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Background: Laparoscopic hepatectomy (LH) is more advantageous than open hepatectomy (OH) for hepatocellular carcinoma
(HCC). However, surgical methods of conversion resection for patients with HCC have not been compared. We aimed to compare LH
with OH for HCC after conversion therapy.

Methods: We retrospectively reviewed the data of 334 patients who underwent conversion resection between January 2016 and
December 2020 at Sun Yat-sen University, China. Propensity score matching (PSM) of patients in a ratio of 1:2 was conducted, and 62
patients and 121 patients who underwent LH and OH, respectively, were matched.

Results: The LH and OH groups differed at baseline in terms of ALT (P=0.008), AFP (P=0.042), largest tumor size (P=0.028),
macrovascular invasion (P=0.006), BCLC stages (P=0.021), and CNLC stages (P=0.048). The incidences of postoperative complica-
tions before and after PSM were lower in the LH group than in the OH group (P=0.007 and 0.003, respectively). There were no
significant differences in the overall survival (OS) and recurrence-free survival (RFS) between the two groups (P=0.79 and 0.8,
respectively). According to the multivariable Cox regression analyses, the largest tumor size (P<0.0001) and tumor number (P=0.004)
were significant and independent prognostic factors of OS.

Conclusion: In our study, we found that LH is technically feasible and safe in patients after conversion therapy. Compared with OH,
LH showed similar OS and RFS and was associated with fewer postoperative complications.
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver and has a poor prognosis and high level

of malignancy.' Moreover, it is the sixth most frequent malignancy and the third leading cause of cancer-related deaths

worldwide.? In China, the majority of patients with a diagnosis of HCC present with advanced, inoperable disease.>

However, over the past few years, treatment for patients with advanced HCC modalities has evolved rapidly.
Clinically, patients with unresectable HCC can be converted to resectable HCC through locoregional treatment

strategies, such as transarterial chemoembolization (TACE), hepatic arterial infusion chemotherapy (HAIC) and radiation
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therapy; systemic treatment, such as targeted therapy or combined with immunotherapy.®® In a previous study, 37 out of
157 patients with initially unresectable HCC were successfully converted to resectable disease through HAIC, and 15 out
of 155 patients were converted through TACE.'® In another previous study, 15 out of 34 patients with initially
unresectable HCC were successfully converted to resection through a triple combination of angiogenesis inhibitors, anti-
PD-1 antibodies, and HAIC.! Moreover, these patients who underwent safe curative resection can achieve favorable
outcomes. Therefore, curative resection is essential for the prognosis of HCC patients.

It is well known that laparoscopic hepatectomy (LH) and open hepatectomy (OH) are two common surgical strategies
for HCC. The choice of surgical strategy is also crucial. Comparative results of LH versus OH for HCC have been
reported.lz*19 On the whole, the advantages of LH include fewer complications, fewer transfusions, less blood loss, less
postoperative pain and shorter hospital stays. However, for some difficult operations, OH may be a better choice. For
advanced HCC patients who received conversion therapy, the choice of surgical strategy is very important. Currently,
there are no data on the outcomes of patients undergoing this conversion surgery strategy.

Propensity Score Matching (PSM) is a matching method based on propensity score. The main idea is to estimate the
probability of each individual receiving a treatment (propensity score), and then match individuals receiving different
treatments according to this probability, such that the difference between the two groups is minimized. To overcome
selection bias, we performed 1:2 propensity score (PS) matching between the LH and OH cohorts.

In this study, we aimed to use PSM analysis to compare the perioperative and long-term outcomes of LH versus OH
for advanced HCC patients who received conversion therapy (HAIC or TACE).

Materials and Methods

Patient Recruitment and Selection Criteria

The study reviewed 334 patients diagnosed with HCC who underwent hepatectomy after conversion therapy at Sun Yat-
sen University, China, from January 2016 to December 2020. The inclusion criteria were followed: (1) confirmed records
of receiving conversion therapy, (2) confirmed diagnosis of HCC by pathologic examination of resected specimens, (3)
aged from 18 or above, (4) absence of any other malignant tumor. Patients were excluded based on the following
exclusion criteria: (1) Patients with any other malignant tumor; (2) Patients who discontinued treatment for personal
reasons or violating treatment procedures.

