Abstract

Background and aim The latest Barcelona Clinic Liver Cancer (BCLC) staging system suggests considering surgery in
patients with resectable BCLC stage 0/A hepatocellular carcinoma (HCC) and clinically significant portal hypertension
(CSPH). This study aimed to evaluate the safety and short- and long-term outcomes of laparoscopic hepatectomy for BCLC
stage 0/A HCC patients with CSPH.

Methods We retrospectively reviewed the medical records of 647 HCC patients in BCLC stage 0/A who were treated at five
centers between January 2010 and January 2019. Among these patients, 434 underwent laparoscopic hepatectomy, and 213
underwent open hepatectomy. We used Kaplan—Meier analysis to compare the overall survival (OS) rate and recurrence-free
survival (RFS) rate between patients with and without CSPH before and after propensity score matching (PSM). Multivariate
Cox regression analysis was performed to identify prognostic factors for BCLC stage 0/A patients, and subgroup analyses
were also conducted.

Results Among the 434 patients who underwent laparoscopic hepatectomy, 186 had CSPH and 248 did not. The Kaplan—
Meier analysis showed that the OS and RFS rates were significantly worse in the CSPH group before and after PSM. Multi-
variate Cox regression analyses identified CSPH as a prognostic factor for poor OS and RFS after laparoscopic hepatectomy.
However, CSPH patients treated laparoscopically had a better short- and long-term prognosis than those treated with open
surgery.

Conclusions CSPH has a negative impact on the prognosis of BCLC stage 0/A HCC patients after laparoscopic hepatectomy.
Laparoscopic hepatectomy is still recommended for treatment, but careful patient selection is essential.
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Abbreviations PHLF  Posthepatectomy liver failure

CSPH  Clinically significant portal hypertension TACE  Transcatheter arterial chemoembolization

BCLC  Barcelona clinic liver cancer (0N} Overall survival

AFP Alpha-fetoprotein RFS Recurrence-free survival

HCC Hepatocellular carcinoma MVI Microvascular invasion.

RFA Radiofrequency ablation HBsAg Hepatitis B surface antigen
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ALB  Albumin Materials and methods

ALT Alanine aminotransferase

AST Aspartate aminotransferase Patients

ALP Alkaline phosphatase

GGT y-Glutamyl transpeptidase We retrospectively analyzed 647 hepatocellular carcinoma

Hepatocellular carcinoma has the sixth-highest global inci-
dence of malignancies [1, 2]. Hepatectomy has long been
considered one of the best treatments for HCC patients with
preserved liver function. However, in previous studies, it
has been controversial whether hepatic resection can be per-
formed in patients with clinically significant portal hyperten-
sion (CSPH) [3, 4]. The 2022 BCLC recommendation con-
cluded that the mortality for BCLC stage 0/A HCC patients
with portal hypertension is increased even if non-surgical
treatment is performed; therefore, surgery is considered[5].

The BCLC group has demonstrated that CSPH is indeed
one of the predictive factors affecting patients’ postoperative
outcomes. Choi et al. [6]. found that CSPH was significantly
associated with liver function decompensation and a poor
prognosis after HCC resection in patients with Child—Pugh A
cirrhosis. On the other hand, Casellas-Robert et al. [7]. con-
cluded that laparoscopic liver resection (LLR) was feasible
in selected patients. However, liver-specific complications, as
well as the length of stay, were significantly higher.

Since the first LLR was performed in 1991, the range of
indications for LLR has gradually expanded, and even tumors
in the superior and posterior positions (segments IVa, VII,
VIII) can be safely resected laparoscopically [8]. LLR offers
many advantages, including substantially reduced duration of
hospital stay, less intraoperative trauma, and reduced postop-
erative morbidity. In addition, previous multicenter RCTs and
other studies have demonstrated that laparoscopic surgery has
a similar prognosis to open surgery for HCC patients [9-13].
Therefore, LLR has become routine in many centers in Asia;
however, whether early-stage HCC patients with CSPH can
achieve a comparable prognosis to patients without CSPH
after LLR is controversial.

Previous studies on the impact of CSPH after hepatectomy
for HCC considered the entire spectrum of HCC patients or
those with Child—Pugh grade A disease. Currently, there is
limited evidence regarding its effect on postoperative outcomes
in BCLC stage 0/A HCC patients. This multicenter study aims
to compare the safety and outcomes of laparoscopic hepatec-
tomy in HCC patients with and without CSPH and provide
more specific recommendations for this patient population.
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(HCC) patients who underwent hepatectomy at five centers
between December 2010 and December 2018. Among them,
434 patients with BCLC stage 0/A HCC underwent laparo-
scopic hepatectomy, including 186 with clinically significant
portal hypertension (CSPH) and 248 without CSPH. CSPH
was defined based on gastroscopic evidence of esophageal or
gastric varices or significant splenomegaly (abdominal CT
showing a maximum spleen diameter > 12 cm) with a preop-
erative platelet count below 100,000/mm?3, without invasive
portal venous pressure measurement [14, 15]. The postop-
erative pathology report included information on cirrhosis,
tumor differentiation, microvascular invasion(MV]), satel-
lite foci, and tumor resection margin. The inclusion criteria
were diagnosis of HCC by two experienced pathologists,
Child-Pugh A or B classification, and first-time diagnosis.
Patients were excluded if they had incomplete or missed
follow-up or received antitumor therapy preoperatively. This
study was approved by the Ethics Committees of Wuhan
Tongji Hospital, Zhongshan People’s Hospital, Huangshi
Central Hospital, Shenzhen Baoan District People’s Hospi-
tal, and Shenzhen Longhua District People’s Hospital, and
informed consent was obtained from all patients.

