Supplementary Materials

Table S1. Intraoperative and pathological characteristics of HCC patients receiving liver resection before generalized propensity score analysis
	
	OLR (n=1237)
	LLR (n=307)
	P value

	Type of hepatectomy
	
	
	<0.001

	Anatomical
	579 (46.8)
	157 (51.1)
	

	Non-anatomical
	658 (53.2)
	150 (48.9)
	

	Operative time (hour)
	3.20 (2.58, 4.07)
	4.25 (3.04, 5.79)
	<0.001

	Blood loss (mL)
	200 (100, 400)
	200 (100, 400)
	0.001

	Blood loss ≥ 200 mL (%)
	796 (67.7)
	160 (54.6)
	<0.001

	Intraoperative blood transfusion (%)
	
	
	0.246

	No
	632 (51.1)
	152 (49.5)
	

	Yes
	605 (48.9)
	155 (50.5)
	

	Microvascular invasion
	456 (42.5)
	65 (31.1)
	<0.001

	Satellites
	118 (11.0)
	23 (11.0)
	0.396


Notes: HCC, hepatocellular carcinoma; OLR, open liver resection; LLR, laparoscopic liver resection.

Information Classification: General

Information Classification: General



1Information Classification: General


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table S2. Univariable and multivariable Cox proportional hazards modeling for RFS and OS in BCLC stage 0 HCC patients before and after generalized propensity score analysis
	
	Crude analysis
	
	Overlap weighting analysis

	
	Univariable analysis
	
	Multivariable analysis
	
	Univariable analysis
	
	Multivariable analysis

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

	RFS
	
	
	
	
	
	
	
	
	
	
	

	LLR vs OLR
	0.42 (0.17, 1.05)
	0.063
	
	0.43 (0.17, 1.07)
	0.070
	
	0.55 (0.21, 1.41)
	0.212
	
	0.54 (0.21, 1.41)
	0.212

	PA vs OLR
	0.87 (0.50, 1.52)
	0.622
	
	0.89 (0.49, 1.62)
	0.704
	
	0.99 (0.54, 1.85)
	0.986
	
	1.00 (0.54, 1.84)
	0.996

	PA vs LLR
	2.06 (0.86, 4.95)
	0.106
	
	2.09 (0.82, 5.31)
	0.123
	
	1.81 (0.74, 4.45)
	0.193
	
	1.84 (0.76, 4.46)
	0.179

	OS
	
	
	
	
	
	
	
	
	
	
	

	LLR vs OLR
	0.22 (0.03, 1.75)
	0.152
	
	0.16 (0.02, 1.35)
	0.092
	
	0.21 (0.03, 1.75)
	0.15
	
	0.20 (0.02, 1.80)
	0.152

	PA vs OLR
	0.49 (0.17, 1.40)
	0.181
	
	0.36 (0.11, 1.15)
	0.086
	
	0.34 (0.10, 1.09)
	0.068
	
	0.28 (0.07, 1.09)
	0.067

	PA vs LLR
	2.22 (0.27, 18.48)
	0.460
	
	2.27 (0.25, 20.82)
	0.469
	
	1.58 (0.18, 14.18)
	0.680
	
	1.39 (0.14, 13.91)
	0.781


Notes: HCC, hepatocellular carcinoma; OLR, open liver resection; LLR, laparoscopic liver resection; PA, percutaneous ablation; RFS, recurrence-free survival; OS, overall survival.

