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Supplementary materials and methods

Dataset analyses

For WES/WGS cases, the raw sequencing data of 321 ICC samples and matched normal
samples from previous studies (accession ID: SRP025150; SRP045202; SRP050003;
EGAS00001000389; EGA00001000950; EGAS00001001653) were downloaded (Table S1). We
processed raw sequences (FASTQ files) to filter low quality reads and trimmed adapter sequences.
Resulting sequences were mapped to the human genome assembly (hgl9) using Burrows-Wheeler
Aligner (BWA) software by default parameters !. Mapped BAM files were filtered to remove PCR
duplicates and excluded multi-mapping reads using samtools 2. Only unique mapping reads were
used for downstream analysis. Somatic substitutions were detected by VarScan® and high confident
somatic SNVs were called if the following criteria were met (1) both the tumor and normal samples
should be covered sufficiently (= 10 X ) at the genomic position; (2) the variants should be
supported by at least 10% of the total reads in the tumor while less than 2% in the normal; (3) the
variants should be supported by at least three reads in the tumor; (4) distance between adjacent
somatic SNV distance should be over 10bp. High confident somatic insertions and deletions (indels)
were called using the following steps: (1) candidate somatic indels were predicted with GATK
Somaticlndel Detector with default parameters; (2) for each predicted somatic indel, local
realignment was performed with combined normal and tumor bam files; (3) high confident somatic
indels were defined after filtering germline events. All high confident somatic mutations were
filtered out by the dbSNP135 and the remaining mutations were annotated with ANNOVAR and
subjected to subsequent analyses. For the remaining 184 WES/WGS cases with raw sequencing data
unavailable, processed data was fully retrieved from the supplementary materials of the original
publications or the depository databases (Table S1).

For STS cases, processed data was fully retrieved from the supplementary materials of the
original publications, and samples without detailed information on specific gene mutations were
excluded. All the above mutational data was carefully censored by two investigators (Xiang-Yu
Wang and Zheng Wang) independently.

Meta-analysis of mutational heterogeneity across multiple cancers have shown that some

members of certain gene families, such as MUCIN, NEUROBLASTOMA BREAKPOINT FAMILY



and TTN are significantly mutated across multiple cancers . These genes are unlikely to have

association in the context of ICC pathogenesis and thus excluded from downstream analysis.

DNA extraction and sequencing
Genomic DNA was extracted using the QIAamp DNA mini kit for snap-frozen samples or the

Qiagen DNA FFPE tissue kit (Qiagen Inc, Valencia, CA, USA) for paraffin-embedded samples
according to the manufacturer’s instructions. Non-cancerous liver tissues were used as the normal
tissue. Sanger sequencing of all exons of TP53, SMAD4 and BAPI, exon 2, 3 and 4 of KRAS gene,
exon 3 of IDHI and exon 4 of IDH2, were carried out in 123 snap-frozen tissues as previously
described °. NGS platform based genomic profiling was performed in a Clinical Laboratory
Improvement Amendments-certified and College of American Pathologists-accredited laboratory
(3DMedcines Inc., China) for the sequencing of the rest 102 FFPE tissues. DNA extracts (30-200 ng)
were sheared into 250-bp fragments using an S220 focused-ultrasonicator (Covaris). Libraries were
prepared using the KAPA Hyper Prep Kit (KAPA Biosystems) following the manufacturer’s
protocol. For targeted capture, indexed libraries were subjected to probe-based hybridization with
two customized NGS panels targeting 381 cancer-related genes or 36 ICC-related genes (Table S3),
where the probe baits were individually synthesized, 5° biotinylated, 120-bp DNA oligonucleotides
(IDT), and repetitive elements were filtered out from intronic baits according to the annotation
provided by UCSC Genome RepeatMasker. The captured libraries were loaded onto a NovaSeq 6000
platform (Illumina) for 100-bp paired-end sequencing with a mean sequencing depth of 500 X . Raw
data of tissue samples were mapped to the reference human genome hgl9 using the BWA software.
Variant calling was performed only in the targeted regions. Somatic single nucleotide variants (SNVs)
were detected using MuTect (v1.1.7) (https://github.com/broadinstitute/mutect), and somatic
insertions and deletions (indels) were detected  using Pindel (v0.2.5a8)
(http://gmt.genome.wustl.edu/packages/pindel) with default parameters. Copy number variations
(CNVs) were called by an in-house developed script with a cutoff of 6 copies. Gene rearrangements
were identified by analyzing the clipped reads that could be extracted by the tag information of bam
files mapped by BWA software. Single-nucleotide polymorphisms (SNPs) and indels were annotated
by ANNOVAR against the following databases: dbSNP (v138), 1000 Genomes and ESP6500