Laparoscopic surgical proceeding

All patients underwent preoperative hematology tests (com-
plete blood count, liver function, kidney function, and coag-
ulation) and imaging tests such as enhanced CT and MRI of
the abdomen before surgery. Each HCC patient was evalu-
ated from multiple perspectives by a team of experienced
hepatic surgeons, medical oncologists, imaging physicians,
and anesthesiologists. The indications for laparoscopic liver
resection (LLR) were similar to those for open liver resec-
tion (OLR), and the details of each resection were deter-
mined based on the tumor's location. The final decision to
operate was primarily based on the patient's liver function
(Child—Pugh A/B). All patients underwent 3D liver recon-
struction before surgery to analyze the location of the tumor
and its anatomy regarding major vascular structures, with
intraoperative ultrasonography used to modify the resection
during surgery. A residual liver volume >40% was simu-
lated by 3D modeling. The tumor’s size or number and the
presence or absence of CSPH were not absolute criteria for
surgical treatment of resectable tumors.

A standardized laparoscopic hepatectomy procedure
was performed by experienced liver surgery teams at
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all five centers. Resection was performed purely laparo-
scopically without manual assist devices, and the surgical
approach depended on tumor characteristics.

Anatomical liver resection is the preferred method for
treating large tumors, tumors located in specific areas of the
liver, or patients with multiple independent tumors. Patients
are placed in a supine position (for left or right hepatec-
tomy, as well as segmental resections of segments 1, 5, and
8) or a left lateral decubitus position (for right posterior
segmentectomy or segmental resections of segments 6 and
7). The incision site is located above or to the right of the
navel. Layer-by-layer dissection is performed, separating and
mobilizing the ligaments around the liver. The location of
the lesion is confirmed, and the resection site is identified
under ultrasound guidance. The Pringle maneuver is used to
block hepatic blood flow temporarily. The extent of resection
is determined based on the specific situation, and the tis-
sues around the lesion are dissected. The first hepatic hilum
is identified, and blood flow is blocked along the vessels.
The entire branch and thrombus are removed when venous
branch tumor thrombi are found. After the surgery, the inci-
sion is sutured, and a drainage tube is placed.

For patients who are not suitable for anatomical liver
resection, non-anatomical liver resection is performed.
The preoperative preparation, incision selection, and lesion
exposure are similar to patients undergoing anatomical liver
resection. Intra-abdominal pressure was controlled between
10 and 14 mm Hg, and the procedure was carried out using
four or five orifices. Ultrasound was used as needed intraop-
eratively for tumor location confirmation and determination
of hepatic vein course.

According to the 2000 Brisbane system [16], major
hepatectomy involves resecting three or more Couinaud
segments, while minor hepatectomy involves fewer than
three segments. The decision to block the hepatic hilum by
the Pringle method was made on a case-by-case basis. R1
resection refers to the microscopic detection of tumor cells
at the cut margin.

Definition of postoperative complications

The International Study Group of Liver Surgery (ISGLS)
has proposed the definition of Post-Hepatectomy Liver Fail-
ure (PHLF) as an elevation of INR on or after postoperative
day 5 (POD5) combined with concurrent hyperbilirubinemia
[17]. The grading system includes the following:

Grade A, which requires no deviation from standard post-
operative care.

Grade B, which necessitates a non-invasive deviation
from standard postoperative clinical care.

Grade C, which demands invasive interventions.

The Comprehensive Complication Index (CCI) is cal-
culated based on weighted scores using the Clavien-Dindo
grading system for each complication experienced by the
patient [18].

IWATE scoring system
Total IWATE score using six difficulty measures:

Tumor location (score, 1-5).

Extent of hepatic resection (score, 0—4).
Tumor size (score 0 or 1).

Proximity to a major vessel (score O or 1).
Liver function (score O or 1).
HALS/hybrid (score 0 or — 1).

A

These measures lead to a total score, which is categorized
into 12 difficulty levels, grouped into four types: low (0-3),
intermediate (4-6), advanced (7-9), and expert (10-12).
Using the IWATE system, hepatectomy procedures are
scored to determine their complexity, with low and inter-
mediate scores considered uncomplicated hepatectomy and
advanced and expert scores denoting complex procedures
[19, 20].

Clinical variables

We collected 22 variables potentially affecting HCC progno-
sis for statistical analysis, including patient demographics,
liver and tumor characteristics, pathological factors, surgi-
cal-related information, and perioperative variables. These
variables were age, gender, maximum tumor length, ALT,
preoperative AFP, preoperative ALB, preoperative ALP, pre-
operative AST, preoperative GGT, CSPH, HBsAg, Edmond-
son-Steiner grade, M VI, satellite foci, blood loss, periopera-
tive blood transfusion, type of hepatectomy (anatomical vs.
non-anatomical), resection margin, extent of hepatectomy
(major vs. minor), hepatectomy time, and inflow occlusion
time.

