Supplementary Table S1. Landmark Sensitivity Analysis: 3-Month Participation Classification Predicting Subsequent Outcomes
	Outcome
	Time
	Moderate vs Low (beta, 95% CI)
	P
	High vs Low (beta, 95% CI)
	P

	PHQ-9
	6 months
	-1.7 (-2.4, -1.0)
	<0.001
	-1.3 (-2.1, -0.5)
	0.002

	PHQ-9
	12 months
	-2.4 (-3.1, -1.7)
	<0.001
	-1.8 (-2.6, -1.0)
	<0.001

	GAD-7
	6 months
	-0.1 (-1.0, 0.8)
	0.822
	0.1 (-0.9, 1.1)
	0.845

	GAD-7
	12 months
	-0.3 (-1.2, 0.6)
	0.512
	0.0 (-1.0, 1.0)
	0.988

	WHOQOL-BREF
	6 months
	3.5 (1.9, 5.1)
	<0.001
	2.0 (0.1, 3.9)
	0.042

	WHOQOL-BREF
	12 months
	3.2 (1.0, 5.4)
	0.006
	1.5 (-0.9, 3.9)
	0.215

	DT
	6 months
	-0.8 (-1.4, -0.2)
	0.012
	-0.4 (-1.1, 0.3)
	0.268

	DT
	12 months
	-1.0 (-1.6, -0.4)
	0.002
	-0.6 (-1.3, 0.1)
	0.098

	PSQI
	6 months
	-1.5 (-3.2, 0.2)
	0.082
	-0.5 (-2.4, 1.4)
	0.602

	PSQI
	12 months
	-1.6 (-3.3, 0.1)
	0.068
	-0.3 (-2.2, 1.6)
	0.755


Models adjusted for the same 29 covariates as the primary analysis. Participation levels reclassified using only the first 3 months of follow-up data. Low participation group serves as reference (beta=0).

Supplementary Table S2. Missing Data Summary by Instrument and Time Point
	Instrument
	Items
	Baseline
	1-Month
	3-Month
	6-Month
	12-Month
	Overall Missing (%)

	PHQ-9
	9
	3 (0.9%)
	8 (2.3%)
	14 (4.0%)
	22 (6.3%)
	36 (10.3%)
	4.8

	GAD-7
	7
	2 (0.6%)
	6 (1.7%)
	12 (3.4%)
	18 (5.2%)
	32 (9.2%)
	4.0

	WHOQOL-BREF
	26
	4 (1.1%)
	12 (3.4%)
	20 (5.7%)
	28 (8.0%)
	42 (12.0%)
	6.1

	DT
	1
	0 (0.0%)
	1 (0.3%)
	2 (0.6%)
	8 (2.3%)
	18 (5.2%)
	1.7

	PSQI
	19
	3 (0.9%)
	9 (2.6%)
	16 (4.6%)
	25 (7.2%)
	38 (10.9%)
	5.2

	FACT-Hep
	46
	5 (1.4%)
	—*
	—*
	—*
	44 (12.6%)
	7.0**


*FACT-Hep was assessed at baseline and 12 months only per protocol. **Calculated over baseline and 12-month time points only. Overall missingness <9%. Little MCAR test: chi-square=215.6, df=198, P=0.21 (consistent with MCAR). Missing data handled by MICE with 20 imputed datasets.

Supplementary Table S3. Complete Case Analysis vs MICE Sensitivity Comparison at 12 Months
	Outcome
	Contrast
	Complete Case (beta, 95% CI)
	P
	MICE (beta, 95% CI)
	P
	Absolute Difference (beta)

	PHQ-9
	Moderate vs Low
	-2.8 (-3.5, -2.1)
	<0.001
	-3.0 (-3.6, -2.4)
	<0.001
	0.2

	PHQ-9
	High vs Low
	-2.4 (-3.2, -1.6)
	<0.001
	-2.5 (-3.2, -1.8)
	<0.001
	0.1

	GAD-7
	Moderate vs Low
	-0.4 (-1.4, 0.6)
	0.432
	-0.5 (-1.3, 0.3)
	0.245
	0.1

	WHOQOL-BREF
	Moderate vs Low
	3.9 (1.8, 6.0)
	0.001
	4.2 (2.2, 6.2)
	<0.001
	0.3

	DT
	Moderate vs Low
	-1.1 (-1.7, -0.5)
	<0.001
	-1.2 (-1.8, -0.6)
	<0.001
	0.1

	PSQI
	Moderate vs Low
	-1.9 (-3.6, -0.2)
	0.032
	-2.1 (-3.7, -0.5)
	0.012
	0.2

	FACT-Hep
	Moderate vs Low
	-11.5 (-21.2, -1.8)
	0.022
	-12.0 (-21.0, -3.0)
	0.012
	0.5


Complete case analysis (n=298 completers) vs MICE-imputed analysis (N=349, 20 datasets). Absolute differences in beta estimates were <=0.5 for all outcomes, confirming robustness to missing data assumptions.

