PSM Balance: Standardized Mean Difference Analysis
Table 1 (Supplemental). Standardized Mean Differences (SMD) for all propensity score matching variables before and after PSM. Continuous variables are expressed as mean ± SD; categorical variables as percentages. SMD values are color-coded: green < 0.10 (balanced), orange 0.10–0.20 (borderline), red ≥ 0.20 (imbalanced).
	Variable
	Pre-PSM  (No-LNE n=17,894 | LNE n=3,376)
	Post-PSM  (No-LNE n=6,546 | LNE n=2,182)

	
	No-LNE
	LNE
	SMD
	No-LNE
	LNE
	SMD

	Age, years, median (IQR)
	66 (59, 73)
	64 (56, 71)
	0.232
	65 (58, 72)
	64 (59, 72)
	0.015

	Sex, male
	71.8%
	68.4%
	0.074
	70.3%
	69.8%
	0.011

	Race/Ethnicity

	    White
	60.6%
	63.2%
	0.054
	64.6%
	62.4%
	0.046

	    Black
	14.8%
	16.7%
	0.053
	15.2%
	17.7%
	0.068

	    Hispanic
	8.1%
	6.7%
	0.054
	7.1%
	6.4%
	0.028

	    Asian/Others
	15.3%
	12.3%
	0.087
	13.1%
	13.5%
	0.012

	Education level
	2.36 ± 1.07
	2.41 ± 1.07
	0.051
	2.40 ± 1.07
	2.39 ± 1.06
	0.013

	Income
	2.77 ± 1.14
	2.75 ± 1.14
	0.014
	2.74 ± 1.14
	2.74 ± 1.15
	0.000

	Geographic location
	2.46 ± 1.05
	2.48 ± 1.01
	0.018
	2.48 ± 1.04
	2.47 ± 1.02
	0.010

	Academic facility
	58.7%
	55.2%
	0.071
	60.6%
	60.4%
	0.003

	Histologic type

	    HCC, NOS
	96.1%
	90.9%
	0.212
	95.0%
	94.7%
	0.013

	    Fibrolamellar
	0.7%
	3.9%
	0.214
	0.4%
	0.5%
	0.018

	    HCC-CCA
	0.8%
	2.2%
	0.108
	1.2%
	2.2%
	0.076

	    Clear cell type
	1.9%
	1.8%
	0.008
	2.8%
	1.8%
	0.063

	pT stage
	1.66 ± 0.84
	2.01 ± 0.99
	0.382
	1.95 ± 0.93
	1.90 ± 0.94
	0.053

	Charlson-Deyo index
	0.86 ± 1.03
	0.70 ± 0.96
	0.161
	0.76 ± 0.98
	0.77 ± 0.98
	0.005

	SMD = Standardized Mean Difference.  Threshold: Green < 0.10 (balanced);  Orange 0.10–0.20 (borderline);  Red ≥ 0.20 (imbalanced). SMD ≥ 0.10 in Post-PSM applies only to variables intentionally excluded from the matching algorithm.


PSM Balance Assessment
Covariate balance between the No-LNE and LNE groups before and after propensity score matching (PSM) was quantified using the standardized mean difference (SMD). For continuous variables (age, education level, income, geographic location, pT stage, and Charlson–Deyo comorbidity index), SMD was calculated as the absolute difference in group means divided by the pooled standard deviation:
     SMD = |x̄_LNE − x̄_NoLNE| / √[(SD²_LNE + SD²_NoLNE) / 2]
For binary and categorical variables (sex, race/ethnicity, treatment at an academic facility, and histologic type), SMD was calculated from the difference in proportions:
     SMD = |p_LNE − p_NoLNE| / √[(p_LNE(1−p_LNE) + p_NoLNE(1−p_NoLNE)) / 2]
An SMD < 0.10 was considered to indicate adequate covariate balance, consistent with established recommendations for PSM studies. All 10 variables included in the matching algorithm achieved SMD < 0.10 after PSM (range: 0.000–0.076), demonstrating excellent balance (Table 1). Prior to PSM, three variables showed substantial imbalance (SMD ≥ 0.10): age (SMD = 0.232), histologic type (HCC NOS: 0.212; Fibrolamellar: 0.214), and pT stage (SMD = 0.382). After matching, SMD values for these variables were reduced to 0.015, 0.013–0.018, and 0.053, respectively — all well below the 0.10 threshold.
The Charlson–Deyo comorbidity index showed the greatest absolute improvement (SMD: 0.161 → 0.005), followed by sex (0.074 → 0.011), and academic facility (0.071 → 0.003). Income and geographic location were already well-balanced before PSM (SMD = 0.014 and 0.018, respectively) and remained so after matching (0.000 and 0.010).
SMD values for each variable before and after PSM are reported in Table 1 alongside descriptive statistics. Color coding is applied to facilitate interpretation: SMD < 0.10 is displayed in green (balanced), 0.10–0.20 in orange (borderline), and ≥ 0.20 in red (imbalanced).