(population frequency > 0.015). Only missense, stopgain, frameshift and nonframeshift indel



mutations were retained. This study was approved by the Ethics Committee of Huashan Hospital,

Fudan University; and all subjects agreed with informed consent to participate in the study.

Cell lines and cultures

Eight human cholangicarcinoma cell lines were used in our study, including seven human ICC
cell lines: HCCC9810 and RBE (Chinese Academy of Sciences Cell Line Bank, China), SNU-1079
(Korean Cell Line Bank, Korea), HuccT1 and Huh28 (Riken BioResource Center, Japan), CC-LP-1
and SG-231 were kind gifts from Dr. Yue Xiong. A perihilar cholangiocarcinoma cell lines
QBC-939 was a kind gift from Dr. Shuguang Wang (Chongqing, China). All the cell lines were
maintained in 1640 with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin mixture. All
cell lines were authenticated by morphology and biologic behavior, and were routinely tested

negative for mycoplasma contamination before experiments.

Cell proliferation

Cell proliferation was determined by direct cell number counting. In brief, cell lines were
seeded in triplicate in 6-well plates at initial density of 3*10”4/well. Culture medium was refreshed
every day. The cell number was counted at the indicated time points using BioTech Automated Cell

Counter System under the manufacture’s instruction (Countstar).

Tumor xenograft mouse models

Animal experiments were approved by the Committee on the use of live animals for teaching
and research of Fudan University. Different ICC cell lines (10”6 cells) were suspended in 100 pl
serum-free RPMI/Matrigel (BD Biosciences; 1:1 volume) and inoculated subcutaneously into the
flank of 6- to 8-week-old male NOD/SCID mice under anesthesia. The mice were monitored weekly

for palpable tumors for 8-10 weeks.

In vitro drug screening

Cells were plated in 96 well plates (4000 cells/well) in culture medium. The following day,
increasing doses of either Gemcitabine (S1714, Selleck Chemicals, USA), 5-FU (S1209, Selleck
Chemicals, USA), Cisplatin (S1166, Selleck Chemicals, USA),  Oxaliplatin (S1224, Selleck



Chemicals, USA), Docetaxel (S1148, Selleck Chemicals, USA), Sorafenib (S7397, Selleck
Chemicals, USA), Dasatinib (S1021, Selleck Chemicals, USA), Gefitinib (S1025, Selleck Chemicals,
USA), Lapatinib (S2111, Selleck Chemicals ,USA), JQ1 (S7110, Slleck Chemicals, USA), GSK126
(S7061, Selleck Chemicals, USA), Olaparib (S1060, Selleck Chemicals ,USA) or Niraparib (S2741,
Selleck Chemicals, USA) was added and the cells were allowed to grow until DMSO-treated wells
reached confluence (three days). To quantify viable cells, MTT (M-6494, Thermo Fisher Scientific,
USA) was added to the culture media at a final concentration of 1 mg/ml and incubated for 3 h at
37°C. Formazan crystals were solubilized with 100 pL/well of DMSO and absorbance was read at
490 nm and normalized to DMSO control. All MTT proliferation assays were performed in duplicate
and data are represented as mean + s.e.m. between three independent experiments unless otherwise

indicated in the figure legend.

