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Supplementary Results
Methods for all analyses reported here are described in the main-text Methods. This supplement contains parameter matrices, extended results, tables, and figures and legends.
Measurement structure and construct validity
The 24 candidate biomarkers were reduced to 11 retained indicators and three dimensions. Bootstrap factor membership ranged from 0.912 to 1.000. The three-dimensional measurement structure was preserved across cohorts; discovery and historical CFA estimates are reported in Table S4. The dimensions were correlated but not interchangeable. Among patients with lymphocyte-subset data, immunoparalysis correlated inversely with T-, B-, and NK-cell counts while the CD4/CD8 ratio was preserved (Table S10; Fig. S6).
Phenotypes and clinical trajectories
The frozen three-class mixture model identified preserved, intermediate, and depleted phenotypes. The depleted phenotype was small but clinically distinct, with all three adverse dimensions and conventional severity measures elevated. PREDICT trajectory mapping showed an ordered shift from stable decompensated cirrhosis toward pre-ACLF across the phenotype gradient (Table S9; Fig. 2F).
Multiple imputation
After imputation of missing biomarkers in the historical cohort, AUC changes across augmented models ranged from −0.009 to −0.004 and the FS2 > FS1 > FS0 ordering was preserved (Table S15).
Treatment exposure
Between T0 and the first fasting blood draw, 443/1,108 patients (40.0%) received at least one recorded treatment and 112/1,108 (10.1%) received albumin infusion. Treatment types and cohort-specific counts are reported in Table S8.
Reduced panels and external-centre evidence
The 6-marker panel closely reproduced the complete scores and yielded ACLF discrimination similar to the complete panel, but retained IL-6 and IL-10. The 5-marker panel balanced construct fidelity and routine availability. Removing ANC left CRP as the only hyperinflammation indicator and reduced hyperinflammation fidelity in the 4-marker panel. Complete internal ACLF and mortality performance is reported in Table S16. In the external cohort, median MELD and CLIF-C AD scores were 10.0 and 38.0, compared with 15.7 and 43.4 in discovery and 17.0 and 44.7 in the historical complete-case set; alcohol-related cirrhosis accounted for 44.1% externally versus 15.9% and 16.3% internally. In the common external set, 4-marker plus MELD and 5-marker plus MELD yielded ACLF AUCs of 0.798 and 0.814, compared with 0.770 for MELD; full event support, performance, and calibration estimates are shown in Table S17.
Complementary chronological analysis and policy periods
When the workflow was rebuilt in the earlier cohort and applied forward to the later prospective cohort, Tucker congruence was 0.997. Paired ΔAUCs were 0.053 for 90-day ACLF and 0.047 for mortality, providing directional support for the primary findings (Table S18). The joint dimension-by-screening-policy-period interaction did not indicate clear heterogeneity (P=0.353), although the pre-testing period contained only seven ACLF events (Table S19).
Etiology- and infection-stratified analyses
Joint dimension-by-etiology tests did not detect clear heterogeneity in the pooled or cohort-specific analyses. The alcohol-related subgroup contained 17 ACLF events in each cohort; its historical ΔAUC for MELD plus dimensions versus MELD was −0.004 (95% CI, −0.119 to 0.111). Complete ACLF and exploratory mortality results are reported in Table S20. Clinically diagnosed bacterial infection at admission was present in 151/485 prospective patients and 189/623 historical patients. All three dimensions were associated with ACLF in both infection strata; the joint interaction P value was 0.806 (Table S6).
Repeated-measurement availability
Only a very small number of patients had repeated measurements of all 11 markers required to recalculate all three scores, particularly because cytokine and complement retesting was uncommon. There were no same-sample technical replicates or laboratory quality-control records linkable to patients and all score components, and no protocol-defined paired repeat samples that permitted complete score recalculation within patients. Score-level test-retest reliability and the incremental prognostic value of serial scores could therefore not be estimated.