Propensity score matching analysis

We used propensity score matching(PSM) to reduce selec-
tion and confounding bias. We included ten variables to
balance the baseline between patients with and without
clinically significant portal hypertension (CSPH), including
tumor number, AFP, ALP, GGT, ALB, cirrhosis, periopera-
tive blood transfusion, blood loss, tumor maximum length,
and extent of hepatectomy. 1:1 matching was performed
using SPSS 25.0 software, with a caliper width of 0.2 cho-
sen for the best trade-off.
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Follow-up

Patients were followed up every three months in the first year
after discharge and every six months thereafter. Imaging
examinations (such as enhanced CT and abdominal MRI)
and laboratory tests (including liver and renal function tests,
electrolytes, and tumor markers) were performed at each
visit. Overall survival (OS) was defined as the time from
the date of surgery date to the date of death; recurrence-free
survival (RFS) was defined as the time from the surgery date
to the date of first recurrence or death before recurrence or
the last follow-up for patients without recurrence or death.
Follow-up continued until June 30, 2022.

Data analysis

Continuous variables were reported as median (range) and
categorical variables as frequency (percentage). Chi-square
or Fisher’s exact test was used for comparing categorical
variables. Kaplan—Meier curves with the log-rank test were
used to analyze survival rates for OS and RFS. Univariate
and multivariate Cox regression analyses were performed
to evaluate factors affecting OS and RFS after laparoscopic
hepatectomy. Variables having P < 0.05 in univariate analy-
sis were included in the multivariate regression analysis.
The statistical analyses were conducted using SPSS 25.0
software, and P values <0.05 (both sides) were considered
statistically significant. The sample size was estimated using
PASS software (version: 11.0). Kaplan—Meier curves were
generated using R software.

Results

Baseline information for BCLC stage 0/A HCC
patients before and after PSM

All patient data were collected from five Chinese cent-
ers (see Supplementary Fig. 1 for inclusion and exclusion
criteria). Before PSM, 186 patients (42.9%) had CSPH.
There was an imbalance in variables such as tumor num-
ber, preoperative alpha-fetoprotein (AFP), preoperative
alkaline phosphatase (ALP), preoperative gamma-gluta-
myl transferase (GGT), preoperative albumin (ALB), cir-
rhosis, and perioperative blood transfusion between the
two groups. Patients with CSPH had a higher frequency
of blood loss and perioperative blood transfusion and a
significantly higher percentage of cirrhosis. The IWATE
criteria were distributed differently in the two groups, with
higher surgical difficulty in the CSPH group than in the
Non-CSPH group, and higher proportions of Advanced
and Expert difficulty. After 1:1 PSM, the baseline was bal-
anced between the two groups, with 186 patients in each
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group (Table 1). Of particular note, although the number
of intraoperative conversions to open resection was 3.1%
higher in the CSPH group [26(14%) vs. 19(10.9%) in the
non-CSPH group] before PSM, there was no statistical
significance between the two groups (P =0.375).

Effects of CSPH on OS and RFS after laparoscopic
hepatectomy in BCLC stage 0/A HCC patients
before and after PSM

We evaluated the effect of CSPH on OS and RFS after lap-
aroscopic hepatectomy in BCLC stage 0/A HCC patients
before and after PSM. Before PSM, there was a significant
difference in OS curves between the CSPH and non-CSPH
groups (P<0.001, HR =2.26 [1.79-2.84]), with 1-, 3-, and
5-year OS rates of 79.0%, 40.1%, and 24.4%, respectively,
and a median survival time of 34.3 months in the CSPH
group, and rates of 96.8%, 69.7%, and 49.4%, respectively,
and a median survival time of 58.0 months in the non-CSPH
group. There was also a significant difference in RFS curves
between the two groups (P <0.001, HR=2.05 [1.63-2.58]),
with 1-, 3-, and 5-year RFS rates of 69.4%, 29.5%, and
17.7%, respectively, and a median recurrence time of
23.0 months in the CSPH group, and rates of 79.4%, 59.9%,
and 43.8%, respectively, and a median recurrence time of
53.0 months in the non-CSPH group (Fig. 1A and B). After
PSM, the overall survival rate and recurrence-free survival
rate of patients in the CSPH group were significantly worse
compared to the non-CSPH group, with HR values of 2.98
[2.29-3.86] and 2.49 [1.93-3.21], respectively (Fig. 2A,
B). These findings suggest that CSPH remains a significant
prognostic factor for both OS and RFS after laparoscopic
hepatectomy in BCLC stage 0/A HCC patients, even after
PSM (Fig. 2).

Subgroup analysis based on the presence
of cirrhosis

The subgroup analysis according to the presence of cirrhosis
revealed that among 138 patients without cirrhosis, those
in the CSPH group had significantly worse OS and RFS
rates than those in the non-CSPH group, with HRs of 4.40
(2.67-7.25) and 3.99 (2.46-6.45), respectively, both statisti-
cally significant (P <0.001). Similarly, among 296 patients
with cirrhosis, CSPH also significantly influenced the
prognosis of patients, with HRs of 2.20 (1.66-2.93) for OS
and 1.84 (1.38-2.45) for RFS, both statistically significant
(P<0.001) (Supplementary Fig. 2). The findings suggest
that regardless of cirrhosis, CSPH is a significant prognostic
factor for both OS and RFS after laparoscopic hepatectomy
in BCLC stage 0/A hepatocellular carcinoma patients.
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Table 1 Baseline characteristics of hepatocellular carcinoma patients with or without clinically significant portal hypertension undergoing lapa-
roscopic hepatectomy in the whole cohort before and after PSM (n=434)

Before PSM P value*  After PSM P value®
Non-CSPH(r=248)  CSPH(n=186) Non-CSPH(r=186) CSPH(n=186)

Gender 0.579 0.462
Male 211 (85.1) 162 (87.1) 156 (83.9) 162 (87.1)

