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[bookmark: _Hlk211504984]Supplementary Table 1. Definition of baseline comorbidities
	Comorbidities
	ICD-10 codes
	Number of diagnoses

	Hypertension
	I10-I13, I15
	Admission or outpatient clinic ≥ 1

	Diabetes mellitus
	E10-E14 
	Admission or outpatient clinic ≥ 1

	Dyslipidemia 
	E78
	Admission or outpatient clinic ≥ 1

	Crohn’s disease
	K50
	Admission or outpatient clinic ≥ 1

	Ulcerative colitis
	K51
	Admission or outpatient clinic ≥ 1

	Previous cancer
	C00-C97
	Admission or outpatient clinic ≥ 1




Supplementary Table 2. Correspondence between SEER Summary Stage 2000 and AJCC 8th edition TNM stage groupings for colorectal cancer
	SEER Summary Stage
	AJCC 8th edition TNM stage grouping
	Definition

	Localized
	Stage I–II
(T1–4, N0, M0)
	Disease without regional lymph node involvement or distant metastasis

	Regional
	Stage III
(any T, N1–2, M0)
	Regional lymph node involvement without distant metastasis

	Distant
	Stage IV
(any T, any N, M1)
	Distant organ or non-regional lymph node metastasis


AJCC 8th edition TNM stage groupings are shown for clinical interpretability and were not used to restage individual patients.
Abbreviations: AJCC, American Joint Committee on Cancer; SEER, Surveillance, Epidemiology, and End Results; TNM, Tumor-Node-Metastasis.



Supplementary Table 3. Definition of surgical procedures based on NHIS claim codes
	Surgery
	NHIS claim code

	Colectomy
	

	Right or Left Hemicolectomy
	QA671, Q2671

	Subtotal Colectomy
	Q1261, Q1262

	Total Colectomy
	QA672, Q2672

	Segmental Resection
	QA673, Q2673

	Colectomy with Proximal Colostomy and Distal Stump
	QA679, Q2679

	Total Coloprotectomy
	

	Total Coloprotectomy with ileostomy
	QA925, Q2925

	Total Coloprotectomy with Ileal Pouch-Anal Anastomosis
	QA926, Q2926

	Resection of Rectal Tumor
	

	Transsacral or Parasacral
	Q2890

	Transanal
	Q2891

	Abdominal Approach
	Q2892

	Transanal Endoscopic Microsurgery
	Q2893

	Rectal and Sigmoid Resection
	Q2927

	Anterior Resection
	QA921, Q2921

	Low Anterior Resection
	QA922, Q2922

	Ultra-Low Anterior Resection
	Q0292, QA928, Q2928

	A-P Resection(Mile's Operation) or A-S Resection
	QA923, Q2923

	Abdominal Pull Through Operation
	QA924, Q2924





Supplementary Table 4. Systemic therapies and corresponding NHIS claim codes
	Generic name
	Dosage
	NHIS claim code

	5-Fluorouracil
	0.25g(50mg/mL)
	161430BIJ

	
	0.5g(50mg/mL)
	161431BIJ

	
	1g(50mg/mL)
	161432BIJ

	Capecitabine
	0.15g
	122701ATB

	
	0.5g
	122702ATB

	Oxaliplatin
	50mg(5mg/mL)
	205830BIJ

	
	0.1g(5mg/mL)
	205834BIJ

	
	0.15g
	205803BIJ

	Irinotecan 
	40mg(20mg/mL)
	177430BIJ

	
	0.1g(20mg/mL)
	177431BIJ

	
	0.2g(20mg/mL)
	177433BIJ

	
	0.3g(20mg/mL)
	177435BIJ

	Cetuximab 
	0.1g(5mg/mL)
	556430BIJ

	Bevacizumab 
	0.1g(25mg/mL)
	554330BIJ

	
	0.4g(25mg/mL)
	554331BIJ

	Pembrolizumab 
	0.1g(25mg/mL)
	639001BIJ

	Nivolumab
	0.1g(10mg/mL)
	638401BIJ

	
	20mg(10mg/mL)
	638402BIJ

	
	0.24g(10mg/mL)
	638403BIJ






Supplementary Table 5. Baseline characteristics of patients with colorectal cancer after propensity score matching
	Variable
	Total
	Colon cancer (C18–19)
	Rectal cancer (C20)