Immunohistochemistry

Immunohistochemical (IHC) staining assays were carried out on 4-mm thick FFPE tissue
sections. Tissue sections were deparaffinized three times by xylene and then hydrated in water for 15
min. Hydrogen peroxide (0.6%) was used to eliminate endogenous peroxidase activity. The sections
were blocked with goat serum in Tris-buffered saline for 30 min. Sections were then incubated with
anti-CK19 antibody (ab52625, Abcam), anti-S100P antibody (ab133554, Abcam) and anti-CK17
antibody (ab109725, Abcam) overnight at 4°C. Secondary antibody was then applied and incubated
at 37°C for 1 h. Sections were developed with diaminobenzidine and stopped with water.
Photographs of representative fields were captured using a Leica CCD camera DFC420 connected to
a Leica DMIRE2 microscope (Leica Microsystems Imaging Solutions, Cambridge, UK).

The expressions of SIO0P and KRT17 were examined by two pathologists, who were blinded
to the clinical data of the patients. The pathologists inspected the complete tumor sections at 100 and
200 magnifications. The staining intensity was determined as 0 (absent), 1 (weak), 2 (moderate), and
3 (strong). The expression levels of S1I00P and KRT17 were semi-quantified using an IHC score
calculated by multiplication of the staining intensity (0-3) with the percentage of positive tumor cells
(0-100%). The ranges of IHC scores for each biomarker in tumor tissue are as follows: 0-225 for
S100P (median 95), 0-285 for KRT17 (median 130). The cut-off IHC scores that were considered
positive are 70 for S100P and 90 for KRT17. The cases with IHC scores below the cut-off values



were considered negative.

Follow-up

The patients of the internal validation cohort were followed-up using routine blood tests,
physical examination, and abdominal ultrasonography every two months in the first two years and
every three months thereafter at our hospital after operations. The primary endpoint was overall
survival (OS). OS was defined as the interval between the dates of surgery and death. The follow-up
information of other cohorts was available in the supplementary data of the original studies,

respectively.

Supplementary Figure legends

Figure S1 The most recurrently mutated genes of ICC in the discovery cohort
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Figure S2 TMB for ICC between different mutational clusters in the WES/WGS cohort
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Figure S3 Validation of the robustness of the proposed mutational cluster in independent ICC
cohorts. The co-mutation was calculated by chi-square test

(A) STS cohort in the discovery dataset including 263 ICC cases.

(B) Internal validation cohort including 225 ICC cases.

(C) External validation cohort including 212 ICC cases from Western countries using NGS panel
from the GENIE database.

(D) External validation cohort including 239 ICC cases from Asian countries (mostly Thailand)
using NGS panels from the TIGER-LC and ICGC studies.
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Figure S4 TMB between different mutational clusters from the validation cohorts

# Nonsynonymous mutations

|ICGC cohort MSKCC cohort

*%* . * %%

*%k%* *kk*
120 7 — 30 7
- e — e

110 7

100 1

N
o
1

WO
oo
1

N

o

1
N
o
1
[ ]

# Nonsynonymous mutations

[ )
®
[
10 -
L]
[ J L B J
- [ ]
[T J
(]
L1 _J
[ ) [ X J
® [atelel
0 r . . o — 0 : r ‘e roo—
Cluster1A Cluster1B Cluster2 Cluster3 Cluster1A Cluster1  Cluster2 Cluster3

Figure S5 Association of patient survival with different mutational clusters in ICC
(A) OS from the combined cohort showed different prognosis between mutational clusters in ICC.
(B) RFS from the combined cohort showed different prognosis between mutational clusters in ICC.
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Figure S6 Survival analyses from multi-center cohorts showed different prognosis (OS and

RFS) between different mutational clusters
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Figure S7 345 ICCs from China (FUDAN and EHBH cohort) were enrolled for univariate (A)
and multivariate (B) Cox regression test. Multivariate analysis confirmed the prognostic value
of Cluster1 even after accounting for CA19-9 level, clinical staging.
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Figure S8 Correlation of different clusters with ICC cell biological behavior

(A) The distribution of mutational clusters in CCA cell lines.

(B) Proliferation ability among ICC cell lines with different mutational clusters.