Female 37 (14.9) 24 (12.9) 30 (16.1) 24 (12.9)

Age 0.256 0.659
<60y 219 (88.3) 157 (84.4) 161 (86.6) 157 (84.4)
>60y 29 (11.7) 29 (15.6) 25 (13.4) 29 (15.6)

Tumor max length 0.090 0.252
<5cm 179 (83.6) 197 (89.5) 107 (57.5) 95 (51.1)
>5cm 35(16.4) 23 (10.5) 79 (42.5) 91 (48.9)

Tumor number 0.013 0.454
Single 203 (81.9) 168 (90.3) 173 (93.0) 168 (90.3)

Multiple 45 (18.1) 18 (9.7) 13 (7.0) 18 (9.7)

Child-Pugh grade 0.225 0.082
A 215 (86.7) 167 (90.8) 157 (84.4) 167 (90.8)

B 33 (13.3) 19(9.2) 29 (15.6) 19(9.2)

AFP 0.007 0.248
<400 ng/ml 119 (48.0) 114 (61.3) 102 (54.8) 114 (61.3)
>400 ng/ml 129 (52.0) 72 (38.7) 84 (45.2) 72 (38.7)

Cirrhosis <0.001 <0.001
No 115 (46.4) 23 (12.4) 81 (43.5) 23 (12.4)

Yes 133 (53.6) 163 (87.6) 105 (56.5) 163 (87.6)

Differentiation grade 0.155 0.649
Edmondson-Steiner I/IT 188 (75.8) 129 (69.4) 134 (72.0) 129 (69.4)
Edmondson-Steiner ITI/IV 60 (24.2) 57 (30.6) 52 (28.0) 57 (30.6)

MVI 0.149 0.144
No 177 (71.4) 145 (78.0) 157 (84.4) 145 (78.0)

Yes 71 (28.6) 41 (22.0) 29 (15.6) 41 (22.0)

Satellite foci 0.820 0.165
No 190 (76.6) 140 (75.3) 152 (81.7) 140 (75.3)

Yes 58 (23.4) 46 (24.7) 34 (18.3) 46 (24.7)

HBsAg 1.000 1.000
No 36 (14.5) 27 (14.5) 28 (15.1) 27 (14.5)

Yes 212 (85.5) 159 (85.5) 158 (84.9) 159 (85.5)

ALB 0.017 0.174
<35¢g/L 93 (37.5) 49 (26.3) 62 (33.3) 49 (26.3)
>35g/L 155 (62.5) 137 (73.7) 124 (66.7) 137 (73.7)

ALT 0.906 0.700
< 100U/L 196 (79.0) 146 (78.5) 150 (80.6) 146 (78.5)
>100U/L 52 (21.0) 40 (21.5) 36 (19.4) 40 (21.5)

AST 0.018 0.210
<80U/L 159 (64.1) 98 (52.7) 111 (59.7) 98 (52.7)
>80U/L 89 (35.9) 88 (47.3) 75 (40.3) 88 (47.3)

ALP <0.001 0.053
< 100U/L 202 (81.5) 122 (65.6) 140 (75.3) 122 (65.6)
>100U/L 46 (18.5) 64 (34.4) 46 (24.7) 64 (34.4)

GGT <0.001 0.074
<60U/L 147 (59.3) 70 (37.6) 88 (47.3) 70 (37.6)
>60U/L 101 (40.7) 116 (62.4) 98 (52.7) 116 (62.4)
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Table 1 (continued)

Before PSM Pvalue*  After PSM P value®
Non-CSPH(n=248) CSPH(n=186) Non-CSPH(r=186) CSPH(n=186)
Perioperative variables
Type of hepatectomy 0.406 0.665
Anatomical 173 (69.8) 122 (65.6) 117 (62.9) 122 (65.6)
Non-anatomical 75 (30.2) 64 (34.4) 69 (37.1) 64 (34.4)
IWATE criteria 0.003 0.210
Low 77 (31.0) 37 (19.9) 45 (24.2) 37 (19.9)
Intermediate 82 (21.0) 50 (26.9) 62 (33.3) 50 (26.9)
Advanced 61 (24.6) 67 (36.0) 56 (30.1) 67 (36.0)
Expert 28 (11.3) 32 (17.2) 23 (12.5) 32(17.2)
Resection margin 0.230 0.431
RO 223 (89.9) 160 (86.0) 166 (89.2) 160 (86.0)
R1 25(10.1) 26 (24.0) 20 (10.8) 26 (14.0)
Hepatectomy time 0.081 0.678
<220 min 139 (56.0) 88 (47.3) 93 (50.0) 88 (47.3)
>220 min 109 (44.0) 98 (52.7) 93 (50.0) 98 (52.7)
Extent of hepatectomy 0.663 0.069
Major hepatectomy 65 (26.2) 53 (28.5) 37 (19.9) 53 (28.5)
Minor hepatectomy 183 (73.8) 133 (71.5) 149 (80.1) 133 (71.5)
Perioperative blood transfusion 0.030 0.278
No 178 (71.8) 115 (61.8) 126 (67.7) 115 (61.8)
Yes 70 (28.2) 71 (38.2) 60 (32.3) 71(38.2)
Blood loss
ml 250 (100,1400) 600 (150,1850) <0.001 400 (150,1400) 600 (150,1850) 0.051
Conversion 27 (10.9) 26 (14.0) 0.375 19 (10.2) 26 (14.0) 0.340
Uncontrolled bleeding 7(2.8) 6(3.2) 5(2.7) 6(3.2)
Oncologic reason 7(2.8) 8(4.3) 4(2.2) 8(4.3)
Technical reason 13(5.2) 12 (6.5) 10 (5.4) 12 (6.5)
Time of inflow occlusion (min) 11 (7-19) 12 (8-22) 0.377 11 (7-19) 12 (8-22) 1.000