	
	EOCRC
(n = 2,039)
	LOCRC
(n = 7,577)
	SMD
	EOCRC
(n = 1,344)
	LOCRC
(n = 5,151)
	SMD
	EOCRC
(n = 695)
	LOCRC
(n = 2,426)
	SMD

	Age, years
	
	
	
	
	
	
	
	
	

	<30
	47 (2.3)
	–
	–
	31 (2.3)
	–
	–
	16 (2.3)
	–
	–

	30–39
	417 (20.5)
	–
	
	294 (21.9)
	–
	
	123 (17.7)
	–
	

	40–49
	1,575 (77.2)
	–
	
	1,019 (75.8)
	–
	
	556 (80.0)
	–
	

	50–59
	–
	2,449 (32.3)
	
	–
	1,583 (30.7)
	
	–
	866 (35.7)
	

	60–69
	–
	2,444 (32.3)
	
	–
	1,696 (32.9)
	
	–
	748 (30.8)
	

	70–79
	–
	2,033 (26.8)
	
	–
	1,404 (27.3)
	
	–
	629 (25.9)
	

	≥80
	–
	651 (8.6)
	
	–
	468 (9.1)
	
	–
	183 (7.5)
	

	Sex
	
	
	
	
	
	
	
	
	

	Male
	1,145 (56.2)
	4,455 (58.8)
	0.053
	716 (53.3)
	2,869 (55.7)
	0.049
	429 (61.7)
	1,586 (65.4)
	0.076

	Female
	894 (43.8)
	3,122 (41.2)
	
	628 (46.7)
	2,282 (44.3)
	
	266 (38.3)
	840 (34.6)
	

	Baseline comorbidities
	
	
	
	
	
	
	
	
	

	Hypertension
	236 (11.6)
	3,081 (40.7)
	0.702
	149 (11.1)
	2,168 (42.1)
	0.749
	87 (12.5)
	913 (37.6)
	0.605

	Diabetes
	172 (8.4)
	1,185 (15.6)
	0.223
	119 (8.9)
	843 (16.4)
	0.228
	53 (7.6)
	342 (14.1)
	0.209

	Dyslipidemia
	378 (18.5)
	2,148 (28.3)
	0.233
	269 (20.0)
	1,539 (29.9)
	0.229
	109 (15.7)
	609 (25.1)
	0.235

	Crohn’s disease
	4 (0.2)
	4 (0.1)
	0.041
	2 (0.1)
	4 (0.1)
	0.021
	2 (0.3)
	0 (0.0)
	0.076

	  Ulcerative colitis
	9 (0.4)
	18 (0.2)
	0.035
	6 (0.4)
	6 (0.1)
	0.062
	3 (0.4)
	12 (0.5)
	0.009

	  Previous cancer
	163 (8.0)
	362 (4.8)
	0.132
	112 (8.3)
	248 (4.8)
	0.142
	51 (7.3)
	114 (4.7)
	0.111

	CCI
	
	
	
	
	
	
	
	
	

	0
	1,125 (55.2)
	3,938 (52.0)
	0.066
	710 (52.8)
	2,641 (51.3)
	0.033
	415 (59.7)
	1,297 (53.5)
	0.128

	1
	464 (22.8)
	1,879 (24.8)
	
	315 (23.4)
	1,261 (24.5)
	
	149 (21.4)
	618 (25.5)
	

	2
	231 (11.3)
	919 (12.1)
	
	160 (11.9)
	638 (12.4)
	
	71 (10.2)
	281 (11.6)
	

	≥3
	219 (10.7)
	841 (11.1)
	
	159 (11.8)
	611 (11.9)
	
	60 (8.6)
	230 (9.5)
	

	Stage
	
	
	
	
	
	
	
	
	

	Localized
	502 (24.6)
	1,909 (25.2)
	0.022
	317 (23.6)
	1,286 (25.0)
	0.034
	185 (26.6)
	623 (25.7)
	0.044

	Regional
	1,077 (52.8)
	4,025 (53.1)
	
	702 (52.2)
	2,664 (51.7)
	
	375 (54.0)
	1,361 (56.1)
	

	Distant
	460 (22.6)
	1,643 (21.7)
	
	325 (24.2)
	1,201 (23.3)
	
	135 (19.4)
	442 (18.2)
	

	Differentiation
	
	
	
	
	
	
	
	
	

	Well
	331 (16.2)
	1,121 (14.8)
	0.109
	215 (16.0)
	768 (14.9)
	0.141
	116 (16.7)
	353 (14.6)
	0.064