(C) Tumorigenic ability in vivo among ICC cell lines with different mutational clusters (n = 5). Data
represent means=SEM. *P < 0.05, **P <0.01 and ***P < 0.001, Student’s t-test.
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Figure S9 Analysis of ICC progression related genes expression among different mutational
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Figure S10 (A) Analysis of PDGFD and FGFR2/3/4 gene expression among different mutational clusters.
Statistical significance was determined by Mann-Whitney test (2 tailed). (B) FGFR2/3/4 pathway activation
exist across the Cluster 2 ICCs.
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Figure S11 Correlation between S100P and KRT17 mRNA expression in ICC from 9 gene
expression profiling datasets.
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Figure S12 Impact of S100P/KRT17 mRNA expression on OS in ICC.
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Figure S13 The distribution of S100P/KRT17 expression status (double positive, single positive

or double negative) among different mutational clusters of ICC by immunohistochemistry
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Figure S14 The diagnostic performance between CP score and CA19-9 alone for distinguishing
Cluster1 ICCs from Cluster2 ICCs was compared through the analyses of receiver operating

characteristic (ROC) curves (n = 94)
1.0

o o o
H ® ®

True positive rate (sensitivity)

o
N

= CP score
m— CA19-9

%8’ 0.2 0.4 0.6 0.8 1.0
False positive rate (1-specificity)

Area under receiver operating characteristic curve (AUROC)

95% CI
AUC SE P value Lower Up

CP score 0.923 0.036 | <0.0001 | 0.853 0.993
CA19-9 0.810 0.056 |<0.0001 | 0.699 0.920




Table S2: The clinico-pathological characteristics of ICC patients in the discovery and
validation cohorts

WES/WGS FUDAN MSKCC TIGER-LC ICGC ECC
Clkimierl vasesile cohort cohort cohort cohort cohort cohort
N =505 N =225 N=212 N =129 N=110 N=178

Demographic
Sex

Male 270 145 96 43 65 124

Female 195 80 116 86 45 54
Age (year)

Median 62 61 63 N.A. 59.5 63

>60 267 116 135 N.A. 55 109

<60 192 109 77 N.A. 55 66
Race

Asia 385 225 N.A. N.A. 77 145

White 116 0 N.A. N.A. 33 33

Black 4 0 N.A. N.A. 0 0
Etiology
Smoking

Never 135 N.A. N.A. N.A. N.A. N.A.

Ever 50 N.A. N.A. N.A. N.A. N.A.
T2DM

No 120 N.A. N.A. N.A. N.A. N.A.

Yes 15 N.A. N.A. N.A. N.A. N.A.
Alcohol consumption

Yes 23 N.A. N.A. N.A. N.A. N.A.

No 118 N.A. N.A. N.A. N.A. N.A.
HBYV status

Positive 99 75 N.A. N.A. 6 1

Negative 395 150 N.A. N.A. 62 124
HCV status

Positive 24 2 N.A. N.A. 3 1

Negative 470 223 N.A. N.A. 62 123

Liver fluke infection



Hepatolithiasis

Other
Tumor features

CA19-9

Tumor size

Tumor number

Vascular invasion

Perinural invasion

Tumor differentiation

TNM staging

Resection performed

Positive

Negative

Yes

Normal, < 100U/mL

Abnormal, > 100U

<5cm

>5cm

Single

Multinodular

Yes

Well
Moderate

Poor

II
I

v

Yes

14

462

469

103

54

116

125

&9

41

153

69

62

13

49

276

59

103

103

67

146

487

224

13

212

110

78

125

100

188

37

161

56

186

31

12

124

81

74

33

42

76

217

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

60

50

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

61

36

12

11

11

19

46

110

55

123

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

105

54

15

33

60

49

33

78



Clinical outcome
Median OS (months)  28.4 15 18.78 N.A.

Median RFS (months) 11.9 8 N.A. N.A.

18.1

N.A.

19.23

29.97

Abbreviations: N.A., not available; T2DM, type 2 diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus;