The values in parentheses are percentages unless indicated otherwise

BCLC barcelona clinic liver cancer, AFP alpha-fetoprotein, HCC hepatocellular carcinoma, rHCC ruptured hepatocellular carcinoma, TACE
transcatheter arterial chemoembolization, MVI microvascular invasion, HBsAg hepatitis B surface antigen, ALBI albumin-bilirubin grade, ALT
alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, GGT y-glutamyl transpeptidase, H/O hepatic inflow occlu-

sion

22 test with Yates” correction

Cox regression analysis for prognostic factors
of laparoscopic surgery in BCLC stage 0/A HCC

Univariate analysis identified factors with a P value <0.05,
which were included in the multivariate analysis. In the
multivariate regression analysis for OS, CSPH (p <0.001;
HR =2.051 [1.609-2.615]), tumor differentiation
(P<0.001; HR=1.927 [1.489-2.495]), AFP (P =0.006;
HR =1.424 [1.108-1.829]), ALP (P=0.047; HR=1.379
[1.004-1.894]), and extent of hepatectomy (P <0.001;
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HR =1.642 [1.312-1.988]) were found to be significant
prognostic factors for OS (Table 2).

Similarly, in the multivariate regression analysis for
RFS, AFP (P=0.001; HR=1.509 [1.179-1.930]), dif-
ferentiation grade (p =0.003; HR =1.474 [1.138-1.909]),
satellite foci (P=0.047; HR =1.353 [1.004-1.823]), GGT
(P=0.004; HR =1.535 [1.147-2.054]), resection margin
(P=0.003; HR=1.412[1.178-1.831]), CSPH (P <0.001;
HR =1.860 [1.453-2.37]), and extent of hepatectomy
(P<0.001; HR=1.475 [1.231-2.011]) were significant
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Fig. 1 Overall survival (OS) and recurrence-free survival (RFS) after laparoscopic hepatectomy in BCLC stage 0/A HCC patients in the CSPH
group and non-CSPH group before PSM (A shows the overall survival; B shows the recurrence-free survival)
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Fig.2 Overall survival (OS) and recurrence-free survival (RFS) after laparoscopy hepatectomy in BCLC stage 0/A HCC patients in the CSPH
group and non-CSPH group after PSM (A shows the overall survival; B shows the recurrence-free survival)

prognostic factors for RFS (Table 3). These findings sug-
gest that in addition to CSPH, other variables such as
AFP, tumor differentiation, ALP, GGT, resection margin,

and extent of hepatectomy also affect the postoperative
prognosis of BCLC stage 0/A hepatocellular carcinoma
patients.
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Table 2 Univariate and multivariate Cox proportional hazards regression analyses of predictors associated with the overall survival (OS) before
PSM

Number % Univariate analysis Multivariate analysis

Variables P HR 95% CI P HR 95% CI
Gender 0.117

Male 373 85.9 Ref -

Female 61 14.1 0.668 0.479-1.113
Age (years) 0.882

<60 376 86.6 Ref -

>60 58 134 1.026 0.735-1.431
Tumor max length(cm) <0.001 0.163

<5 376 86.6 Ref - Ref -

>5 58 134 1.535 1.225-1.923 1.225 0.921-1.628
Tumor number 0.131

Single 371 85.5 Ref -

Multiple 63 24.5 1.269 0.932-1.727
Child-Pugh grade 0.658

A 382 88.0 Ref -

B 50 12.0 1.080 0.768-1.517
AFP (ng/ml) <0.001 0.006

<400 233 53.7 Ref - Ref -

>400 201 46.3 1.519 1.214-1.901 1.424 1.108-1.829
Cirrhosis 0.399

No 138 31.8 Ref -

Yes 296 68.2 1.111 0.869-1.421
Differentiation grade <0.001 <0.001

Edmondson-Steiner I/11 317 72.4 Ref - Ref -

Edmondson-Steiner ITI/IV 117 27.6 2.327 1.829-2.959 1.927 1.489-2.495
MVI 0.027 0.744

No 322 74.2 Ref - Ref -

Yes 112 25.8 1.325 1.033-1.699 1.047 0.796-1.377
Satellite foci 0.001 0.710

No 330 76.0 Ref - Ref -

Yes 104 24.0 1.528 1.191-1.960 1.060 0.779-1.443
HBsAg 0.091

No 63 14.5 Ref -

Yes 371 85.5 1.345 0.953-1.898
ALB 0.290

<35¢g/L 142 32.7 Ref -

>35¢g/L 292 67.3 0.881 0.697-1.114
ALT(U/L) 0.786

<100 342 78.8 Ref -

>100 92 21.2 1.038 0.792-1.360
AST(U/L) 0.001 0.783

<80 257 59.2 Ref - Ref -

>80 177 40.8 1.456 1.161-1.826 1.037 0.802-1.341
ALP (U/L) <0.001 0.047

<100 324 74.7 Ref - Ref -

>100 110 25.3 1.958 1.517-2.527 1.379 1.004-1.894
GGT (U/L) <0.001 0.052

<60 217 50.0 Ref - Ref -
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Table 2 (continued)
Number % Univariate analysis Multivariate analysis

