Tables
Table 1. Baseline characteristics between colorectal Cancer patients of the National Health Insurance Research Database
	Characteristics
	  With therapy
	Without therapy
	Chi-square test
	P-value

	Total patients
	40,237
	34,805
	
	

	Area
	
	
	
	

	North
	16,450 (40.9%)
	14,712 (42.3%)
	22.99
	4.1E-5

	Middle
	9,682 (24.1%)
	8,405 (24.1%)
	
	

	South
	12,717 (31.6%)
	10,606 (30.5%)
	
	

	Eastern and islands
	1,388 (3.4%)
	1,082 (3.1%)
	
	

	Gender
	
	
	
	

	Male
	23,312 (57.9%)
	20,065 (57.6%)
	0.63
	0.43

	Female
	16,925 (42.1%)
	14,730 (42.4%)
	
	

	BMI level
	
	
	
	

	< 18.5
	2,296 (6.6%)
	2,098 (8.3%)
	
	

	18.5 ~ 24
	16,810 (48.3%)
	11,300 (44.6%)
	127.95
	1.5E-27

	24 ~ 27
	9,156 (26.3%)
	6,684 (26.4%)
	
	

	>= 27
	6,549 (18.8%)
	5,529 (20.8%)
	
	

	Stage
	
	
	
	

	0-I
	2,169 (6.1%)
	17,393 (61.5%)
	24,786.65
	0.0E+0

	II
	7,953 (22.4%)
	5,183 (18.3%)
	
	

	III
	14,972 (42.2%)
	2,661 (9.4%)
	
	

	IV
	10,392 (29.3%)
	3,054 (10.8%)
	
	

	Grade
	
	
	
	

	G1
	1,794 (4.5%)
	4,548 (13.1%)
	3,192.34
	0.0E+0

	G2
	29,124 (72.4%)
	18,907 (54.3%)
	
	

	G3-4/NA
	9,319 (23.2%)
	11,350 (32.6%)
	
	

	Medication
	
	
	
	

	Fluorouracil
	40,063 (99.6%)
	
	
	

	Leucovorin
	32,342 (80.4%)
	
	
	

	Oxaliplatin
	17,576 (43.7%)
	
	
	

	Irinotecan
	12,554 (31.2%)
	
	
	

	Bevacizumab
	9,837 (24.5%)
	
	
	

	Cetuximab
	3,227 (8.0%)
	
	
	

	Regorafenib
	648 (1.6%)
	
	
	


Among 75,024 patients in the NHIRD cohort, 40,237 (53.7%) were diagnosed with colorectal cancer (CRC). Patient characteristics, including geographic region, body mass index (BMI), and cancer stage/grade, the various drug combinations and their respective proportions are described in Supplementary Tables 1 and 2.


Table 2. Gene name of intersection genes
	GENE_SYMBOL
	GENE_NAME

	Upregulated

	  APOBEC3B
	Apolipoprotein B MRNA Editing Enzyme Catalytic Subunit 3B

	  APOBEC3H
	Apolipoprotein B MRNA Editing Enzyme Catalytic Subunit 3H

	  CCNE2
	Cyclin E2

	  COL12A1
	Collagen Type XII Alpha 1 Chain

	  E2F7
	E2F Transcription Factor 7

	  FAM111B
	FAM111 Trypsin Like Peptidase B

	  NAV3
	Neuron Navigator 3

	  TSPAN1
	Tetraspanin 1

	  SCN2A
	Sodium Voltage-Gated Channel Alpha Subunit 2

	  SLC16A6
	Solute Carrier Family 16 Member 6

	  ZBED2
	Zinc Finger BED-Type Containing 2

	Downregulated

	  AGPAT4
	1-Acylglycerol-3-Phosphate O-Acyltransferase 4

	  HERC3
	HECT And RLD Domain Containing E3 Ubiquitin Protein Ligase 3



Table 3. Prioritized 13 oncogenes targeted by APOBEC3B mutagenesis.
	Gene symbol
	Gene full name
	Functional Role

