Supplementary Materials
Supplementary Tables
Table S1. Clinical characteristics of patients for MSKCC-cohort
	Characteristics
	Biliary tract carcinoma
	Cholangiocarcinoma
	Gallbladder cancer 
	P value

	
	(n=410)
	(n=182) 
	(n=228)
	

	Age at diagnosis, years
	　
	　0.258

	>60
	256 (62.6%)
	108 (59.3%)
	148 (65.2%)
	　

	≤60
	153 (37.4%)
	74 (40.7%)
	79 (34.8%)
	

	Unknown
	1
	0
	1
	

	Median (Range)
	65 (25~90)
	63 (25~84)
	66 (37~90)
	　

	Sex, No. (%)
	　
	　
	　<0.001

	Male
	166(40.5%)
	95(52.2%)
	71(31.1%)
	　

	Female
	244(59.5%)
	87(47.8%)
	157(68.9%)
	　

	Microsatellite instability status, No. (%)
	
	
	0.737

	MSS
	396(97.8%)
	174(98.3%)
	222(97.4%)
	

	MSI
	9(2.2%)
	3(1.7%)
	6(2.6%)
	

	Unknown
	5
	5
	0
	


MSI, microsatellite instability; MSS, microsatellite stability.

Table S2. Clinical characteristics of patients with available OS data for MSKCC-cohort
	Characteristics
	Biliary tract carcinoma
	Cholangiocarcinoma
	Gallbladder cancer
	P value

	
	(n=280)
	(n=182)
	(n=98)
	

	Age at diagnosis, years
	
	0.244

	>60
	173(62.0%)
	108(59.3%)
	65(67%)
	

	≤60
	106(38.0%)
	74(40.7%)
	32(33%)
	

	Unknown
	1
	0
	1
	

	Median(Range)
	65(25~90)
	63(25~84)
	67(38~90)
	

	Sex, No.(%)
	
	
	<0.001

	Male
	121(43.2%)
	95(52.2%)
	26(26.5%)
	

	Female
	159(56.8%)
	87(47.8%)
	72(73.5%)
	

	Microsatellite stability
	
	
	
	0.670

	MSS
	269(97.8%)
	174(98.3%)
	95(96.9%)
	

	MSI
	6(2.2%)
	3(1.7%)
	3(3.1%)
	

	Unknown
	5
	5
	0
	


MSI, microsatellite instability; MSS, microsatellite stability; OS, overall survival

Table S3. Comparison of clinical and genomic features between GBC and CCA subtypes with FDR-adjusted P-values.
	Variable
	P
	P-FDR

	CCNE1_CNV
	4.5E-06
	5.4E-05

	TP53_pathway
	5.2E-06
	5.4E-05

	TP53_Mutation
	9.5E-06
	6.7E-05

	ERBB2_Variation
	2.0E-04
	0.001

	Sex_male
	0.001
	0.005

	SMAD2_Variation
	0.001
	0.005

	ARID2_Mutation
	0.002
	0.005

	PBRM1_Mutation
	0.003
	0.007

	IDH12_Mutation
	0.013
	0.031

	TERT_Mutation
	0.016
	0.032

	MEN1_Variation
	0.019
	0.032

	SOX2_CNV
	0.019
	0.032

	BLM_Mutation
	0.020
	0.032

	STK11_Mutation
	0.021
	0.032

	MCL1_CNV
	0.025
	0.035

	IL7R_Variation
	0.027
	0.035

	DDR_pathways
	0.036
	0.043

	ARID1A_Mutation
	0.038
	0.043

	NRAS_Variation
	0.039
	0.043

	KRAS_Variation
	0.044
	0.046

	Age_60
	0.051
	0.051


Abbreviations: CCA, cholangiocarcinoma; GBC, gallbladder cancer; CNV, copy number variation; DDR, DNA damage response; FDR, false discovery rate.