Variables P HR 95% CI P HR 95% C1

>60 217 50.0 2.103 1.665-2.654 1.341 0.998-1.80
Type of hepatectomy 0.133

Anatomical 295 68.0 Ref -

Non-anatomical 139 32.0 1.321 0.857-1.583
Resection margin 0.222

RO 383 88.2 Ref -

R1 51 11.8 1.188 0.913-1.378
Hepatectomy time(min) 0.387

<220 227 523 Ref -

>220 207 47.7 1.674 0.787-2.379
Extent of hepatectomy <0.001 <0.001

Minor hepatectomy 118 27.2 Ref - Ref -

Major hepatectomy 316 72.8 1.588 1.232-1.876 1.642 1.312-1.988
Perioperative blood transfusion 0.212

No 293 67.5 Ref -

Yes 141 325 1.258 0.877-1.532
CSPH <0.001 <0.001

No 248 57.1 Ref - Ref -

Yes 186 429 2217 1.764-2.787 2.051 1.609-2.615

HR hazards ratio, CI: confidence interval, BCLC Barcelona Clinic Liver Cancer, AFP alpha-fetoprotein, HCC hepatocellular carcinoma, MVI
microvascular invasion, HBsAg hepatitis B surface antigen, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phos-
phatase, GGT y-glutamyl transpeptidase, PSM propensity score matching, CSPH clinically significant portal hypertension

Subgroup analysis of all patients to understand
the effect of CSPH on patients’ OS in different
subgroups

Forest plots were constructed to evaluate the prognostic
impact of CSPH on patient subgroups. As shown in Sup-
plementary Fig. 3, CSPH did not significantly affect the
prognosis of patients with MVI (HR =0.887 [0.566—1.389]).
However, in all other subgroups, including those with early-
stage HCC, CSPH had a statistically significant impact on
patient prognosis.

Short-term outcomes and complications in all
patients treated laparoscopically

Among patients without CSPH, five experienced recur-
rence, and no deaths occurred within 90 days after surgery.
In contrast, among those in the CSPH group, 12 experienced
recurrence, and seven died within 90 days after surgery, rep-
resenting statistically significant differences in postopera-
tive recurrence and mortality rates between the two groups.
Patients in the CSPH group also had a higher rate of postop-
erative liver failure, which was statistically significant (7.0%
vs. 2.4%). Moreover, within the CSPH group, there was a
higher proportion of grades B and C PHLF. The median CCI

score was 57.7, which was significantly higher than the non-
CSPH group's score of 28.6 (P <0.001) (Table 4). Univariate
and multivariate logistic regression analyses showed that
CSPH was a risk factor for PHLF in patients (OR=2.178
[1.703-2.710], P <0.001) (Supplementary Table 1).

Laparoscopic versus open hepatectomy in BCLC
stage 0/A HCC patients

Two hundred thirteen patients who underwent open hepa-
tectomy during the same period were included for com-
parison, and no significant differences in general variables
were observed between the laparoscopic and open groups
(P>0.05). However, statistically significant differences were
found in perioperative variables such as hepatectomy time,
the extent of hepatectomy, and blood loss, with longer hepa-
tectomy times, more extensive hepatectomies, and more sig-
nificant bleeding in the open hepatectomy group, as shown
in Supplementary Table 2. The OS rates were comparable
between the two groups (P=0.087, HR =1.24 [1.03-1.50]).
However, patients who underwent laparoscopic surgery had
a higher RFS rate (P <0.001, HR =2.06 [1.70-2.48]). Sup-
plementary Fig. 4 shows the survival curves for both groups.
Among all HCC patients who underwent surgery, those
who underwent laparoscopic surgery had a lower incidence
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Table 3 Univariate and multivariate Cox proportional hazards regression analyses of predictors associated with the recurrence-free survival
(RFS) before PSM

Variables Number % Univariate analysis Multivariate analysis
P HR 95% CI P HR 95% C1