Conversion Therapy Procedure

Conversion therapy, including TACE and HAIC, was used in this study. TACE and HAIC were performed according to
our previously reported protocol.'” TACE cycles were performed every 6 weeks. The chemotherapy drugs were infused
through the artery supplying the tumor, and embolization was performed with iodized oil. The perfusion drugs included
50 mg of epirubicin, 6 mg of mitomycin and 300 mg of carboplatin. Repeated HAIC cycles were performed every 3
weeks. On day 1 in cycle of HAIC femoral artery puncture and catheterization were performed, and patients were
transferred to the inpatient ward for drug infusion via the hepatic artery. Oxaliplatin, leucovorin, and bolus fluorouracil
were administered equally in both the LH and OH groups, whereas infusional fluorouracil 2400 mg/m? was given over
23h or 46 h. After treatment initiation, the radiological response was evaluated by computed tomography (CT) or
magnetic resonance imaging (MRI) performed at a baseline and every 6 weeks. HCC-specific modified RECIST
(mRECIST) was used for evaluating the tumor response. Conversion therapy was stopped when radical resection
could be achieved with sufficient remnant liver volume.

Data Collection

The demographic and clinical characteristics included age; sex; hepatitis B virus infection status; liver cirrhosis;
hypertension; diabetes; ALT (U/L), AST (U/L), ALB (g/L), TBIL (umol/L), AFP (ng/mL), and PIVKA (mAU/mL)
levels; WBC (10°/L), PLT (109/L) counts; PT(s); largest tumor size (cm); tumor number; macrovascular invasion; tumor-
free margin (mm); BCLC stage; and CNLC stage. The details of demographic and clinical characteristics are presented in
Table 1. The blood tests and tumor burdens were measured within 5 days preoperatively.
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Table | Baseline Characteristics of the 334 Patients Included in the Present Study

Variables LH (n=63) OH (n=271) P value
Age (years) 56(29-75) 54(18-75) 0.882
Sex (male/female) 54/9 233/38 0.957
HBsAg positive (%) 60(95.2) 246(90.8) 0.25
Liver cirrhosis 41(65.1) 147(54.2) 0.247
Hypertension 6(9.5) 36(13.3) 0417
Diabetes 8(12.7) 20(7.4) 0.17
Preoperative blood tests
AST (IU/L) 31.5(12.3-167.7) 36(14.9-223.7) 0.646
ALT (IU/L) 33.1(6.9-232.4) 25.4(4.5-107.2) 0.008
ALB (g/L) 41.3(35.145.7) 41.4(29.5-51.7) 0.965
TBIL (umol/L) 10.3(4.7-24.8) 10.7(3.842) 0.268
AFP (ng/mL) 31(1.8-12,310) 30.1(1.3-121,000) 0.042
PIVKA (mAU/mL) 108.7(6.3-30,846) 97(18-250,062) 0.49
WBC (10%1L) 5.4(2.3-94) 5.4(1.9-20.1) 0.477
PLT (10°/L) 193(74-331) 165(74-424) 0.632
PT (s) 11.7(10.4-13.9) 11.6(9.7-13.1) 0.965
Tumor burdens
Largest tumor size, cm (>5/<5) 31/32 174/97 0.028
Tumor number (single/multiple) 31/32 165/106 0.426
Macrovascular invasion (yes/no) 6/57 69/202 0.006
Tumor-free margin (mm) 1(0-3) 0.5(0-6.5) 0.384
IMM grade (I/1I/111) 16/12/35 56/29/186 0.093
ALBI score (I/1l) 40/23 160/111 0.422
Conversion therapy (HAIC/TACE) 40/23 185/86 0.467
BCLC stage (A/B/C) 2912717 117/82/72 0.021
CNLC stage (la/Ib/lla/Ilb/1l1a/IlIb) 7/24/16/11/5/0 28/95/45/32/68/3 0.048

Notes: values are presented as the median (range) or n (%). All variables are evaluated before undergoing surgery.
Abbreviations: LH, laparoscopic hepatectomy; OH, open hepatectomy; AST, aspartate transaminase; ALT, alanine
transaminase; ALB, albumin; TBIL, total bilirubin; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin
K absence-Il; WBC, white blood cell; PLT, platelet count; PT, prothrombin time; BCLC, Barcelona clinic liver
cancer; CNLC, China liver cancer staging.