Table S3. Univariable and multivariable Cox proportional hazards modeling for RFS and OS in BCLC stage A HCC patients before and after generalized propensity score analysis
	
	Crude analysis
	
	Overlap weighting analysis

	
	Univariable analysis
	
	Multivariable analysis
	
	Univariable analysis
	
	Multivariable analysis

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

	RFS
	
	
	
	
	
	
	
	
	
	
	

	LLR vs OLR
	0.69 (0.55, 0.85)
	0.001
	
	0.72 (0.58, 0.89)
	0.003
	
	0.78 (0.59, 1.04)
	0.095
	
	0.74 (0.55, 1.00)
	0.047

	PA vs OLR
	1.10 (0.87, 1.37)
	0.430
	
	1.13 (0.90, 1.42)
	0.286
	
	1.40 (1.09, 1.81)
	0.009
	
	1.37 (1.06, 1.79)
	0.017

	PA vs LLR
	1.60 (1.19, 2.13)
	0.002
	
	1.71 (1.26, 2.32)
	0.001
	
	1.79 (1.29, 2.49)
	0.001
	
	1.85 (1.32, 2.60)
	<0.001

	OS
	
	
	
	
	
	
	
	
	
	
	

	LLR vs OLR
	0.51 (0.35, 0.76)
	0.001
	
	0.65 (0.43, 0.96)
	0.031
	
	0.58 (0.33, 1.02)
	0.059
	
	0.56 (0.32, 0.99)
	0.045

	PA vs OLR
	0.58 (0.37, 0.90)
	0.016
	
	0.79 (0.48, 1.28)
	0.337
	
	0.74 (0.44, 1.23)
	0.243
	
	0.76 (0.46, 1.28)
	0.302

	PA vs LLR
	1.13 (0.64, 1.99)
	0.674
	
	1.22 (0.68, 2.20)
	0.505
	
	1.27 (0.63, 2.58)
	0.503
	
	1.36 (0.67, 2.75)
	0.399


Notes: HCC, hepatocellular carcinoma; OLR, open liver resection; LLR, laparoscopic liver resection; PA, percutaneous ablation; RFS, recurrence-free survival; OS, overall survival.
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Figure S1. Assessment of balance of other generalized propensity analysis methods. (A-F) The absolute SMDs of potential confounders before and after Three-way matching (A), TriMatch (B), TriMatch with exact matching (C), inverse probability weighting (D), matching weights (E) and IPW with trimming (F). ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; SMD, standardized mean difference; PSA, propensity score analysis; IPW, inverse probability weighting.
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Figure S2. Kaplan-Meier curves for long-term outcomes of BCLC stage 0-A HCC patients who underwent OLR, LLR and PA after other generalized propensity score analysis methods. (A-F) Overall survival after Three-way matching (A), TriMatch (B), TriMatch with exact matching (C), inverse probability weighting (D), matching weights (E) and IPW with trimming (F). (G-L) Recurrence-free survival after Three-way matching (G), TriMatch (H), TriMatch with exact matching (I), inverse probability weighting (J), matching weights (K) and IPW with trimming (L). IPW, inverse probability weighting.
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Figure S3. The hazard difference of all-cause mortality and recurrence among three treatment comparisons after overlap weighting analysis. (A) Overall survival, (B) Recurrence-free survival. OLR, open liver resection; LLR, laparoscopic liver resection; PA, percutaneous ablation. 
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Figure S4. Kaplan-Meier curves for long-term outcomes of BCLC stage 0 or A HCC patients who underwent OLR, LLR and PA after overlap weighting analysis. (A-B) Overall survival (A) and recurrence-free survival (B) for BCLC stage 0 HCC patients. (C-D) Overall survival (C) and recurrence-free survival (D) for BCLC stage A HCC patients. HCC, hepatocellular carcinoma; OLR, open liver resection; LLR, laparoscopic liver resection; PA, percutaneous ablation.
image2.emf
>