Gender 0.051

Male 373 85.9 Ref -

Female 61 14.1 0.726 0.530-1.001
Age (years) 0.477

<60 376 86.6 Ref -

>60 58 13.4 1.124 0.815-1.550
Tumor max length(cm) 0.001 0.748

<5 376 86.6 Ref - Ref -

>5 58 134 1.447 1.162-1.800 1.047 0.792-1.383
Tumor number 0.003 0.087

Single 371 85.5 Ref - Ref -

Multiple 63 24.5 1.540 1.156-2.052 1.304 0.962-1.767
Child-Pugh grade 0.237

A 382 88.0 Ref -

B 50 12.0 1.225 0.875-1.713
AFP (ng/ml) <0.001 0.001

<400 233 53.7 Ref - Ref -

>400 201 46.3 1.499 1.204-1.865 1.509 1.179-1.930
Cirrhosis 0.198

No 138 31.8 Ref -

Yes 296 68.2 1.167 0.923-1.475
Differentiation grade <0.001 0.003

Edmondson-Steiner I/I1 317 72.4 Ref - Ref -

Edmondson-Steiner III/IV 117 27.6 1.974 1.554-2.508 1.474 1.138-1.909
MVI 0.145

No 322 74.2 Ref -

Yes 112 25.8 1.200 0.939-1.533
Satellite foci <0.001 0.047

No 330 76.0 Ref - Ref -

Yes 104 24.0 1.754 1.375-2.239 1.353 1.004-1.823
HBsAg 0.173

No 63 14.5 Ref -

Yes 371 85.5 1.253 0.906-1.732
ALB 0.959

<35¢g/L 142 32.7 Ref -

>35¢g/L 292 67.3 1.006 0.797-1.270
ALT(U/L) 0.808

<100 342 78.8 Ref -

>100 92 21.2 1.033 0.794-1.345
AST(U/L) <0.001 0.470

<80 257 59.2 Ref - Ref -

>80 177 40.8 1.545 1.237-1.930 1.096 0.855-1.405
ALP(U/L) <0.001 0.054

<100 324 74.7 Ref - Ref -

>100 110 25.3 2.082 1.625-2.668 1.344 0.995-1.815
GGT(U/L) <0.001 0.004

<60 217 50.0 Ref - Ref -
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Table 3 (continued)
Variables Number % Univariate analysis Multivariate analysis
P HR 95% CI P HR 95% C1

>60 217 50.0 2.194 1.744-2.759 1.535 1.147-2.054
Type of hepatectomy 0.032 0.088

Anatomical 295 68.0 Ref - Ref -

Non-anatomical 139 32.0 1.453 0.912-1.874 1.334 0.987-1.762
Resection margin 0.011 0.003

RO 383 88.2 Ref - Ref -

R1 51 11.8 1.318 1.108-1.588 1.412 1.178-1.831
Hepatectomy time(min) 0.156

<220 227 523 Ref -

>220 207 47.7 1.312 0.874-1.787
Extent of hepatectomy <0.001 <0.001

Minor hepatectomy 118 27.2 Ref - Ref -

Major hepatectomy 316 72.8 1.466 1.208-1.932 1.475 1.231-2.011
Perioperative blood transfusion 0.188

No 293 67.5 Ref -

Yes 141 325 1.185 0.798-1.487
CSPH <0.001 <0.001

No 248 57.1 Ref - Ref -

Yes 186 429 2.036 1.618-2.561 1.860 1.453-2.379

HR hazards ratio, CI confidence interval, BCLC Barcelona Clinic Liver Cancer AFP alpha-fetoprotein, HCC hepatocellular carcinoma, MVI
microvascular invasion, HBsAg hepatitis B surface antigen, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phos-
phatase, GGT y-glutamyl transpeptidase, PSM propensity score matching, CSPH clinically significant portal hypertension

of PHLF. No significant differences were observed in the
remaining short-term complications, which are detailed in
Supplementary Table 3.

Discussion

With the recent improvement in laparoscopic techniques,
liver tumors located in any segment can be safely treated
with laparoscopic hepatectomy [8, 21]. Currently, most liver
surgery centers in China are gradually adopting laparoscopy
as the preferred approach for treating HCC. CSPH has tradi-
tionally been considered a contraindication to hepatectomy
due to the high postoperative mortality and potential for
hepatic failure. However, the latest Barcelona Clinic Liver
Cancer (BCLC) staging recommends that hepatectomy may
be considered for patients with BCLC stage 0/A HCC [5].
Therefore, it is essential to understand the impact of CSPH
on postoperative outcomes in BCLC stage 0/A patients,
which will significantly facilitate treatment planning and
improve guidelines. Our study is the largest multicenter
investigation of BCLC stage 0/A HCC patients with CSPH
who underwent laparoscopic liver resection to date.

The Kaplan—Meier curve demonstrates that CSPH sig-
nificantly impacts the prognosis of HCC. To minimize

selection and confounding biases, we employed propensity
score matching to achieve an effect similar to that of a ran-
domized controlled trial, and our results suggest that CSPH
adversely affects early-stage HCC patients after laparoscopic
liver resection. In a study by Casellas-Robert et al.[7, 22],
researchers compared short-term outcomes after laparo-
scopic liver resection in patients with Child—Pugh class
A liver function with or without CSPH. They concluded
that the laparoscopic approach was feasible in selected
HCC patients with CSPH but at the cost of significantly
increased liver-specific complications and longer hospital
stays. A meta-analysis by Choi et al.[23] found that post-
operative mortality, complications, liver-related morbidity,
liver failure, and overall survival were significantly worse in
the CSPH group, indicating that surgical indications should
be more precisely defined. However, a PSM study by Zheng
et al. [24] concluded that CSPH had no impact on postop-
erative outcomes following laparoscopic liver resection,
suggesting that indications for surgery could be expanded.
Nevertheless, the Kaplan—Meier curves from their study
revealed a trend in prognosis between CSPH and non-CSPH
groups, likely due to the small sample size (only 24 patients
in each group after PSM). Giannini et al. [25] concluded that
CSPH did not affect survival in patients with well-compen-
sated cirrhosis. However, this result may be due to a lack of
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Table 4 Short-term surgery results in the CSPH and non-CSPH groups in BCLC stage 0/A patients treated with laparoscopic surgery