The level of difficulty of the hepatectomy was classified per the Institut Mutualiste Montsouris (IMM) classification
into three levels depending on the location and extent of resection. The grading was as follows: grade I included partial
resection and left lateral segmentectomy; grade II included anterolateral segmentectomy and left hepatectomy, and grade
IIT included posterosuperior segmentectomy, right hepatectomy, right posterior sectionectomy, extended left hepatectomy,
and central hepatectomy.”’

Routine blood tests and CT or MRI were performed to evaluate tumor recurrence and survival status three months
postoperatively, which was repeated every three months in the first and second postoperative year and every 6 months
thereafter.

Overall survival (OS) was defined as the time interval from surgery to cancer-related death and recurrence-free
survival (RFS) was defined as the interval from surgery to recurrence in the liver or elsewhere, or censoring at the date of
the last follow-up.

Propensity Score Matching
One-to-two PSM was adopted to minimize selection bias. In this model, a caliper of 0.2 was applied. The propensity
score was calculated by baseline characteristics (age and sex), preoperative blood tests (ALT and AFP), tumor

characteristics (tumor size, tumor number, and macrovascular invasion), and tumor-free margin.
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Statistical Analysis

Non-normally distributed data were expressed as medians and ranges. Continuous parametric variables were analyzed
using the unpaired Student’s #-test, and continuous non-parametric variables were analyzed using the Mann—Whitney
U-test. Categorical data were analyzed by Pearson’s correlation coefficient chi-square test with continuity correction or
Fisher’s exact probability method. Forward LR-based univariate and multivariate Cox regression analyses were used to
identify independent predictive variables. The OS and RFS were represented by Kaplan—Meier curves and analyzed
using the Log rank test. A P value <0.05 was considered statistically significant. All analyses were performed using SPSS
25.0 software (SPSS Inc., Chicago, IL) and R version 4.0.1.

Results

Patient Characteristics in Unmatched and Matched Cohorts

We retrospectively reviewed the data of 334 patients diagnosed with HCC who underwent LH or OH after conversion
therapy at Sun Yat-sen University, China, from January 2016 to December 2020. There were 63 patients in the LH group
and 271 patients in the OH group (Figure 1). ALT levels (P=0.008), AFP levels (P=0.042), largest tumor size (P=0.028),
macrovascular invasion (P=0.006), Barcelona clinic liver cancer (BCLC) stages (P=0.021) and China liver cancer staging
(CNLC) stages (P=0.048) were the characteristics that differed between the two groups (Table 1). After propensity score
matching, 62 LHs were matched and compared with 121 OHs (Figure 1). Detailed characteristics of each group after
PSM are shown in Table 2. There were no significant differences between the LH and OH groups at baseline. The
resected tumor’s location according to Couinaud’s classification, in the two groups before and after PSM is shown in
Figures S1 and S2, respectively. Of note, there was no significant difference in the difficulty grade between the LH and
OH groups (difficulty grade I/II/III: LH: 16/12/35 vs OH: 56/29/186; P=0.093) (Table 1).