	ADGRG6 
	Adhesion G Protein-Coupled Receptor G6
	Oncogenic signaling

	AGAP2 
	ArfGAP With GTPase Domain, Ankyrin Repeat And PH Domain 2
	Cell migration/survival

	CDK4
	Cyclin Dependent Kinase 4
	Cell cycle progression

	EGFR
	Epidermal Growth Factor Receptor
	Growth factor signaling

	FGFR3
	Fibroblast Growth Factor Receptor 3
	Tyrosine kinase signaling

	LOM1
	LIM Domain Only
	Transcriptional regulation

	MAPKAPK2
	MAPK Activated Protein Kinase 2
	Stress response signaling

	MEK2
	Mitogen-Activated Protein Kinase Kinase 2
	MAPK/ERK pathway

	PIK3CA
	Phosphatidylinositol-4,5-Bisphosphate 
3-Kinase Catalytic Subunit Alpha
	PI3K/AKT survival pathway

	PLEKHS1
	Pleckstrin Homology Domain Containing S1
	Adaptive survival

	TBC1D12
	TBC1 Domain Family Member 12
	Vesicular trafficking

	USP15
	Ubiquitin Specific Peptidase 15
	Protein stabilization/NF-κB

	WDR74
	WD Repeat Domain 74
	Ribosome biogenesis




Supplementary Tables
Table 1. Primer pairs of intersection genes.
	Primer
	Sequence (5’- 3’)
	Length(mer)

	mRNA Expression of Upregulated

	SCN2A
	F: 5’- GCC GCA TCT GCT GAA TCA AG -3’
R: 5’- CCG TCA TGG GAT AGT GCT CC -3’
	20 
20  

	TSPAN1
	F: 5’- AGC AAA AGG CTC ACG ACC AA -3’
R: 5’- GCA GTA CAG ATA CAT GGA CAC AA -3’
	20
23

	CCNE2
	F: 5’- TGC TGC CTT GTG CCA TTT TAC -3’
R: 5’- TGG TGA CAA CTG TCC CCC TT -3’
	21
20

	ZBED2
	F: 5’- ACT CCA ATG CCC CAC AAC AA -3’
R: 5’- TGG CAT ACT GGT TGG GAT GG -3’
	20
20

	APOBEC3H
	F: 5’- TGG GAG CTG GTT GAC TTC A -3’
R: 5’- CGA AGA TGC CCA GGT TCA -3’
	19
18

	APOBEC3B
	F: 5’- TGT CTG AGC ACC CCA ATG TC -3’
R: 5’- GCG CCC TTC GGT AAT CTC TT -3’
	20
20

	FAM111B
	F: 5’- ACT GAC GGG CAC TTG CA -3’
R: 5’- GGA CTG GAT TTC CCC AGA AC -3’
	17
20

	E2F7
	F: 5’- TGC AGT TGA AGA TGG GGA AAA -3’
R: 5’- AGA GGC GTC GTA CCT TTG TT-3’
	21
20

	COL12A1
	F: 5’- ACA ACG GGC AAG GCT ATC C -3’
R: 5’- ACG TGC GCA AAC ATC TCA GA -3’
	19
20

	SLC16A6
	F: 5’- CGC CAC AGT CCT GAG CAA T -3’
R: 5’- TAG CCC CCC CAA CAT CAC T -3’
	19
19

	NAV3
	F: 5’- AGA GGC GTC GTA CCT TTG TT -3’
R: 5’- ACT TCT CAG CTC ACT TCC TCT -3’
	20
21

	mRNA Expression of Downregulated

	HERC3
	F: 5’- TCT TGC ATC AAG CAG GGA TGA -3’
R: 5’- GAC TGC CAC CTG CAT CTG TA -3’
	21
20

	AGPAT4
	F: 5’- CGA ACG CTT TGG GCT GTT AG -3’
R: 5’- CAC TTG CGC GAA CAG AAG AC -3’
	20
20



Table 2. Primer pairs of APOBEC3 induced 13 somatic genes.
	Primer
	Sequence (5’- 3’)
	Length(mer)