Three-way matching

TriMatch

TriMatch with exact matching

1.00 % 1.00 1.00
3075 Sors m s - m
g 0. Z0. So0.75
2 > b
5 3 2
%]
@ 0.50 = 0.50 20.50
3 s g
B 3 == OLR OLR ©
§o.2s5{ Logrank: +~ R ©025{ Logrank: N 3025{ Logrank: - OLR
p = 0.389 - PA p =0.033 ': - p = 0.034 = LLR
== PA
0 0 0
0 12 24_ 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time (months) Time (months) Time (months)
Number at risk Number at risk Number at risk
OLR 138 119 103 84 63 48 OLR 105 92 79 67 54 37 OLR 96 83 75 62 50 37
LLR 136 121 95 53 36 23 LLR 105 87 68 40 30 18 LLR 96 80 59 37 27 14
PA 137 127 106 90 62 45 PA 105 96 76 64 47 32 PA 96 88 70 61 44 32
Inverse probability weighting Matching weights IPW with trimming
1.00 1.00 1.00
\:\'\‘_~ T
0.75 — 0.75 _ 075
[ [ g
B 0.50 @ 0.50 P 0.50
3 T 3
[ [
> S >
o] o ©
0.25 0.25 0.25
== OLR == OLR == OLR
Log-rank: LR Log-rank: - LLR Log-rank: — LLR
p =0.001 - PA p =0.027 — PA p =0.028 — PA
0 0 0
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time (months) Time (months) Time (months)
Number at risk Number at risk Number at risk
OLR 1237 1049 895 695 532 377 OLR 1237 1049 895 695 532 377 OLR 601 528 463 367 288 208
LLR 307 265 208 126 90 59 LLR 307 265 208 126 90 59 LLR 230 201 162 97 70 45
PA 234 216 179 148 103 74 PA 234 216 179 148 103 74 PA 229 212 175 145 100 71
Three-way matching TriMatch TriMatch with exact matching
< 1.00 § 1.00 < 1.00
£ : £
2075 #0.75 20.75
8 8 8
o 0.50 5 0.50 5 0.50
2 g 2
o o o
§ 0.25 Lo_g;)r%rlli: == OLR :3:0-25 Log-rank: == OLR 50-25 Log-rank: = OR
3 p=0. == LLR 3 p =0.023 = LLR ® p=0.02 == LLR
T 9 == PA C 0 #= PA T 9 == PA
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time (months) ] Time (months) Time (months)
Number at risk Number at risk Number at risk
LR 138 100 68 55 35 28 OLR 105 73 49 43 33 22 OLR 96 67 48 4 31 22
LA 136 96 66 34 19 10 LLR 105 77 53 30 18 10 LLR 96 68 49 29 17 8
RFA 137 93 64 45 31 14 PA 105 73 47 33 21 11 PA 96 67 44 32 20 9
Inverse probability weighting Matching weights IPW with trimming
1.00 1.00 1.00
g 0.75 _g 0.75 g 0.75
S 2 2
$0.50 80.50  0.50 ———
: 3 :
o [S] o
& & 5
£0.25 025 S 0.25
3 — OlR 8 — OLR & — OLR
s Log-rank: o Log-rank: o Log-rank:
b =0.02 == LLR == LLR = LLR
ol P — PA 0 p <0.001 — PA p<0.001 — PA
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time (months) ) Time (months) Time (months)
Number at risk Number at risk Number at risk
OLR 1237 747 547 399 280 202 OLR 1237 747 547 399 280 202 OLR 601 409 308 228 158 114
LLR 307 215 147 83 52 28 LLR 307 215 147 83 52 28 LLR 230 166 117 65 41 29
PA 234 170 119 86 62 32 PA 234 170 119 86 62 32 PA 229 166 117 84 60 30










image3.emf
Hazard difference

0.0010

Hazard ditterence

0.0030

0.0025

0.0020

0.0015

0.0005

0.0000

Overall survival

LLR compared with OLR

0.0025

0.0020

PA compared with OLR

0.0005

0.0000

PA compared with LLR

[0} [0]
g 23
= 5 38
o v 7
g g S
§° i
g 7
g
?
g o
LR 00100 1000 010 D LRRD VIO | s L0 00000000 00 DO ROV |
[ 10 20 30 40 50 60 [ 10 20 30 40 50 60
Time since treatment (months) Time since treatment (months) Time since treatment (months)
Recurrence-free survival
LLR compared with OLR PA compared with OLR PA compared with LLR
27 g i I
o
3 g
?
° [ $ 3
o =3
3 s g
9] L
g1 ES 3
B B
= ©
3 E ° % g
E t 3 s
£ - g
?