Operative Details in Unmatched Cohort
Operative details were compared between the two groups in the entire cohort (Table 3). The LH group had fewer cases
where the Pringle maneuver was used (43 cases (68.3%) in the LH versus 251 (92.6%) in the OH group). Meanwhile,

Screened for HCC patients received surgery
(N=23069)

Excluded (n=21653)
Beyond time period of the study (n=15063)
No receiving conversion therapy (n=6990)

Candidate patients

(n=1016)
Open hepatectomy Laparoscopic hepatectomy
(n=810) (n=206)
Excluded (n=539) Excluded (n=143)
Unevaluable lesions (n=88) Unevaluable lesions (n=37)
— Did not meet eligibility criteria (n=309) Did not meet eligibility criteria (n=56)
Lack of surveillance (n=105) Lack of surveillance (n=25)
Lost follow up (n=37) Lost follow up (n=25)
OH group LH group
(n=271) (n=63)
PSM
2:1)
OH group LH group
(n=121) (n=62)

Figure | Flow diagram.
Abbreviations: HCC, hepatocellular carcinoma; LH laparoscopic hepatectomy; OH, open hepatectomy.
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Table 2 Baseline Characteristics After Propensity Score Matching

Variables LH (n=62) OH (n=121) P value
Age (years) 55(29-75) 56(18-75) 0.955
Sex (male/female) 53/9 104/17 0.932
HBsAg positive (%) 59(95.2) 111(91.7) 0.393
Liver cirrhosis 40(64.5) 71(64) 0.604
Hypertension 6(9.7) 16(13.2) 0.485
Diabetes 8(12.9) 8(6.6) 0.154
Preoperative blood tests
AST (IU/L) 30.4(12.3-167.7) 34.9(15.6-121.2) 0.734
ALT (IU/L) 33.1(6.9-232.4) 25.4(4.5-94.6) 0.055
ALB (g/L) 41.2(35.1-45.7) 41.2(29.548.4) 0.965
TBIL (umol/L) 10.3(4.7-24.8) 11(3.9-28.2) 0.262
AFP (ng/mL) 31(1.8-12,310) 19.7(1.3—121,000) 0.181
PIVKA (mAU/mL) 121(6.3-30,846) 65.6(19-250,062) 0.424
WBC (10°/L) 5.4(2.3-9.4) 5.5(2.8-20.2) 0.555
PLT (10°/L) 195(74-331) 177(74-424) 0.898
PT (s) 11.7(10.4-13.9) 11.8(10.2-13.8) 0.901
Tumor burdens
Largest tumor size, cm (>5/<5) 31/31 58/63 0.791
Tumor number (single/multiple) 31731 68/53 0.426
Macrovascular invasion (yes/no) 6/56 12/109 0.959
Tumor-free margin (mm) 1(0-3) 0.5(0-2.5) 0.10
IMM grade (I/1I/111) 16/12/34 32/14/75 0.349
ALBI score (I/11) 39/23 70/51 0.434
BCLC stage (A/B/C) 2912617 59/48/14 0.957
CNLC stage (la/Ib/lla/Ilb/1lla/llIb) 7/23/16/11/5/0 20/41/28/18/13/1 0.845

Notes: values are presented as the median (range) or n (%). All variables are evaluated before undergoing surgery.
Abbreviations: LH, laparoscopic hepatectomy; OH, open hepatectomy; AST, aspartate transaminase; ALT, alanine
transaminase; ALB, albumin; TBIL, total bilirubin; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin
K absence-ll; WBC, white blood cell; PLT, platelet count; PT, prothrombin time; BCLC, Barcelona clinic liver
cancer; CNLC, China liver cancer staging.

a significant difference was observed in the incidence of postoperative complications between the two groups (LH:
30.2% vs OH: 51.6%, P=0.007). Nineteen patients in the LH group had postoperative complications, two owing to biliary
leakage, one owing to pleural effusion, ten owing to peritoneal encapsulated effusion, one owing to ascites, one owing to
pulmonary infection, and four owing to postoperative bleeding. A total of 141 patients in the OH group experienced
postoperative complications, one owing to hepatic insufficiency, two owing to biliary leakage, fifty-three owing to pleural
effusion, fifty owing to peritoneal encapsulated effusion, ten owing to ascites, two owing to pulmonary infection, nine
owing to wound infection, and fourteen owing to postoperative bleeding. LH group was similar to the OH group in blood
loss (median 200 (range 50-2000) mL versus 300 (50-2500) mL; P=0.622), plasma transfusions (5 (7.9%) versus 27
(10%); P=0.623), erythrocyte transfusion (4 (6.3%) versus 22 (15.4%); P=0.637), hospital stay (median 9 (range 5-15)
days versus 9 (5-34) days; P=0.653) and operative time (median 154 (range 90-315) minutes versus 168 (90-420)
minutes; P=0.057).