	ADGRG6
	F: 5’- TCA CAC CTT CTG AGT ACC GC-3’
R: 5’- AGT TCT GCC CAT CAG CAG TT-3’
	20
20  

	AGAP2
	F: 5’- GCC AAG CGC AAA ATG TGG AA-3’
R: 5’- ATC CCG CTC CTC AAA CTG G -3’
	20
19

	CDK4
	F: 5’- GCC CTC AAG AGT GTG AGA GT -3’
R: 5’- TGC TCA AAA GCC TCC AGT CG -3’
	20
20

	EGFR
	F: 5’- CAG CAG AGA CCC ACA CTA CC -3’
R: 5’- TGG CAT ACT GGT TGG GAT GG -3’
	20
20

	FGFR3
	F: 5’- GCC TCC TCG GAG TCC TTG -3’
R: 5’- CGA AGA CCA ACT GCT CGT G -3’
	18
19

	LMO1
	F: 5’- TGG AAA TCA AGA AAC AGA TGG A -3’
R: 5’- TGG AGA TGG GGC TCA GGT A -3’
	22
19

	MAPKAPK2
	F: 5’- GCA GAT CAA GAA GAA CGC CA -3’
R: 5’- AGT TCT CCA CCG TCC AAA CA -3’
	20
20

	MEK2
	F: 5’- CCA TCA ACC CTA CCA TCG CC -3’
R: 5’- ACC TTG GCT TTC TGG GTG AG -3’
	20
20

	PIK3CA
	F: 5’- TTT TGC TGT TCG GTG CTT GG-3’
R: 5’- CCA AAA GCA GGC CAA ACC TC -3’
	21
20

	PLEKHS1
	F: 5’- GGT CCA GAC CAG GTC TCT GGA-3’
R: 5’- CCC CAT CCT GGG TCT CTG GA -3’
	21
20

	TBC1D12
	F: 5’- TGA TCT GGC CTG TCG AGT CT -3’
R: 5’- TTC TGC ATC TGA ATG GCT GC -3’
	19
19

	USP15
	F: 5’- CTG CTC AAA ACC TCG CTC C-3’
R: 5’- CAA TGG GTC CAG GAT ACA CA -3’
	19
20

	WDR74
	F: 5’- TGG GAA ACA CTC ATG GGC AG -3’
R: 5’- TTG GGG CTC ATC CTT ATG CTC -3’
	20
21





Table 3. shRNA Sequence
	Gene
	Clone ID
	Target Seq
	Vector

	Control
	TRCN0000208001
	N/A
	pLKO.1-empty

	APOBEC3B
	TRCN0000143014
	CCAGACCTACTTGTGCTA TGA
	pLKO.1

	APOBEC3H
	TRCN0000051798
	GCCATGCAGAAATTTGCT TTA
	pLKO.1





Table 4. Distribution of therapeutic agents used in colorectal cancer patients based on data from the National Health Insurance Research Database (NHIRD)
	Fluorouracil
	Leucovorin
	Oxaliplatin
	Irinotecan
	Bevacizumab
	Cetuximab
	Regorafenib
	N (%)

	+
	+
	-
	-
	-
	-
	-
	11,071 (27.21%)

	+
	+
	+
	-
	-
	-
	-
	8,520 (21.17%)

	+
	-
	-
	-
	-
	-
	-
	6,771 (16.82%)

	+
	+
	+
	+
	+
	-
	-
	4,245 (10.55%)

	+
	+
	-
	+
	+
	-
	-
	2,948 (7.33%)

	+
	+
	+
	+
	+
	+
	-
	1,439 (3.58%)

	+
	+
	+
	+
	-
	+
	-
	873 (2.17%)

	+
	+
	+
	+
	-
	-
	-
	799 (1.99%)

	+
	+
	-
	+
	-
	-
	-
	728 (1.81%)           

	+
	-
	+
	-
	-
	-
	-
	679 (1.69%)

	+
	+
	-
	+
	-
	+
	-
	538 (1.34%)

	+
	+
	+
	+
	+
	-
	+
	429 (1.07%)

	+
	+
	+
	-
	+
	-
	-
	174 (0.43%)

	+
	+
	-
	-
	+
	-
	-
	169 (0.43%)

