Figure S1. Age-related distribution of patient numbers and proportion of females across different age groups.
Abbreviations: CCA, cholangiocarcinoma; GBC, gallbladder cancer.

Figure S2. TMB distribution stratified by TNM stage.
Boxplots comparing tumor mutational burden (TMB) between Stage I-III and Stage IV patients in the overall cohort, CCA, and GBC subgroups. Abbreviations: CCA, cholangiocarcinoma; GBC, gallbladder cancer

Figure S3. Co-occurrence and mutual exclusivity patterns of frequently altered genes, associated clinical characteristics, and enriched signaling pathways.
(A–C) Interactions between genomic alterations and clinical features in BTC, GBC, and CCA, respectively. (D) Comparative analysis of dysregulated signaling pathways between CCA and GBC. Abbreviations: CCA, cholangiocarcinoma; GBC, gallbladder cancer.

Figure S4. Single base substitution spectrum and mutational signatures in the Chinese cohort.
(A) SBS mutation counts per patient. (B) Comparative contributions of mutational signatures between CCA and GBC. Abbreviations: SBS, single base substitution; CCA, cholangiocarcinoma; GBC, gallbladder cancer.

Figure S5. Comparative analysis of GBC and CCA in the staged sub-cohort.
(A) Forest plot comparing clinicopathological factors and genomic alterations between GBC and CCA. (B) Alteration frequencies of major oncogenic signaling pathways by tumor subtype. Abbreviations: GBC, gallbladder cancer; CCA, cholangiocarcinoma; CNV, copy number variation.
Figure S6. FGFR gene alterations.
(A) Genomic breakpoints involved in FGFR rearrangements. (B) FGFR1 mutations. (C) FGFR2 mutations. (D) FGFR3 mutations. (E) FGFR4 mutations.

Figure S7. Forest plot demonstrating the association of clinical characteristics and somatic alterations with CCA and GBC subtypes in the MSKCC cohort.

Figure S8. Altered signaling pathways, SBS spectrum, and mutational signatures in the MSKCC cohort.
(A) Differentially dysregulated signaling pathways in CCA and GBC. (B) SBS mutation counts per patient. (C) Comparative analysis of mutational signature contributions between CCA and GBC. Abbreviations: SBS, single base substitution; CCA, cholangiocarcinoma; GBC, gallbladder cancer.

Figure S9. Co-occurrence and mutual exclusivity of frequently altered genes and associated clinical features.

Figure S10. Kaplan-Meier survival analysis stratified by IDH1/IDH2 mutation status.

Figure S11. Overall survival in the MSKCC cohort.
Kaplan-Meier survival analysis stratified by: (A) SMAD4 mutation status; (B) MYC amplification; (C) median TMB; (D) PBRM1 mutation; (E) combined IDH1/2 mutation status and BTC subtype. Abbreviations: OS, overall survival; BTC, biliary tract carcinoma; CCA, cholangiocarcinoma; GBC, gallbladder cancer.