ECC, extrahepatic cholangiocarcinoma

Each value represents the number of patients

Table S3: Targeted Gene Panels

Panel A: List of the 381 genes targeted for sequencing

ABLI ABL2 ACVRIB ACVR24 ADAM29 ADGRA2 AKTI
AMERI APC AR ARAF ARFRPI ARIDI14 ARIDIB
ATR ATRX AURKA AURKB AXIN1 AXL BAPI
BCL2L11 BCL2L2 BCL6 BCOR BCORLI BCR BIRCS
BRAF BRCAI BRCA2 BRD4 BRIP] BTGI BTK
CBL CCNDI CCND2 CCND3 CCNEI CD274 CD794
CDKI12 CDK4 CDK6 CDK8 CDKNI4 CDKNIB CDKN24
CHD2 CHD4 CHEK] CHEK2 cic CRBN CREBBP
CSK CSNKIA41 CTCF CTNNAI CTNNBI CUL3 CXCR4
DAXX DDRI DDR2 DICERI DNMT34 DOTIL DPYD
EPHA? EPHA3 EPHAS EPHA7 EPHBI ERBB2 ERBB3
ERRFII ESRI ETVI ETV4 ETVS ETV6 EZH2
FANCC FANCD2 FANCE FANCF FANCG FANCL FAS
FGF14 FGF19 FGF23 FGF3 FGF4 FGF6 FGFRI1
FGR FH FLCN FLTI FLT3 FLT4 FOXL2
FYN GABRA6 GATAI GATA2 GATA3 GATA4 GATA6
GLI3 GNAI1l GNAI3 GNAQ GNAS GRIN24 GRM3
HGF HNF14 HRAS HSD3B1 HSP90441 IDHI IDH?2
IKZF1 IL7R INHBA INPP4B IRF2 IRF4 IRS2
JAK3 JUN KAT64 KDM54 KDMS5C KDM64 KDR
KLHL6 KMT24 KMT2C KMT2D KRAS LCK LIMK]
LYN LZTRI MAGI2 MAP2K1 MAP2K2 MAP2K4 MAP3KI

MDM4 MEDI2 MEF2B MENI MET MITF MLHI

AKT?
ARID?
BARDI
BLK
Cllorf30
CD79B
CDKN2B
CRKL
CYLD
EGF
ERBB4
FAMI3SB
FATI
FGFR2
FOXPI
GID4
GSK3B
IGFIR
ITK
KEAPI
LMOI
MAP4KS

MPL

AKT3

ASXL1

BCL2

BLM

CARDI1

CDC73

CDKN2C

CRLF2

CYP2C19

EGFR

ERCCI

FAM46C

FBXW7

FGFR3

FRS2

GLII

H3F34

IGF2

JAKI

KEL

LRPI

MCLI

MREI1A

ALK

ATM

BCL2LI

BMX

CBFB

CDHI

CEBPA

CSFIR

CYP2D6

EP300

ERG

FANCA

FGF10

FGFR4

FUBPI

GLI2

HCK

IKBKE

JAK2

KIT

LRPIB

MDM?2

MS4A41



MSH2 MSH6 MSTIR MTOR MUTYH MYB MYC MYCL MYCN MYDSS
NEK11 NF1 NF2 NFE2L2 NFKBIA NKX2-1 NOTCHI NOTCH2 NOTCH3 NPMI
NRAS NRGI1 NRG3 NSD1 NTRK1 NTRK2 NTRK3 NUP93 PAK3 PALB2
PARK?2 PAXS PBRM1 PDCDILG2 PDGFRA PDGFRB PDK1 PIK3C2B  PIK3CA PIK3CB
PIK3CD PIK3CG PIK3R1 PIK3R2 PKD?2 PLA2GIB PLCG2 PMS2 POLDI POLE
PPP2RIA PRDM1 PREX2 PRKARIA PRKCI PRKDC PRSSS8 PTCHI PTEN PTK2
PTK6 PTPNI1 OKI RACI RAD50 RADS1 RAF1 RANBP2 RARA RB1
RBM10 RET RICTOR RITI RNF43 ROCK1 ROCK2 ROS1 RPTOR RUNXI1
RUNXITI RXRA SDHA SDHB SDHC SDHD SETD2 SF3B1 SIK1 SLIT2
SMAD?2 SMAD3 SMAD4 SMARCA2 SMARCA4  SMARCBI  SMO SNCAIP SOCS1 SOX10
SOX2 SOX9 SPEN SPOP SPTAI SRC SRMS STAG2 STAT3 STAT4
STK11 STK24 SUFU SYK TAF1 TBX3 TCF7L2 TEK TERT TET?2
TGFBRI1 TGFBR2 TIE] TMPRSS2 TNFAIP3 TNFRSF14 TNFSF1l TNK2 TOP1 TOP24
TP53 TPMT 7SC1 78C2 TSHR TYK2 U24F1 UGTIAI VEGFA VHL
WEEI1 WEE2 WISP3 wT1 XIAP XPO1 YESI ZBTB2 ZNF217 ZNF703
ZNF750