Operative Details in Matched Cohort

Operative details were compared between the LH group and the OH group in the matched cohort (Table 4). Similar to the
unmatched cohort, the LH group was similar to the OH group in blood loss, plasma transfusions, erythrocyte transfusion,
hospital stay, operative time and clamping times. LH group had fewer cases where the Pringle maneuver was used 43
(68.3%) versus 114 (94.2%) in the OH group (P<0.0001). Meanwhile, there were fewer postoperative complications in
the LH group (LH: 30.2% vs OH: 51.6%, P=0.003). Nineteen patients in the LH group had incidences of postoperative
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Table 3 Operative Details of Patients Who Underwent LH and OH
Variables LH (n=63) OH (n=271) P value
Blood loss (mL) 200(50-2000) 300(50-2500) 0.622
Plasma transfusion, n (%) 5(7.9) 27(10) 0.623
Erythrocyte transfusion, n (%) 4(6.3) 22(15.4) 0.637
Hospital stay (days) 9(5-15) 9(5-34) 0.653
Operative time (minutes) 154(90-315) 168(90—420) 0.057
Pringle maneuver, n (%) 43(68.3) 251(92.6) <0.0001
Clamping times (minutes) 24(0-60) 22(0-75) 0.896
Postoperative complications, n (%) 19(30.2) 141(51.6) 0.007
Hepatic insufficiency 0 |
Biliary leakage 2 2
Pleural effusion | 53
Peritoneal encapsulated effusion 10 50
Ascites | 10
Pulmonary infection | 2
Wound infection 0 9
Postoperative bleeding 4 14
Clavien-Dindo Classification, n (%) 0.469
| 57 225
Il 42
1l 0 3
v 0 |
Note: values are presented as the median (range) or n (%).
Abbreviations: LH, laparoscopic hepatectomy; OH, open hepatectomy.
Table 4 Operative Details of Patients Who Underwent LH and OH After
Propensity Score Matching
Variables LH (n=62) OH (n=121) P value
Blood loss (mL) 200(50-2000) 300(100-1600) 0.978
Plasma transfusion, n (%) 5(7.9) 27(10) 0.623
Erythrocyte transfusion, n (%) 4(6.3) 22(15.4) 0.637
Hospital stay (days) 9(5-15) 8(5-30) 0.638
Operative times (minutes) 154(90-315) 168(90—420) 0.191
Pringle maneuver, n (%) 43(68.3) 114(94.2) <0.0001
Clamping times (minutes) 23.5(0-60) 22(0-62) 0.764
Postoperative complications, n (%) 19(30.6) 60(49.6) 0.003
Hepatic insufficiency 0 0
Biliary leakage 2 2
Pleural effusion | 26
Peritoneal encapsulated effusion 10 21
Ascites | 2
Pulmonary infection | |
Wound infection 0 3
Postoperative bleeding 4 5
Clavien-Dindo Classification, n (%) 0.365
| 57 104
1l 15
1l 2
v 0 0
Note: values are presented as the median (range) or n (%).
Abbreviations: LH, laparoscopic hepatectomy; OH, open hepatectomy.
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complications, two owing to biliary leakage, one owing to pleural effusion, ten owing to peritoneal encapsulated effusion,
one owing to ascites, one owing to pulmonary infection, and four owing to postoperative bleeding. Sixty patients in the
OH group experienced postoperative complications, two owing to biliary leakage, twenty-six owing to pleural effusion,
twenty-one owing to peritoneal encapsulated effusion, two owing to ascites, one owing to pulmonary infection, there

owing to wound infection, and five owing to postoperative bleeding.