Table S4. Comparison of clinicopathological and genomic features between staged (n=137) and unstaged (n=121) patient sub-cohorts.
	[bookmark: _Hlk223963226]Variable
	Staged group
	Unstaged group
	P
	P-FDR

	
	No.
	Frequency
	No.
	Frequency
	
	

	Age>60yrs
	60
	43.8%
	76
	62.8%
	0.003 
	0.257 

	TP53_pathway
	83
	60.6%
	91
	75.2%
	0.016 
	0.680 

	ERBB3_Mutation
	4
	2.9%
	12
	9.9%
	0.035 
	0.680 

	CDKN2A_Mutation
	6
	4.4%
	14
	11.6%
	0.037 
	0.680 

	Cell_Cycle_pathway
	50
	36.5%
	60
	49.6%
	0.043 
	0.680 

	DDR_pathway
	95
	69.3%
	98
	81.0%
	0.044 
	0.680 

	BAP1_Mutation
	11
	8.0%
	3
	2.5%
	0.057 
	0.680 

	BAP1_Variation
	11
	8.0%
	3
	2.5%
	0.057 
	0.680 

	TP53_Variation
	71
	51.8%
	76
	62.8%
	0.079 
	0.745 

	ERBB3_Variation
	8
	5.8%
	15
	12.4%
	0.080 
	0.745 

	CCND1_Variation
	4
	2.9%
	10
	8.3%
	0.096 
	0.745 

	DDR2_Variation
	4
	2.9%
	10
	8.3%
	0.096 
	0.745 

	TP53_Mutation
	70
	51.1%
	75
	62.0%
	0.102 
	0.745 

	TERC_CNV
	4
	2.9%
	9
	7.4%
	0.152 
	0.937 

	TERC_Variation
	4
	2.9%
	9
	7.4%
	0.152 
	0.937 

	CCNE1_Variation
	8
	5.8%
	13
	10.7%
	0.175 
	0.937 

	MYC_CNV
	8
	5.8%
	13
	10.7%
	0.175 
	0.937 

	ERBB2_Variation
	13
	9.5%
	19
	15.7%
	0.185 
	0.937 

	ERBB2_CNV
	6
	4.4%
	10
	8.3%
	0.209 
	0.937 

	CDKN2A_Variation
	25
	18.2%
	30
	24.8%
	0.225 
	0.937 

	APC_Variation
	8
	5.8%
	12
	9.9%
	0.250 
	0.937 

	CCNE1_CNV
	8
	5.8%
	12
	9.9%
	0.250 
	0.937 

	ATM_Mutation
	9
	6.6%
	13
	10.7%
	0.268 
	0.937 

	LRP1B_Variation
	9
	6.6%
	13
	10.7%
	0.268 
	0.937 

	HIPPO_pathway
	15
	10.9%
	8
	6.6%
	0.276 
	0.937 

	Sex_male
	72
	52.6%
	56
	46.3%
	0.322 
	0.937 

	ERBB2_Mutation
	7
	5.1%
	10
	8.3%
	0.327 
	0.937 

	RB1_Variation
	7
	5.1%
	10
	8.3%
	0.327 
	0.937 

	STK11_Mutation
	7
	5.1%
	10
	8.3%
	0.327 
	0.937 

	PKHD1_Mutation
	12
	8.8%
	6
	5.0%
	0.328 
	0.937 

	PKHD1_Variation
	12
	8.8%
	6
	5.0%
	0.328 
	0.937 

	NRF2_pathway
	8
	5.8%
	11
	9.1%
	0.348 
	0.937 

	APC_Mutation
	8
	5.8%
	11
	9.1%
	0.348 
	0.937 

	FAT1_Variation
	13
	9.5%
	7
	5.8%
	0.352 
	0.937 

	LRP1B_Mutation
	9
	6.6%
	12
	9.9%
	0.367 
	0.937 

	ARID1A_Variation
	22
	16.1%
	14
	11.6%
	0.369 
	0.937 

	MCL1_CNV
	22
	16.1%
	14
	11.6%
	0.369 
	0.937 

	ATM_Variation
	10
	7.3%
	13
	10.7%
	0.385 
	0.937 

	STK11_Variation
	10
	7.3%
	13
	10.7%
	0.385 
	0.937 

	MYC_Variation
	11
	8.0%
	14
	11.6%
	0.401 
	0.937 

	FBXW7_Mutation
	9