Panel B: List of the 35 genes targeted for sequencing

APC ARAF ARIDI1A ARID2 ATM BAPI BRAF BRCAI BRCA2 CDKN24
ELF3 EPHA2 FBXW7 FGFR2 GNAS IDH] IDH?2 KRAS MLHI MSH?2
MSH6 NF1 NF2 NRAS PBRM1 PIK3CA PTEN RBI1 RNF43 SETD2
SMAD4 SMARCA4 TGFBR1 TGFBR2 TP53

In addition to the coding exons, fusion status are also captured for genes highlighted in bold

Table S4: Summary of the included gene expression and DNA methylation profile datasets for

analyse

Gene expression profile datasets of CCAs

Cohort Platforms Sample number Data Accession ID
TCGA-CHOL cohort [llumina HiSeq 2000 28 ICC and 6 ECC cbioportal

LEC cohort [llumina humanRef-8 v2.0 68 ICC and 36 ECC GSE26566

Sia D cohort Illumina HumanRef-8 WG-DASL V3.0 149 ICC GSE32225
TIGER-LC cohort Affymetrix Human Transcriptome Array 2.0 94 1CC GSE76297



Rhee H cohort

ICGC cohort

CIT cohort

DSMC cohort

Peraldo-Neia cohort

[llumina HumanHT-12 V4.0

Illumina HumanHT-12 V4.0

Affymetrix Human Transcriptome Array 2.0

Illumina NextSeq 500

[llumina HumanHT-12 WG-DASL V4.0

271CC

89 ICC and 29 ECC

78 ICC

30ICC

241CC

GSE66255

GSE89748

E-MTAB-6389

GSE107943

GSE107100

DNA methylation profile datasets of ICCs

Cohort Platforms Sample number Data Accession ID
Fudan/Mayo cohort Human Methylation450 BeadChip assays 56 ICC GSE32079
NUS cohort Human Methylation450 BeadChip assays 56 ICC GSE49656
ICGC cohort Human Methylation450 BeadChip assays 88 ICC GSE89803

Table S5: The list of frequently mutated genes and mutation frequency in the discovery cohort

Gene Mutation frequency
P53 21.99%
KRAS 17.27%
IDH1/2 14.78%
ARIDIA 13.04%
BAPI1 11.68%
PBRM1 8.33%
FGFR?2 fusion 7.38%
CDKN2A 6.06%
SMAD4 5.73%
PIK3CA 5.71%
EPHA2 5.23%
FGFR2 3.97%
ATM 3.39%
NRAS 3.23%
PTEN 3.23%
BRCA2 3.13%
KMT2D 2.98%
KMT2C 2.94%



ARID2 2.85%

NF1 2.78%
TGFBR2 2.34%
BRAF 2.24%
RBI 1.95%
FBXW7 1.95%
APC 1.95%
SETD?2 1.85%
ELF3 1.71%
GNAS 1.64%
TGFBRI 1.44%
ARAF 1.43%
BRCAI 1.36%
SMARCA4 1.25%
MSH6 1.09%
ROBO2 1.04%
RNF43 1.04%
NF2 1.00%
MLHI 0.64%
KMT24 0.52%
MSH?2 0.41%

Genes with mutation frequency > 2% were highlighted in bold

Table S6: List of somatic nonsilent single nucleotide variations and indels of the selected genes
in the WES/WGS cohort