Tumor Response to Conversion Therapy and Patient Survival

Of the 334 patients with unresectable HCC who underwent conversion therapy, 109 (32.6%) received TACE and 225
(67.4%) received HAIC. The conversion therapy protocol rapidly reduced the tumor burden in the unmatched cohorts
and matched cohorts (Figure S3). Furthermore, in the subgroup analysis that was stratified according to conversion
therapy, similar results were seen (Figure S4). Additionally, parameters related to liver function, such as ALT, AST and
TBIL levels, were reduced after conversion therapy, and there were significant differences between pre- and post-
conversion therapy levels (P<0.0001), both in the unmatched and matched cohorts, as shown in Figures S5 and S6.
Subsequently, radical resection could be achieved with sufficient remnant liver volume. There was no difference between
the two groups in the long-term outcomes in the unmatched cohorts and matched cohorts (Figure 2). Furthermore, OS
and RFS were similar between both groups in subgroup analysis that was stratified according to conversion therapy

(Figure S7).
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Figure 2 (A) Overall and (B) recurrence-free survival, according to surgical approach (open versus laparoscopic) before PSM; (C) overall and (D) recurrence-free survival,
according to surgical approach (open versus laparoscopic) after PSM.
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Univariate Cox regression Multivariate Cox regression
Characteristics HR (95% Cl) P value Characteristics HR (95% ClI) P value
Age y (</>50) 0.84(0.503-1.405) 0.507 Age y (s/>50) [
Sex(male/female) 1.106(0.647-1.890) -: - 0.713 Sex(male/female) :
HBsAg positive(yes /no) 1.618(0.506-5.176) ~ Ho—— 0.417 HBsAg positive(yes /no) |
Liver cirrhosis(yes/no) 1.294(0.779-2.148) -: al 0.32 Liver cirrhosis(yes/no) :
Hypertension(yes/no) 0.473(0.171-1.305) ®# 0.148 Hypertension(yes/no) |
Diabetes(yes/no) 0.524(0.164-1.674) = :—~ 0.275 Diabetes(yes/no) :
ALT (>/<50U/L) 1.488(0.829-2.672)  yo— 0.183 ALT (>/<50U/L) '
AST (>/<40U/L) 1.492(0.899-2.476) f - 0.122 AST (>/<40U/L) :
ALB (>/<35 g/L) 0.509(0.184-1.408) wp 0.193 ALB (>/<35 g/L) I
TBIL ( >/<17.1 umol/L) 1.134(0.537-2.393) >: — 0.742 TBIL ( >/<17.1 umol/L) :
AFP (>400/<400 ng/ml) 1.893(1.140-3.144) o= 0.014 AFP (>400/<400 ng/ml) 1
PIVKA (>1000/<1000 mAU/ml) 1.70209153.168) ko 0.093 PIVKA (>1000/<1000 mAU/ml) !
WBC(>/<11*109/L) 2.217(0.539-9.111)  H—o———— 0.27 WBC(>/<11*109/L) |
PLT (>/=100*109/L) 0.844(0.383-1.858) v~ 0.673 PLT (>/=100*109/L) !
Largest tumor size (> <5 cm) 2.880(1.528-5.428) | —e—s 0.001 Largest tumor size (> <5 cm) 3.271(1.726:6.2) | +—e———— <0.0001
Tumor number (>1/1) 1.801(1.083-2.995) = 0.023 Tumor number (>1/1) 2.130(1.275-3.557) 1+—o— 0.004
Macrovascular invasion (yes/no) 1.607(0.931-2.771) i- - 0.088 Macrovascular invasion (yes/no) :
BCLC stage 1 BCLC stage 1
A . A ,
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Figure 3 Univariate and multivariate Cox regression analyses of risk factors for overall survival before PSM.

Univariate and Multivariable Cox Regression Analyses in All Patients

Univariate and multivariate analyses of the preoperative parameters in predicting OS were performed, as shown in
Figure 3. The univariate analyses showed that AFP levels, largest tumor size, tumor number, macrovascular invasion,
BCLC stage, and CNLC stage, were significant risk factors for OS. For multivariate analysis, CNLC stage was excluded
because there was collinearity between the CNLC stage and other variables. The multivariate Cox proportional analysis
revealed that the largest tumor size (P<0.0001) and tumor number (P=0.004), were significant and independent
prognostic factors of OS (Figure 3).