	6.6%
	5
	4.1%
	0.424 
	0.937 

	RICTOR_Variation
	9
	6.6%
	5
	4.1%
	0.424 
	0.937 

	RB1_Mutation
	6
	4.4%
	9
	7.4%
	0.425 
	0.937 

	TGFBR2_Mutation
	11
	8.0%
	6
	5.0%
	0.452 
	0.937 

	ARID1A_Mutation
	20
	14.6%
	13
	10.7%
	0.455 
	0.937 

	TGF-beta_pathway
	34
	24.8%
	25
	20.7%
	0.460 
	0.937 

	FAT1_Mutation
	12
	8.8%
	7
	5.8%
	0.475 
	0.937 

	MCL1_Variation
	22
	16.1%
	15
	12.4%
	0.478 
	0.937 

	MDM2_CNV
	9
	6.6%
	11
	9.1%
	0.491 
	0.937 

	MDM2_Variation
	10
	7.3%
	12
	9.9%
	0.507 
	0.937 

	KRAS_Mutation
	38
	27.7%
	29
	24.0%
	0.570 
	0.937 

	NOTCH_pathway
	34
	24.8%
	34
	28.1%
	0.574 
	0.937 

	NOTCH1_Variation
	8
	5.8%
	5
	4.1%
	0.581 
	0.937 

	EGFR_Variation
	6
	4.4%
	8
	6.6%
	0.584 
	0.937 

	NOTCH2_Variation
	6
	4.4%
	8
	6.6%
	0.584 
	0.937 

	FBXW7_Variation
	10
	7.3%
	6
	5.0%
	0.606 
	0.937 

	MECOM_Variation
	9
	6.6%
	6
	5.0%
	0.607 
	0.937 

	CDK12_Variation
	8
	5.8%
	9
	7.4%
	0.625 
	0.937 

	ARID2_Mutation
	11
	8.0%
	7
	5.8%
	0.626 
	0.937 

	ARID2_Variation
	11
	8.0%
	7
	5.8%
	0.626 
	0.937 

	WNT_pathway
	24
	17.5%
	24
	19.8%
	0.635 
	0.937 

	PBRM1_Mutation
	9
	6.6%
	10
	8.3%
	0.640 
	0.937 

	NF1_Variation
	12
	8.8%
	8
	6.6%
	0.643 
	0.937 

	TGFBR2_Variation
	12
	8.8%
	8
	6.6%
	0.643 
	0.937 

	PTPRD_CNV
	10
	7.3%
	11
	9.1%
	0.653 
	0.937 

	PTPRD_Variation
	10
	7.3%
	11
	9.1%
	0.653 
	0.937 

	KRAS_Variation
	40
	29.2%
	32
	26.4%
	0.677 
	0.937 

	SMAD4_Mutation
	17
	12.4%
	13
	10.7%
	0.702 
	0.937 

	SMAD4_Variation
	20
	14.6%
	15
	12.4%
	0.716 
	0.937 

	RTK/RAS_pathway
	100
	73.0%
	91
	75.2%
	0.776 
	0.937 

	MET_Variation
	6
	4.4%
	7
	5.8%
	0.777 
	0.937 

	NFE2L2_Variation
	6
	4.4%
	7
	5.8%
	0.777 
	0.937 

	PTK2_CNV
	6
	4.4%
	7
	5.8%
	0.777 
	0.937 

	RECQL4_Variation
	6
	4.4%
	7
	5.8%
	0.777 
	0.937 

	Cancer_CCA
	101
	73.7%
	87
	71.9%
	0.780 
	0.937 

	GNAS_Mutation
	8
	5.8%
	6
	5.0%
	0.791 
	0.937 

	KMT2B_Variation
	8
	5.8%
	6
	5.0%
	0.791 
	0.937 

	RNF43_Mutation
	8
	5.8%
	6
	5.0%
	0.791 
	0.937 

	RNF43_Variation
	8
	5.8%
	6
	5.0%
	0.791 
	0.937 

	PI3K_pathway
	52
	38.0%
	48
	39.7%
	0.799 
	0.937 

	PTK2_Variation
	10
	7.3%
	7
	5.8%
	0.802 
	0.937 

	NF1_Mutation
	11
	8.0%
	8
	6.6%
	0.812 
	0.937 

	PBRM1_Variation
	10
	7.3%
	10
	8.3%
	0.819 
	0.937 

	PIK3CA_Variation
	13
	9.5%
	13
	10.7%
	0.837 
	0.946 

	TERT_Variation
	25
	18.2%
	21
	17.4%
	0.872 
	0.975 