0.000
!
-0.015

Time since treatment (months)

LSS 00 R0 LA 1)

o 10 20 30 40 50 60

Time since treatment (months)

0

10

LI 0 U000 0 1) |

20 30 40 50

Time since treatment (months)

60










image4.emf
Overall Survival

Overall Survival

BCLC stage 0 BCLC stage 0
1.00 1.00
0.75 0.75
g
>
2 -I_\_
[Z]
0.50 g 0.50
b L_
[S]
c
o
5
0.25 3 025
o
== OLR == OLR
Log-rank: == LLR Log-rank: = LLR
p =0.154 = PA p=0.315 = PA
0 0
0 12 24 36 48 60 0 12 24 36 48 60
Time (months) Time (months)
Number at risk Number at risk
OLR 55 48 40 31 25 18 OLR 55 4 29 20 17 12
LLR 37 31 26 17 13 7 LLR 37 29 21 15 10 3
PA 83 78 66 49 37 27 PA 83 67 51 37 26 13
BCLC stage A BCLC stage A
1.00 1.00
\ o
‘h—\__\\.——
0.75 < 075
2
c
3
2]
[0
g
0.50 050
o
c
g
5
(8}
T
0.25 0.25
== OLR == OLR
Log-rank: — LLR Log-rank: = LLR
p =0.072 — PA p = 0.002 == PA
0 0
0 12 24 36 48 60 0 12 24 36 48 60
Time (months) Time (months)
Number at risk Number at risk
OLR 1182 1001 855 664 507 359 OLR 1182 706 518 379 263 190
LLR 270 234 182 109 77 52 LLR 270 186 126 68 42 25

PA 151 138 113 99 66 47 PA 151 103 68 49 36 19










image1.emf
SMD after Three-way matching SMD after TriMatch SMD after TriMatch with exact matching
Tumor size A Tumor size 1 Tumor size 1
Tumor site 4 \ Tumor site - Tumor site 1

Tumor number -
Age -

AST

Child-Pugh class

Cirrhosis 1 Cirrhosis 1 Cirrhosis 1
ALT/ ALT ALT] <
AFP/ AFP AFP 7
Sex Sex - Sex 1
HBV infection - HBYV infection - HBV infection 4 Jl

Tumor number A
Age 4

AST A

Child-Pugh class -

Tumor number 1
Age 4

AST 1

Child-Pugh class {

001025 050 075 1.00
Absolute standandized mean difference

001025 050 075 1.00
Absolute standandized mean difference

—o— Before PSA  —e— After TriMatch

D E F

SMD after matching weights

001025 050 075 1.00
Absolute standandized mean difference

—e— Before PSA —e— After Three-way matching —e— Before PSA —e— After TriMatch with exact matching

SMD after inverse probability weighting SMD after IPW with trimming

Tumor size
Tumor site
Tumor number
Age

AST

Child-Pugh class

Cirrhosis < Cirrhosis 1 Cirrhosis 1
ALT ALT 1 ALT 1
AFP AFP 1 AFP 1
Sex Sex 4 Sex

HBYV infection

>

Absolute standandized mean difference

—e— Before PSA —e— After inverse probability weighting

001 025

0.50

0.75

1.00

Tumor size 1
Tumor site {
Tumor number -
Age -

AST 1
Child-Pugh class 1

HBV infection 1

Absolute standandized mean difference

001 025

0.50

075

1.00

—o— Before PSA —e= After matching weights

Tumor size
Tumor site 4
Tumor number 1
Age {

AST 1

Child-Pugh class -

HBV infection 1

0 0.1 0.25

0.50

0.75

1.00

Absolute standandized mean difference
—e— Before PSA —e— After IPW with trimming