	Moderately
	1,429 (70.1)
	5,646 (74.5)
	
	917 (68.2)
	3,796 (73.7)
	
	512 (73.7)
	1,850 (76.3)
	

	Poorly
	145 (7.1)
	396 (5.2)
	
	115 (8.6)
	295 (5.7)
	
	30 (4.3)
	101 (4.2)
	

	Not available
	134 (6.6)
	414 (5.5)
	
	97 (7.2)
	292 (5.7)
	
	37 (5.3)
	122 (5.0)
	

	CEA level, ng/mL
	
	
	
	
	
	
	
	
	

	Mean (SD)
	14.29 (26.85)
	14.94 (26.66)
	0.024
	14.88 (27.61)
	15.45 (27.53)
	0.021
	13.16 (25.31)
	13.90 (24.73)
	0.030

	<5
	1,134 (55.6)
	3,993 (52.7)
	
	747 (55.6)
	2,707 (52.6)
	
	387 (55.7)
	1,286 (53.0)
	

	≥5
	636 (31.2)
	2,706 (35.7)
	0.099
	418 (31.1)
	1,811 (35.2)
	0.087
	218 (31.4)
	895 (36.9)
	0.132

	Not available
	269 (13.2)
	878 (11.6)
	
	179 (13.3)
	633 (12.3)
	
	90 (12.9)
	245 (10.1)
	

	MSI
	
	
	
	
	
	
	
	
	

	MSS
	745 (36.5)
	2,768 (36.5)
	0.167
	476 (35.4)
	1,901 (36.9)
	0.171
	269 (38.7)
	867 (35.7)
	0.202

	MSI-low
	49 (2.4)
	197 (2.6)
	
	35 (2.6)
	153 (3.0)
	
	14 (2.0)
	44 (1.8)
	

	MSI-high
	108 (5.3)
	165 (2.2)
	
	89 (6.6)
	154 (3.0)
	
	19 (2.7)
	11 (0.5)
	

	MSI-NOS
	8 (0.4)
	29 (0.4)
	
	6 (0.4)
	23 (0.4)
	
	2 (0.3)
	6 (0.2)
	

	Not available
	1,129 (55.4)
	4,418 (58.3)
	
	738 (54.9)
	2,920 (56.7)
	
	391 (56.3)
	1,498 (61.7)
	

	KRAS
	
	
	
	
	
	
	
	
	

	Mutated type
	341 (16.7)
	1,428 (18.8)
	0.099
	231 (17.2)
	1,019 (19.8)
	0.117
	110 (15.8)
	409 (16.9)
	0.067

	Wild type
	649 (31.8)
	2,082 (27.5)
	
	452 (33.6)
	1,466 (28.5)
	
	197 (28.3)
	616 (25.4)
	

	Not available
	1,049 (51.4)
	4,067 (53.7)
	
	661 (49.2)
	2,666 (51.8)
	
	388 (55.8)
	1,401 (57.7)
	

	Year of diagnosis
	
	
	
	
	
	
	
	
	

	2012–2013
	554 (27.2)
	2,095 (27.6)
	0.012
	365 (27.2)
	1,424 (27.6)
	0.021
	189 (27.2)
	671 (27.7)
	0.030

	2014–2015
	519 (25.5)
	1,903 (25.1)
	
	328 (24.4)
	1,256 (24.4)
	
	191 (27.5)
	647 (26.7)
	

	2016–2017
	513 (25.2)
	1,911 (25.2)
	
	337 (25.1)
	1,311 (25.5)
	
	176 (25.3)
	600 (24.7)
	

	2018–2019
	453 (22.2)
	1,668 (22.0)
	
	314 (23.4)
	1,160 (22.5)
	
	139 (20.0)
	508 (20.9)
	

	BMI, kg/m2
	
	
	
	
	
	
	
	
	

	  Mean (SD)
	24.04 (3.14)
	24.10 (2.88)
	0.019
	24.16 (3.19)
	24.18 (2.90)
	0.007
	23.84 (3.03)
	23.93 (2.84)
	0.031

	  <18.5
	0 (0.0)
	0 (0.0)
	
	0 (0.0)
	0 (0.0)
	
	0 (0.0)
	0 (0.0)
	

	  ≥18.5 to <23
	383 (18.8)
	1,458 (19.2)
	0.139
	237 (17.6)
	977 (19.0)
	0.164
	146 (21.0)
	481 (19.8)
	0.106

