Library preparation and sequencing
Genomic DNA from formalin-fixed and paraffin-embedded (FFPE) sections and biopsy samples/ white blood cell control samples were extracted with the QIAamp DNA FFPE Tissue Kit and DNeasy Blood and Tissue Kit (Qiagen), respectively. The concentration and quality of extracted DNA were assessed with Qubit 3.0 Fluorometer and Nanodrop 2000 (Thermo Fisher Scientific). Library preparations were performed with the KAPA Hyper Prep Kit (KAPA Biosystems). Whole-exome capture was performed using the Target Cap® Core Exome Panel v3.0 (Boko Biotechnology Co., Ltd.) according to the manufacturer’s protocol.Captured libraries were on-bead PCR amplified with Illumina p5 (5’ AAT GAT ACG GCG ACC ACC GA 3’) and p7 primers (5’ CAA GCA GAA GAC GGC ATA CGA GAT 3’) in KAPA HiFi HotStart ReadyMix (KAPA Biosystems), followed by purification using Agencourt AMPure XP beads. Libraries were quantified by qPCR using the KAPA Library Quantification Kit (KAPA Biosystems). Library fragment size was determined by a Bioanalyzer 2100 (Agilent Technologies). WES was performed to the target-enriched library on the HiSeq4000 NGS platform (Illumina) according to the manufacturer's instructions. The average coverage depth was 601X for tumors (728X, 590X, 501X, 587X).
Variant filtering and mutation calling
Analysis of sequencing data was performed as previously described(1). The FASTQ files were quality filtered using Trimmomatic(2), removing low-quality bases (<20) or N bases. Sequenced reads were aligned to the human reference genome hg19 using Burrows-Wheeler Aligner (BWA-mem, v0.7.12) (3). PCR deduplication was performed using Picard (Broad Institute). Local assembly alignment correction around base insertions and deletions and base quality score recalibration were performed using Genome Analysis Toolkit (GATK 3.4.0) (4). The matching status of tumor and leukocyte control samples was evaluated using the VCF2LR (GeneTalk) software based on the SNP sites between samples. Cross-sample contamination was assessed using ContEst (Broad Institute). Potential DNA damage and sequencing errors were rigorously filtered using methods referenced in the literature (1). Somatic single nucleotide variants (SNVs) and insertion/deletion (indels) mutations were analyzed using Vardict (V 1.5.4) software and further filtered using the following criteria: (i) <3 supporting reads or <2% variant allele frequency (VAF); and <15 total read counts; (ii) if the population frequency is >1% in the 1000 Genomes or ExAC database; (iii) using an internally collected list of recurrent sequencing errors (≥ 3 variant reads and ≤ 20% VAF in at least 30 out of ~2000 normal samples on the same sequencing platform). Tumor mutation burden (TMB) was calculated as the number of non-synonymous mutations per million bases in the coding region. The APOBEC-TMB was calculated based on the number of APOBEC signature-related mutations summarized using the R package 'Sigminer'.
Copy number analysis 
The tumor purities of our data were first estimated using ABSOLUTE (5). Purity-adjusted data were then used to calculate gene-level copy number variations (CNVs) using FACETS (6). Only deep amplifications and deep deletions segments were considered.
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