Discussion

It is well known that most patients with HCC are diagnosed in their advanced stages in China. For the past few years,
various treatments, including HAIC, TACE, immunotherapy, targeted therapy, radiotherapy, and systemic chemotherapy,
is being used to treat patients with advanced HCC, which has made conversion surgery possible. According to
a randomized Phase III trial for large HCC, patients with advanced HCC were treated through TACE or HAIC, and
the curative surgical resection rate was 24% in the HAIC group and 12% in TACE group.'® In general, the reported
conversion rates are approximately 10-30%.2' %> In our study, of the 334 patients with unresectable HCC who underwent
conversion therapy, 109 (32.6%) received TACE and 225 (67.4%) received HAIC.

Over the past few years, LH is being applied worldwide due to improved instruments and increased surgical
experience. Additionally, LH showed several advantages over OH, including fewer complications, transfusions, less
blood loss, and less pains.>**® However, TACE or HAIC may cause localized inflammation leading to adhesions, which
increase the level of difficulty of the surgery. Our results suggest clear advantages of LH over OH in HCC patients who
received conversion therapy.

As we all know, conversion therapy may cause localized inflammation leading to adhesions, which increase the level
of difficulty of the surgery. It is not hard to understand that patients undergoing conversion surgery are more difficult than
those undergoing direct surgery. In a single-center real-world study, researchers clarified that patients who received

conversion surgery had a higher incidence of surgery-related complications than patients who received direct surgery.”’
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Meanwhile, the prognosis of advanced HCC after conversion surgery is comparable to that after direct surgery. In
conclusion, surgery is still the core treatment for patients with HCC to obtain the best survival benefit. On comparing the
two unmatched groups, some patient and tumor characteristics showed statistically significant differences. The decision
of which surgical approach should be taken is complex considering individual patient differences and the surgeon’s
experience. For example, patients with worse liver function are usually selected for LH to improve their outcomes. PSM
was applied to solve this unavoidable bias.

After PSM, two comparable groups of patients who underwent LH and OH for HCC were created. Complications were
lesser in the LH group than in the OH group. Specifically, the incidence rates of pleural effusion and peritoneal encapsulated
effusion in the LH group were lower compared to the OH group. This might be explained by the fact that in the LH group,
small abdominal accesses could reduce surgery-induced injury and preserve intrahepatic vessels and lymphatic
collaterals.'**%*! Meanwhile, avoiding exposure of the abdominal tissue and organs to air reduces the chance of electrolyte
imbalance and promotes reabsorption of ascites or pleural effusion.” Although, there was no significant difference statistically
in the blood loss and rates of blood transfusion, the rates of plasma transfusion and erythrocyte transfusion were lower in the
LH group. This is due to the fact that laparoscopic surgery is less invasive.

Currently, LH is considered safe for the treatment of HCC.***** However, there was no study on the selection of the
surgical approach in initially unresectable patients receiving conversion therapy. Since conversion therapy increases
the difficulty of surgery, it is believed that OH might be more appropriate for these patients. This study has
demonstrated that in initially unresectable patients receiving conversion therapy and conversion resection, OS and
RFS were similar in the LH and OH groups, while fewer complications were noted in the LH group, indicating the
safety and feasibility of LH.

This study had some limitations. Firstly, it was a retrospective study which might have introduced selection bias and
further prospective studies are needed to validate our findings. Secondly, the relatively small sample size limits the
generalizability of our results, and there is a risk of a type II error. Finally, a potential limitation of 1:2 matching is that
many patients in the OH group were not matched and were excluded from the analysis, which can lead to a loss of
information and reduce the accuracy of estimating associations between treatment and outcomes.

Conclusion
In conclusion, in initially unresectable HCC patients who received conversion therapy and conversion resection, LH is
safe and technically feasible. LH showed similar OS and RFS, associated with fewer complications compared with OH.
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