	≥23 to <25
	250 (12.3)
	1,043 (13.8)
	
	161 (12.0)
	717 (13.9)
	
	89 (12.8)
	326 (13.4)
	

	≥25 to <30
	300 (14.7)
	1,398 (18.5)
	
	200 (14.9)
	982 (19.1)
	
	100 (14.4)
	416 (17.1)
	

	≥30
	63 (3.1)
	153 (2.0)
	
	45 (3.3)
	115 (2.2)
	
	18 (2.6)
	38 (1.6)
	

	  Not available
	1,043 (51.2)
	3,525 (46.5)
	
	701 (52.2)
	2,360 (45.8)
	
	342 (49.2)
	1,165 (48.0)
	

	Smoking
	
	
	
	
	
	
	
	
	

	  Never smoker
	389 (19.1)
	1,845 (24.4)
	0.169
	265 (19.7)
	1,322 (25.7)
	0.187
	124 (17.8)
	523 (21.6)
	0.139

	  Previous smoker
	134 (6.6)
	665 (8.8)
	
	81 (6.0)
	441 (8.6)
	
	53 (7.6)
	224 (9.2)
	

	  Current smoker
	227 (11.1)
	685 (9.0)
	
	132 (9.8)
	430 (8.3)
	
	95 (13.7)
	255 (10.5)
	

	Not available
	1,289 (63.2)
	4,382 (57.8)
	
	866 (64.4)
	2,958 (57.4)
	
	423 (60.9)
	1,424 (58.7)
	

	Alcohol use
	
	
	
	
	
	
	
	
	

	  None
	308 (15.1)
	1,762 (23.3)
	0.210
	221 (16.4)
	1,239 (24.1)
	0.194
	87 (12.5)
	523 (21.6)
	0.276

	  Mild to moderate
	326 (16.0)
	1,034 (13.6)
	
	191 (14.2)
	695 (13.5)
	
	135 (19.4)
	339 (14.0)
	

	  Heavy
	160 (7.8)
	528 (7.0)
	
	88 (6.5)
	346 (6.7)
	
	72 (10.4)
	182 (7.5)
	

	 Not available
	1,245 (61.1)
	4,253 (56.1)
	
	844 (62.8)
	2,871 (55.7)
	
	401 (57.7)
	1,382 (57.0)
	

	Physical activity
	
	
	
	
	
	
	
	
	

	  No
	660 (32.4)
	2,705 (35.7)
	0.119
	421 (31.3)
	1,856 (36.0)
	0.163
	239 (34.4)
	849 (35.0)
	0.036

	  Yes
	152 (7.5)
	730 (9.6)
	
	92 (6.8)
	500 (9.7)
	
	60 (8.6)
	230 (9.5)
	

	Not available
	1,227 (60.2)
	4,142 (54.7)
	 
	831 (61.8)
	2,795 (54.3)
	
	396 (57.0)
	1,347 (55.5)
	 


Values are presented as n (%) unless otherwise indicated.
Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CEA, carcinoembryonic antigen; CRC, colorectal cancer; EOCRC, early-onset colorectal cancer; ICD-10, International Classification of Diseases, 10th Revision; KRAS, Kirsten rat sarcoma viral oncogene homolog; LOCRC, late-onset colorectal cancer; MSI, microsatellite instability; MSS, microsatellite stable; NOS, not otherwise specified; SD, standard deviation; SEER, Surveillance, Epidemiology, and End Results; SMD, standardized mean difference.
*Cancer site was classified as C18–19 (colon cancer) and C20 (rectal cancer) according to ICD-10.
*Stage was categorized using the SEER Summary Stage 2000: localized, regional, and distant disease.
*Alcohol use was categorized by drinking frequency as none, mild to moderate, and heavy.
*Physical activity was categorized as no regular physical activity versus any reported physical activity.

Supplementary Table 6. Stage-specific hazard ratios for overall and cancer-specific mortality according to EOCRC and LOCRC by primary tumor site
	Stage
	Model
	HR (95% CI)
	p value
	HR (95% CI)
	p value

	
	
	Overall mortality
	
	Cancer-specific mortality
	

	Colon cancer
	
	
	
	
	

