Supplementary Methods and Materials 
RNA extraction and sequencing
[bookmark: OLE_LINK126][bookmark: OLE_LINK130][bookmark: OLE_LINK799][bookmark: OLE_LINK800][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK91][bookmark: OLE_LINK94]Total RNA from paraffin-embedded tumor tissue was isolated using RecoverAllTM Total Nucleic Acid Isolation Kit (Invitrogen, USA) according to the manufacturer’s instructions. The concentration and the quantity of RNA samples were determined using Qubit®3.0 Fluorometer (Life Technologies, USA) and NanoDrop One spectrophotometer (Thermo Fisher Scientific Inc., USA). One microgram of RNA was used for the RNA sample preparations. RNA-seq strand-specific libraries were constructed using VAHTS® Total RNA-seq (H/M/R) Library Prep Kit (Vazyme, China) according to the manufacturer’s instructions. Briefly, RNA was purified by magnetic beads after rRNA removal. Then the purified RNA was fragmented into small pieces using divalent cations for 8 min at 94°C. The cleaved RNA fragments were copied into the first strand cDNA using reverse transcriptase and random primers. Second strand cDNA synthesis was subsequently performed using DNA polymerase I and RNase H. These cDNA fragments were processed for the end repair process, addition of a single ‘A’ base, and ligation of the adapters. The products were purified and enriched by PCR to create the final cDNA library. Purified libraries were quantified and validated by Qubit® 3.0 Fluorometer and Agilent 2100 bioanalyzer to confirm the insert size and the concentration. The cluster was generated by cBot with the library diluted to 10 pM and then were sequenced on Illumina NovaSeq 6000 platform (Illumina, USA). The library construction and sequencing were performed by Sinotech Genomics Co., Ltd (Shanghai, China).
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK56][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK85][bookmark: OLE_LINK90][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK57][bookmark: OLE_LINK67][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK115][bookmark: OLE_LINK119][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125]Raw sequencing files were converted to FASTQ files using base calling analysis. FastQC (version 0.11.7) was used for quality control metrics (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/). The FASTQ files were filtered using fastp (https://github.com/OpenGene/fastp)1. Reads were mapped to the reference genome (GRCh38) using HISAT2 (Hierarchical Indexing for Spliced Alignment of Transcripts)2,3. SAM (sequencing alignment/map) files were sorted and converted to BAM (binary alignment/map) files using SAMtools4. StringTie was then used to quantify the abundance of the transcripts and genes5. TMM (trimmed mean of M values) algorithm (https://www.ncbi.nlm.nih.gov/research/cog-project/) was used for normalization. Fragments per kilobase of transcript per million mapped reads (FPKM) was applied to evaluate the expression levels of individual genes, which was calculated as follows:
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FPKM = mapped reads (millions) x exon length (Kb)