	+
	+
	+
	+
	+
	+
	+
	138 (0.34%)

	+
	-
	-
	+
	+
	-
	-
	91 (0.23%)

	-
	+
	-
	-
	-
	-
	-
	88 (0.22%)

	+
	-
	+
	+
	+
	-
	-
	82 (0.20%)

	+
	+
	+
	+
	-
	+
	+
	81 (0.20%)

	+
	-
	-
	-
	+
	-
	-
	60 (0.15%)

	+
	+
	-
	+
	+
	+
	-
	53 (0.13%)

	+
	-
	-
	+
	-
	-
	-
	34 (0.085%)

	+
	-
	+
	+
	+
	+
	-
	29 (0.072%)

	+
	+
	+
	-
	-
	+
	-
	27 (0.067%)

	+
	+
	-
	-
	-
	+
	-
	22 (0.054%)

	+
	-
	+
	+
	-
	-
	-
	20 (0.049%)

	+
	-
	+
	-
	+
	-
	-
	16 (0.39%)

	+
	-
	+
	+
	-
	+
	-
	14 (0.034%)

	+
	-
	-
	+
	-
	+
	-
	13 (0.032%)

	-
	-
	+
	-
	-
	-
	-
	11 (0.027%)

	GROUP A*
	
	
	
	
	
	
	75 (0.19%)

	Total 
	
	
	
	
	
	
	40,237(100%)

	
	


*Group A encompasses a heterogeneous set of therapeutic regimens characterized by diverse drug combinations and variable arrangements of agents. Given the relatively small sample size and fragmented distribution of each individual regimen, these treatments were consolidated into a single analytical category. The complete list of drug combinations included in Group A is provided in Table 4.

Table 5. Overview of Group A therapeutic combinations in colorectal cancer patients.
	GROUP A (arrange in alphabetical order)

	Fluorouracil, Cetuximab, Irinotecan, Leucovorin, Oxaliplatin, Regorafenib

	Fluorouracil, Irinotecan, Oxaliplatin

	Fluorouracil, Cetuximab, Leucovorin

	Fluorouracil, Cetuximab, Irinotecan

	Fluorouracil, Cetuximab, Irinotecan, Oxaliplatin

	Oxaliplatin

	Bevacizumab

	Fluorouracil, Leucovorin, Oxaliplatin, Panitumumab

	Fluorouracil, Cetuximab

	Fluorouracil, Bevacizumab, Oxaliplatin

	Fluorouracil, Bevacizumab, Leucovorin, Oxaliplatin, Regorafenib

	Fluorouracil, Bevacizumab, Irinotecan, Oxaliplatin, Regorafenib

	Fluorouracil, Bevacizumab, Irinotecan, Leucovorin, Regorafenib

	Cetuximab

	Fluorouracil, Cetuximab, Irinotecan, Oxaliplatin, Regorafenib

	Fluorouracil, Cetuximab, Irinotecan, Leucovorin, Regorafenib

	Fluorouracil, Cetuximab, Irinotecan, Leucovorin, Oxaliplatin, Panitumumab

	Fluorouracil, Bevacizumab, Oxaliplatin, Regorafenib

	Fluorouracil, Bevacizumab, Irinotecan, Leucovorin, Oxaliplatin, Panitumumab

	Fluorouracil, Bevacizumab, Cetuximab, Leucovorin, Oxaliplatin

	Fluorouracil, Bevacizumab, Cetuximab, Irinotecan, Oxaliplatin, Regorafenib

	Fluorouracil, Bevacizumab, Cetuximab, Irinotecan, Leucovorin, Regorafenib

	Irinotecan

	Irinotecan, Oxaliplatin

	Bevacizumab, Oxaliplatin

	Bevacizumab, Irinotecan

	Fluorouracil, Irinotecan, Leucovorin, Oxaliplatin, Regorafenib

	Fluorouracil, Irinotecan, Leucovorin, Oxaliplatin, Panitumumab

	Fluorouracil, Cetuximab, Oxaliplatin

	Fluorouracil, Bevacizumab, Cetuximab, Leucovorin