	Localized
	Unadjusted
	0.14 (0.07–0.26)
	<0.001
	0.27 (0.12–0.60)
	<0.001

	Localized
	PSM-adjusted
	0.20 (0.10-0.40)
	<0.001
	0.38 (0.16–0.90)
	0.002

	Regional
	Unadjusted
	0.38 (0.31–0.47)
	<0.001
	0.53 (0.42–0.65)
	<0.001

	Regional
	PSM-adjusted
	0.48 (0.38–0.60)
	<0.001
	0.59 (0.47–0.75)
	<0.001

	Distant
	Unadjusted
	0.64 (0.56–0.73)
	<0.001
	0.67 (0.59–0.77)
	<0.001

	Distant
	PSM-adjusted
	0.77 (0.65–0.91)
	0.001
	0.79 (0.67–0.93)
	0.005

	Rectal cancer
	
	
	
	
	

	Localized
	Unadjusted
	0.11 (0.05–0.27)
	<0.001
	0.11 (0.03–0.45)
	0.002

	Localized
	PSM-adjusted
	0.12 (0.04–0.32)
	<0.001
	0.12 (0.03–0.50)
	0.003

	Regional
	Unadjusted
	0.54 (0.43–0.67)
	<0.001
	0.68 (0.54–0.86)
	<0.001

	Regional
	PSM-adjusted
	0.61 (0.48–0.77)
	<0.001
	0.70 (0.54–0.90)
	0.020

	Distant
	Unadjusted
	0.64 (0.52-0.79)
	<0.001
	0.69 (0.56-0.84)
	<0.001

	Distant
	PSM-adjusted
	0.66 (0.50–0.86)
	<0.001
	0.69 (0.53–0.91)
	0.002


Hazard ratios were estimated using Cox proportional hazards models comparing EOCRC with LOCRC, with LOCRC as the reference group. An HR <1 indicates lower mortality among patients with EOCRC. PSM-adjusted models were estimated in the propensity score–matched cohort.
Abbreviations: CI, confidence interval; EOCRC, early-onset colorectal cancer; HR, hazard ratio; LOCRC, late-onset colorectal cancer; PSM, propensity score matching.



Supplementary Table 7. Association between EOCRC and mortality stratified by MSI and KRAS status
	Subgroup
	Hazard ratio (95% Confidence interval)

	
	Unadjusted
	PSM
	Multivariable-adjusted

	MSI status
	
	
	

	MSS
	0.77 (0.67–0.90)
	0.85 (0.72–0.99)
	0.72 (0.62–0.84)

	MSI
	0.44 (0.29–0.67)
	0.42 (0.26–0.67)
	0.45 (0.30–0.69)

	P for interaction
	0.013
	0.003
	0.039

	KRAS status
	
	
	

	Wild type
	0.82 (0.71–0.98)
	0.77 (0.65–0.90)
	0.74 (0.64–0.86)

	Mutated
	0.77 (0.63–0.93)
	0.75 (0.61–0.91)
	0.63 (0.52–0.77)

	P for interaction
	0.594
	0.824
	0.183


Abbreviations: PSM, propensity score matching; MSI, microsatellite instability; MSS, microsatellite stable; KRAS, Kirsten rat sarcoma viral oncogene homolog.

Hazard ratios represent the association between EOCRC and mortality compared with LOCRC. Multivariable-adjusted models included sex, year of diagnosis, Charlson Comorbidity Index, cancer site, summary stage, treatment modality, and tumor differentiation. P for interaction was calculated to assess effect modification between EOCRC status and molecular subgroups.


Supplementary Table 8. Characteristics of the overall cohort and analytic subsets according to MSI and KRAS data availability
	Variable
	MSI available
n = 8,390
	KRAS available
n = 9,461
	Both MSI and KRAS available
n = 6,242
	Neither available
n = 9,332

	Age-of-onset group
	
	
	
	

	EOCRC, <50 years
	913 (10.9)
	992 (10.5)
	662 (10.6)
	801 (8.6)

	LOCRC, ≥50 years
	7,477 (89.1)
	8,469 (89.5)
	5,580 (89.4)
	8,531 (91.4)

	Sex
	
	
	
	

	Male
	5,022 (59.9)
	5,728 (60.5)
	3,743 (60.0)
	5,601 (60.0)

	Female
	3,368 (40.1)
	3,733 (39.5)
	2,499 (40.0)
	3,731 (40.0)

	Cancer site
	
	
	
	

	Colon cancer
	5,989 (71.4)
	6,847 (72.4)
	4,516 (72.3)
	6,193 (66.4)

	Rectal cancer
	2,401 (28.6)
	2,614 (27.6)
	1,726 (27.7)
	3,139 (33.6)

	Year of diagnosis
	
	
	