Sequencing Gene Chromo Reference Variant Nucleotide Amino acid Mutation
Sample ID Reference Start position End position

method Symbol some Allele Allele Change change type
T7(8-6) Zou SS et al WES IDHI 2 209113113 209113113 G A SNV R132C Missense
T5(8-4) Zou SS et al WES TP53 17 7578410 7578410 T A SNV R174W Missense
T5(8-4) Zou SS et al WES ARID2 12 46245473 46245474 - G Insertion G1190 fs Frameshift
CT99 Zou SS et al WES TP53 17 7577120 7577120 C T SNV R273H Missense
CT97 Zou SS et al WES TP53 17 7577534 7577534 C A SNV R2498 Missense
CT95 Zou SS et al WES TP53 17 7576927 7576927 C A SNV Splice site Splice site
CT95 Zou SS et al WES TP53 17 7578419 7578419 C A SNV E171* Nonsense
CT94 Zou SS et al WES PTEN 10 89690843 89690843 A T SNV R84* Nonsense
CT91 Zou SS et al WES TGFBR2 3 30691872 30691872 A - Deletion K128 fs Frameshift




CT90 Zou SS et al ‘WES TP53 17 7577534 7577534 C SNV R2498 Missense
CT87 Zou SS et al ‘WES TP53 17 7578226 7578226 T SNV D208V Missense
CT86 Zou SS et al ‘WES EPHA2 1 16475486 16475486 G SNV C70W Missense
CT81 Zou SS et al ‘WES BRAF 7 140453149 140453149 C SNV G204R Missense
CT80 Zou SS et al ‘WES NRAS 1 115256529 115256529 T SNV Q6IR Missense
CT80 Zou SS et al ‘WES BAPI 3 52443757 52443757 G Deletion Ll4fs Frameshift
CT74 Zou SS et al ‘WES KmT2C 7 151879655 151879655 G SNV Q1764* Nonsense
CT71 Zou SS et al ‘WES TP53 17 7577568 7577568 C SNV C238F Missense
CT70 Zou SS et al ‘WES BRCA2 13 32914434 32914434 C SNV A1981V Missense
CT69 Zou SS et al ‘WES PIK3CA 3 178936091 178936091 G SNV E545K Missense
CT66 Zou SS et al ‘WES TP53 17 7578535 7578535 T SNV K132R Missense
CT66 Zou SS et al ‘WES SMAD4 18 48593491 48593494 AGAC Deletion D415 fs Frameshift
CT66 Zou SS et al ‘WES KRAS 12 25398284 25398284 C SNV GI12A Missense
CT63 Zou SS et al ‘WES TP53 17 7577538 7577538 C SNV R248Q Missense
CT63 Zou SS et al ‘WES NF1 17 29585521 29585521 G SNV Splice site Splice site
Inframe
CT59 Zou SS et al ‘WES TP53 17 7579346 7579348 AAG Deletion F113 del
deletion

CT59 Zou SS et al ‘WES KRAS 12 25398284 25398284 C SNV G12D Missense
CT58 Zou SS et al ‘WES TP53 17 7578224 7578224 T SNV R209* Nonsense
CTs56 Zou SS et al ‘WES ARIDIA 1 27092812 27092812 G SNV G945* Nonsense
CTs3 Zou SS et al ‘WES EPHA2 1 16464659 16464660 N Insertion Y334 fs Frameshift
CT53 Zou SS et al ‘WES ARIDI1A 1 27105550 27105550 C SNV R1721* Nonsense
CT51 Zou SS et al ‘WES TP53 17 7577534 7577534 C SNV R2498 Missense
CTs1 Zou SS et al ‘WES KmT2C 7 151904477 151904477 G SNV $1250C Missense
CT46 Zou SS et al ‘WES PBRM1 3 52668666 52668666 G Deletion P418fs Frameshift
CT46 Zou SS et al ‘WES KRAS 12 25398284 25398284 C SNV G12D Missense
CT46 Zou SS et al ‘WES KMT2C 7 151935871 151935871 C SNV ‘W858L Missense
CT46 Zou SS et al ‘WES IDH1 2 209113113 209113113 G SNV R132C Missense
CT44 Zou SS et al ‘WES PTEN 10 89690847 89690847 G SNV Splice site Splice site
CT42 Zou SS et al ‘WES IDHI 2 209113113 209113113 G SNV R132C Missense
CT41 Zou SS et al ‘WES TP53 17 7577534 7577534 C SNV R2498 Missense
CT41 Zou SS et al ‘WES PTEN 10 89717672 89717672 C SNV R233* Nonsense
CT34 Zou SS et al ‘WES TP53 17 7577509 7577509 C SNV E258Q Missense
CT34 Z