	PIK3CA_Mutation
	13
	9.5%
	12
	9.9%
	1.000 
	1.000 

	MYC_pathway
	16
	11.7%
	15
	12.4%
	1.000 
	1.000 

	CDK6_Variation
	7
	5.1%
	6
	5.0%
	1.000 
	1.000 

	CDKN2A_CNV
	19
	13.9%
	16
	13.2%
	1.000 
	1.000 

	CDKN2B_CNV
	15
	10.9%
	13
	10.7%
	1.000 
	1.000 

	CDKN2B_Variation
	15
	10.9%
	13
	10.7%
	1.000 
	1.000 

	GNAS_Variation
	12
	8.8%
	11
	9.1%
	1.000 
	1.000 

	KDM5A_Variation
	7
	5.1%
	6
	5.0%
	1.000 
	1.000 

	KMT2B_Mutation
	7
	5.1%
	6
	5.0%
	1.000 
	1.000 

	TERT_Mutation
	20
	14.6%
	18
	14.9%
	1.000 
	1.000 


Abbreviations: FDR, false discovery rate; CNV, copy number variation; BTC, biliary tract carcinoma.

Table S5. Univariate analysis of overall survival in MSKCC-cohort.
	Type
	Factors
	Frequency
	HR(95% CI)
	P value

	Clinic
	Cancer_CCA
	65.0%
	0.63(0.46~0.85)
	0.003

	Clinic
	Age>60yrs
	61.8%
	1.12(0.83~1.5)
	0.465

	Clinic
	Sex_female
	56.8%
	0.93(0.7~1.24)
	0.608

	TMB
	TMB-H
	48.9%
	1.43(1.07~1.91)
	0.014

	Mutation
	PBRM1
	8.6%
	0.5(0.27~0.92)
	0.022

	Mutation
	ARID1A
	22.1%
	1.31(0.93~1.85)
	0.121

	Mutation
	STK11
	5.0%
	1.61(0.79~3.29)
	0.186

	Mutation
	IDH12
	18.2%
	0.8(0.54~1.19)
	0.271

	Mutation
	BLM
	0.4%
	2.5(0.35~17.92)
	0.347

	Mutation
	IDH1
	16.8%
	0.82(0.54~1.25)
	0.358

	Mutation
	PIK3CA
	8.6%
	1.25(0.74~2.08)
	0.401

	Mutation
	TP53
	37.9%
	1.13(0.84~1.52)
	0.419

	Mutation
	IDH2
	1.4%
	0.71(0.22~2.22)
	0.550

	Mutation
	ARID2
	5.0%
	0.82(0.42~1.6)
	0.552

	Mutation
	TERT
	3.9%
	0.99(0.5~1.94)
	0.976

	Mutation
	POLE
	2.1%
	1(0.37~2.69)
	0.995

	Alteration
	FGFR4
	1.4%
	3.44(1.09~10.83)
	0.025

	Alteration
	KRAS
	12.5%
	1.35(0.91~2.01)
	0.136

	Alteration
	FGFR1
	0.7%
	2.33(0.58~9.44)
	0.221

	Alteration
	MEN1
	1.4%
	2.95(0.41~21.44)
	0.261

	Alteration
	SMAD2
	1.1%
	2.12(0.52~8.6)
	0.280

	Alteration
	FGFR2
	9.3%
	0.74(0.42~1.3)
	0.298

	Alteration
	NRAS
	2.5%
	1.33(0.58~3.02)
	0.499

	Alteration
	IL7R
	1.4%
	0.64(0.09~4.6)
	0.656

	Alteration
	FGFR3
	2.1%
	1.21(0.45~3.27)
	0.707

	Alteration
	ERBB2
	8.9%
	1.04(0.61~1.76)
	0.893

	CNV
	SOX2
	0.4%
	0(0~Inf)
	0.515

	CNV
	MCL1
	2.9%
	1.18(0.55~2.51)
	0.670

	CNV
	CCNE1
	4.6%
	0.97(0.48~1.98)
	0.942

	Pathway
	p53
	50.4%
	1.14(0.86~1.52)
	0.356

	Pathway
	DDR
	69.6%
	1.07(0.78~1.45)
	0.681


[bookmark: _Hlk224113688]TMB, tumor mutational burden; CNV, copy number variation; DDR, DNA damage response; CCA, cholangiocarcinoma