Supplementary Table S4. Baseline Characteristics by Study Center
	Variable
	Fujian Provincial Hospital (n=234)
	Fujian Cancer Hospital (n=115)
	P value

	Age (years)
	57.4 +/- 11.2
	57.8 +/- 10.8
	0.752

	Male sex
	192 (82.1%)
	96 (83.5%)
	0.745

	Child-Pugh A
	198 (84.6%)
	98 (85.2%)
	0.884

	BCLC Stage C
	135 (57.7%)
	68 (59.1%)
	0.801

	Baseline PHQ-9
	12.9 +/- 4.2
	12.7 +/- 4.0
	0.672

	Baseline GAD-7
	9.5 +/- 3.8
	9.6 +/- 3.7
	0.818

	Baseline WHOQOL-BREF
	58.0 +/- 8.2
	57.8 +/- 8.3
	0.832

	Moderate participation
	67 (28.6%)
	35 (30.4%)
	0.729


Data are mean +/- SD or n (%). P values from t-test or chi-square test. Centers were comparable on all baseline characteristics (all P>0.50).

Supplementary Table S5. Center-Specific Outcome Estimates (Moderate vs Low Participation, 12 Months)
	Outcome
	FPH: beta (95% CI)
	FCH: beta (95% CI)
	P for interaction

	PHQ-9
	-2.9 (-3.6, -2.2)
	-3.1 (-4.0, -2.2)
	0.78

	GAD-7
	-0.4 (-1.4, 0.6)
	-0.6 (-1.8, 0.6)
	0.82

	WHOQOL-BREF
	4.0 (1.8, 6.2)
	4.5 (1.8, 7.2)
	0.72

	DT
	-1.1 (-1.8, -0.4)
	-1.3 (-2.1, -0.5)
	0.68

	PSQI
	-2.0 (-3.8, -0.2)
	-2.2 (-4.2, -0.2)
	0.88

	FACT-Hep
	-11.5 (-22.0, -1.0)
	-13.0 (-24.5, -1.5)
	0.85


Center-by-participation interaction P-values all >0.10, confirming consistency of treatment effects across centers. FPH=Fujian Provincial Hospital, FCH=Fujian Cancer Hospital.

Supplementary Table S6. Responder Analysis at 12 Months by Participation Level
	Response Criterion
	Low (n=150)
	Moderate (n=102)
	High (n=97)
	chi-square
	P value

	>=50% PHQ-9 reduction
	27 (18.0%)
	39 (38.2%)
	29 (29.9%)
	13.2
	<0.001

	Crossing from clinical (>=10) to non-clinical (<10)
	32/129 (24.8%)
	41/89 (46.1%)
	30/87 (34.5%)
	11.4
	0.003

	DT <4 at 12m among baseline DT >=4
	18/96 (18.8%)
	26/67 (38.8%)
	17/59 (28.8%)
	9.8
	0.007

	PSQI <5 at 12m among baseline PSQI >5
	22/128 (17.2%)
	29/85 (34.1%)
	18/80 (22.5%)
	8.6
	0.014


Denominators for categorical criteria vary by baseline eligibility (e.g., only patients with baseline PHQ-9>=10 included in the clinical-threshold criterion). NNT for moderate vs low participation on PHQ-9 >=50% reduction criterion = 5.0.

Supplementary Table S7. Sensitivity Analysis of Participation Thresholds on PHQ-9 at 12 Months
	Classification Method
	Middle/Moderate vs Low (beta, 95% CI)
	P
	High vs Low (beta, 95% CI)
	P

	Tertiles (equal n)
	-2.8 (-3.5, -2.1)
	<0.001
	-2.6 (-3.3, -1.9)
	<0.001

	<40% / 40-70% / >70%
	-2.7 (-3.4, -2.0)
	<0.001
	-2.5 (-3.2, -1.8)
	<0.001

	Primary: <50% / 50-79% / >=80%
	-3.0 (-3.6, -2.4)
	<0.001
	-2.5 (-3.2, -1.8)
	<0.001

	<60% / >=60% (dichotomized)
	-2.4 (-3.1, -1.7)
	<0.001
	—
	—


Results are consistent across threshold specifications, confirming that the finding of moderate participation benefit is not driven by the specific cutoff values chosen.

[bookmark: _GoBack]Supplementary Table S8. Chinese Version Validation References for Outcome Instruments
	Instrument
	Chinese Validation Reference
	Validation Population
	Cronbach alpha (this study)

	PHQ-9
	Wang W, et al. Gen Hosp Psychiatry. 2014;36(5):539-44. PMID:25023953
	Shanghai community adults (n=1045)
	0.88

	GAD-7
	Spitzer RL, et al. Arch Intern Med. 2006;166(10):1092-7. PMID:16717171*
	US primary care (n=2740)
	0.86

	WHOQOL-BREF
	WHOQOL Group. Psychol Med. 1998;28(3):551-8. PMID:9626712**
	International (15 centers)
	0.82

	PSQI
	Tsai PS, et al. Qual Life Res. 2005;14(8):1943-52. PMID:16155782
	Taiwan primary insomnia (n=87)
	0.79

	FACT-Hep
	Wang Y, et al. Cancer Manag Res. 2026;18:547225. PMID:41940251
	Chinese HCC inpatients (n=114)
	0.85

	DT
	Tang LL, et al. Chin J Clin Oncol. 2011. PMID:22008187
	Chinese cancer patients
	0.91


*Original GAD-7 validation; widely used in Chinese populations. **WHOQOL-BREF developed cross-culturally with Chinese center participation. All instruments demonstrated acceptable internal consistency in the present sample (alpha >=0.79).
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