Total (n=434) Non-CSPH (n=248) CSPH (n=186) P value®
Number of deaths, n (%)* 7 (1.6) 0(0.0) 7(3.8) 0.002
Tumor recurrence, n (%)° 17 (3.9) 5(2.0) 12 (6.5) 0.024
PHLF, n (%) 19 (4.4) 6(2.4) 13 (7.0) 0.031
ISGLS A 9(2.1) 5(2.0) 4(2.2)
ISGLS B 7 (1.6) 1(0.4) 6(3.2)
ISGLS C 3(0.7) 0(0.0) 3(1.6)
Refractory ascites, n (%) 6(0.9) 3(1.2) 3(1.6) 1.000
Pleural effusion, n (%) 9 (2.1 4(1.6) 52.7) 0.507
Inferior phrenic infection, n (%) 8 (1.8) 4(1.6) 4(2.2) 0.729
Upper gastrointestinal bleeding, n (%) 4(0.9) 2(0.8) 2 (1.1) 1.000
Intra-abdominal hemorrhage, n (%) 2(0.5) 1(0.4) 1(0.5) 1.000
Bile leak, n (%) 16 (3.7) 7(2.8) 9 (4.8) 0.309
Pneumonia, n (%) 8 (1.8) 4(1.6) 4(1.6) 1.000
Cardiovascular accidents, n (%) 0(0.0) 0(0.0) 0(0.0) 1.000
Cerebrovascular accidents, n (%) 0(0.0) 0(0.0) 0(0.0) 1.000
Sepsis, n (%) 2(0.5) 0(0.0) 2(1.1) 0.183
Bone problem, n (%) 0(0.0) 0(0.0) 0(0.0) 1.000
CCI medain(IQR) 34.5 (25.8-75.1) 28.6 (20.4-36.2) 57.7 (48.3-88.0) <0.001
Clavien-Dindo classification, n (%) <0.001
01 132 (53.2) 62 (33.3)
1T 78 (31.5) 44 (23.7)
il 25 (10.1) 52 (28.0)
v 13 (5.3) 28 (15.1)

#Patients who died within 90 days after surgery
PPatients who had recurrence within 90 days after surgery

P values obtained using Fisher’s precision probability test

PHLF posthepatectomy liver failure, ISGLS international study group of liver surgery, CCI comprehensive complication index

baseline information for the CSPH versus non-CSPH groups
and selection bias. Similarly, our multivariate Cox regres-
sion analysis demonstrated that CSPH remained a significant
prognostic factor for both OS and RFS after laparoscopic
liver resection. Thus, more rigorous management is needed
for early-stage HCC patients with CSPH.

Of course, liver transplantation is the most effective strat-
egy for patients with early-stage HCC with CSPH. However,
the shortage and high cost of donors in China largely limit
the feasibility of liver transplantation. Therefore, resection
can alleviate CSPH and can be a radical treatment. Previous
studies [26-28] comparing LLR with open surgery for HCC
patients with portal hypertension have shown that LLR pro-
vides a comparable long-term prognosis to open surgery and
a better short-term prognosis, such as fewer postoperative
complications and shorter hospital stays. Less mobilization
of the liver and more delicate treatment of the vessels can
lead to a lower risk of intractable ascites. Thus, the over-
all incidence of postoperative liver failure can be reduced.
Azoulay and colleagues [22] concluded that laparoscopic
surgery was a protective factor in the prognosis of patients
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with CSPH; Harada et al. [29] compared the prognosis of
patients with concurrent portal hypertension treated with
LLR, open hepatectomy, and radiofrequency ablation (RFS),
showing that the LLR group was the most feasible approach,
with a better prognosis than RFA and fewer postoperative
complications than open surgery. Therefore, laparoscopic
surgery is the best option for patients with early-stage HCC
who cannot undergo liver transplantation.

Our results suggest that patients with CSPH have higher
and statistically significant rates of death and recurrence
within 90 days after surgery than those without CSPH and
a relatively higher rate of PHLF after laparoscopy. Previous
studies [30, 31] have also concluded that the presence of
CSPH makes postoperative complications more likely, and
Wang et al. [32] constructed a nomogram to predict the risk
of PHLF using preoperative indicators, of which CSPH was
a vital variable and played a pivotal role in the model. Azou-
lay et al. [22] suggested that CSPH may lead to an increased
probability of postoperative liver failure. However, the low
incidence in the postoperative period (8%) was methodologi-
cally hampered by the use of multivariate analysis to identify
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it as an independent predictor. The incidence of other post-
operative complications was not affected by the presence or
absence of CSPH, and the proportion of other postoperative
complications arising after LLR was lower in both groups
(mean 2%). The common view is that the presence of PHLF
means that the prognosis will be poor, and therefore, early
intervention after LLR is still required for patients with pre-
operative CSPH.

The hepatic venous pressure gradient (HVPG) is the
gold standard for detecting portal hypertension in cirrho-
sis, but it is invasive and specialized. In Asia, preoperative
HVPG measurement is rarely performed due to its invasive-
ness, which may cause physical and psychological harm to
patients. To overcome this limitation, several non-invasive
techniques have been developed to evaluate HVPG. For
instance, Yu et al. [33] developed an artificial intelligence
model for quantitative and multi-stage assessment of HVPG
using imaging and histology, while Liu et al. [34] employed
deep convolutional neural networks to identify patients with
CSPH. Although we currently rely on endoscopy or imaging
to detect CSPH, machine learning and imaging technology
may lead to more accurate and convenient detection methods
in the future.

This study still has some limitations. As a retrospective
study, it is susceptible to selection and confounding biases.
However, we used statistical methods to limit these biases
as much as possible. Our study was not validated using
data from non-Asian regions, where most HCC patients are
infected with HBV, which differs from those in non-Asian
countries.

Conclusion

CSPH significantly impacts the prognosis of HCC patients
with BCLC stage 0/A disease who undergo LLR. Despite
this, we still recommend LLR for early-stage HCC patients
with CSPH but emphasize the importance of early postop-
erative intervention in these patients to improve their short-
and long-term outcomes.
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