Table S6. Univariate and multivariate analysis of overall survival in MSKCC-cohort.
	Characteristics
	Univariate analysis
	Multivariate analysis

	
	HR(95%CI)
	P
	HR(95%CI)
	P

	Cancer
	　
	　
	　
	　

	CCA versus GBC
	0.63(0.46~0.85)
	0.003
	0.75(0.54~1.04)
	0.089

	SMAD4
	　
	　
	　
	　

	 variant versus wild-type
	2.02(1.40~2.91)
	<0.001 
	1.74(1.16~2.61)
	0.008

	MYC
	　
	　
	　
	　

	amplification versus non-amp
	2.39(1.30~4.42)
	0.004
	2.21(1.17~4.17)
	0.014

	ERBB3
	　
	　
	　
	　

	mutation versus non-mut
	2.06(1.14~3.72)
	0.015
	1.16(0.85~1.58)
	0.364

	PBRM1
	　
	　
	　
	　

	mutation versus non-mut
	0.50(0.27~0.92)
	0.022
	1.53(0.82~2.86)
	0.186

	TMB
	　
	　
	　
	　

	>median versus ≤median
	1.43(1.07~1.91)
	0.014
	0.54(0.29~1.01)
	0.052


TMB, tumor mutational burden; CCA, cholangiocarcinoma; GBC, gallbladder cancer

Supplementary methods
Next-generation sequencing (NGS) 
[bookmark: OLE_LINK40][bookmark: OLE_LINK38][bookmark: OLE_LINK39]NGS was performed on formalin-fixed, paraffin-embedded (FFPE) tissue obtained from core biopsy or resected specimen of the primary tumor. All samples were sequenced in a CLIA- and CAP-certified genomic testing facility (Nanjing Geneseeq Technology Inc., Nanjing, China). NGS was performed as previously described1,2. In brief, DNA from tumor samples and white blood cells were isolated using the QIAamp DNeasy Blood & Tissue kit (Qiagen, Dusseldorf, Germany) following the manufacturer’s instructions. DNA samples were quantified and qualified using the Qubit 2.0 Fluorometer (Life Technologies, Waltham, MA) and Bioanalyzer 2100 (Agilent Technologies, CA, USA). Sequencing libraries were prepared by using the KAPA Hyper DNA Library Prep Kit (KAPA Biosystems, Wilmington, MA) according to the manufacturer's protocol. Hybridization-based target enrichment was performed with customized xGen lockdown probes (Integrated DNA Technologies) targeting 425 cancer-relevant genes. Captured libraries were PCR-amplified with KAPA HiFi HotStart ReadyMix (KAPA Biosystems) followed by quantification using KAPA Library Quantification kit (KAPA Biosystems). DNA sequencing was performed on the HiSeq4000 NGS platform (Illumina) with a paired-end 150-bp read length. The mean coverage depth was 251× for white blood cell controls and 1367× for tumor tissues.

Mutation calling and genomic analysis
Mutation calling was performed as previously described1,3,4. In brief, Trimmomatic (v0.36) was used for FASTQ file quality control (QC)5. High-quality reads were aligned to the reference human genome (hg19, GRCh37) through Burrows-Wheeler aligner (BWA) v0.7.126. PCR deduplication was performed using Picard, and local realignment around insertions/deletions (indels) and base quality score recalibration was performed using the Genome Analysis Toolkit (GATK v3.2)7. Somatic single nucleotide variants (SNVs) and short indels were identified using VarScan28, and copy number variations (CNVs) were called using CNVKit9. CNV gain and loss were identified by depth ratio of ≥ 2.0 and ≤ 0.6, respectively. SNVs and indels were further filtered using the following criteria: i) minimum ≥ 3 variant supporting reads,  ≥ 0.5% variant allele frequency (VAF) supporting the variant and depth ≥ 30X for hotspot mutations, and minimum ≥ 6 variant supporting reads, ≥ 1% VAF supporting the variant and depth ≥ 30X for non-hotspot mutations; ii) filtered if present in > 1% population frequency in the 1000g or ExAC database; iii) filtered through an internally collected list of clonal hematopoiesis-related mutations and recurrent sequencing errors on the same sequencing platform. The final list of mutations was annotated using vcf2maf. A genomic alteration was considered actionable if it has been reported to activate its corresponding protein product.
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