Supplemental Figure legends
Supplementary Figure 1. Model validation and clinical correlation of refractory biomarkers.
(A)Principal component analysis (PCA) of the combined proteomic (green circles) and metabolomic (orange triangles) profiles. The analysis shows concordant separation patterns between the two omics layers for treatment-naïve (light shades) and refractory (dark shades) groups. The gray ellipse represents the 95% confidence interval.
(B)​ Variable importance analysis. Bar plots show the top 20 most important features for classifying refractory vs. naïve patients. The importance score reflects the contribution of each feature to the model’s predictive accuracy.
(C-D) Plasma protein levels of LAG3 and HTRA1 in patients stratified by serum alpha-fetoprotein (AFP) status. AFP groups were defined using a cutoff of 10 ng/mL (Positive: >10 ng/mL; Negative: <10 ng/mL). The AFP-positive (AFP+) group represents patients with elevated serum AFP levels, a marker associated with certain GCT subtypes like yolk sac tumor (YST). The AFP-negative (AFP-) group includes patients with normal AFP levels, such as those with mature teratoma. Center lines of box plots represent medians, box limits indicate the interquartile range (IQR), whiskers extend to 1.5× IQR, and individual data points are overlaid.
(E-F) Plasma protein levels of LAG3 and HTRA1 in patients with different major histological subtypes: yolk sac tumor (YST) and Others. These subtypes represent distinct biological entities within pediatric GCTs.

Supplementary Figure S2. Pathway activity analysis and multi-omics correlation network associated with the HTRA1–LAG3 regulatory axis.
(A) Gene set enrichment analysis (GSEA) of hallmark and curated biological pathways comparing refractory (RF) and treatment-naïve (NT) tumors. Pathways related to immune signaling, extracellular matrix (ECM) remodeling, lipid metabolism, and inflammatory responses showed significant enrichment in refractory tumors.
(B) Correlation analysis between LAG3 expression and immune pathway activity score estimated by ssGSEA. A strong positive association was observed, suggesting that LAG3 expression reflects increased immune signaling activity in the tumor microenvironment.
(C) Correlation between HTRA1 expression and ECM remodeling pathway activity, indicating that HTRA1 expression is closely linked with extracellular matrix remodeling processes.
(D) Correlation between HTRA1 expression and immune pathway activity score, supporting a functional connection between HTRA1 signaling and immune microenvironment remodeling.
(E) Integrated multi-omics correlation network linking lipid metabolites, protein biomarkers, and pathway activity scores. Lysophospholipids (LPS, LPE, and PS) form a functional module connected to HTRA1, LAG3, ECM remodeling, and immune signaling, suggesting coordinated lipid–immune interactions.
(F) Systemic interaction network highlighting HTRA1 as a central hub protein connecting immune regulators, extracellular matrix components, and lipid-associated pathways.