	

	2012–2013
	1,620 (19.3)
	1,063 (11.2)
	645 (10.3)
	3,252 (34.8)

	2014–2015
	1,890 (22.5)
	2,281 (24.1)
	1,386 (22.2)
	2,400 (25.7)

	2016–2017
	2,159 (25.7)
	2,930 (31.0)
	1,836 (29.4)
	1,913 (20.5)

	2018–2019
	2,721 (32.4)
	3,187 (33.7)
	2,375 (38.0)
	1,767 (18.9)

	CCI
	
	
	
	

	0
	2,706 (32.3)
	3,029 (32.0)
	2,013 (32.2)
	2,740 (29.4)

	1
	1,868 (22.3)
	2,049 (21.7)
	1,366 (21.9)
	2,032 (21.8)

	2
	1,326 (15.8)
	1,511 (16.0)
	965 (15.5)
	1,594 (17.1)

	≥3
	2,490 (29.7)
	2,872 (30.4)
	1,898 (30.4)
	2,966 (31.8)

	Stage
	
	
	
	

	Localized
	2,046 (24.4)
	2,088 (22.1)
	1,509 (24.2)
	3,657 (39.2)

	Regional
	5,048 (60.2)
	5,294 (56.0)
	3,649 (58.5)
	3,912 (41.9)

	Distant
	1,296 (15.4)
	2,079 (22.0)
	1,084 (17.4)
	1,763 (18.9)

	Differentiation
	
	
	
	

	Well differentiated
	969 (11.5)
	1,068 (11.3)
	648 (10.4)
	1,989 (21.3)

	Moderately differentiated
	6,652 (79.3)
	7,441 (78.6)
	5,004 (80.2)
	6,039 (64.7)

	Poorly differentiated
	492 (5.9)
	583 (6.2)
	382 (6.1)
	442 (4.7)

	Not available
	277 (3.3)
	369 (3.9)
	208 (3.3)
	862 (9.2)

	CEA level
	
	
	
	

	<5 ng/mL
	5,050 (60.2)
	5,228 (55.3)
	3,666 (58.7)
	4,548 (48.7)

	≥5 ng/mL
	2,881 (34.3)
	3,640 (38.5)
	2,256 (36.1)
	2,811 (30.1)

	Not available
	459 (5.5)
	593 (6.3)
	320 (5.1)
	1,973 (21.1)

	Treatment modality
	
	
	
	

	Surgery alone
	3,087 (36.8)
	3,364 (35.6)
	2,244 (36.0)
	2,924 (31.3)

	Surgery followed by systemic therapy
	3,866 (46.1)
	3,981 (42.1)
	2,856 (45.8)
	1,976 (21.2)

	Systemic therapy alone
	533 (6.4)
	1,048 (11.1)
	446 (7.1)
	1,076 (11.5)

	CCRT or RT followed by surgery
	538 (6.4)
	586 (6.2)
	414 (6.6)
	568 (6.1)

	CCRT or RT alone
	5 (0.1)
	5 (0.1)
	3 (0.0)
	6 (0.1)

	Other treatment patterns
	361 (4.3)
	477 (5.0)
	279 (4.5)
	2,782 (29.8)

	Follow-up duration, median years (IQR)
	5.08 (3.42–7.50)
	4.58 (3.03–6.67)
	4.67 (3.25–6.70)
	5.16 (1.91–8.34)


Data are presented as n (%) unless otherwise indicated. Percentages were calculated using the number of patients in each analytic subset as the denominator. The analytic subsets were not mutually exclusive; patients with both MSI and KRAS data were included in the MSI-available cohort, the KRAS-available cohort, and the cohort with both MSI and KRAS data.
Abbreviations: CEA, carcinoembryonic antigen; CCRT, concurrent chemoradiotherapy; EOCRC, early-onset colorectal cancer; IQR, interquartile range; KRAS, Kirsten rat sarcoma viral oncogene homolog; LOCRC, late-onset colorectal cancer; MSI, microsatellite instability; RT, radiotherapy; SMD, standardized mean difference.
Abbreviations: CCI, Charlson Comorbidity Index; CCRT, concurrent chemoradiotherapy; CEA, carcinoembryonic antigen; EOCRC, early-onset colorectal cancer; IQR, interquartile range; KRAS, Kirsten rat sarcoma viral oncogene homolog; LOCRC, late-onset colorectal cancer; MSI, microsatellite instability; RT, radiotherapy.

Supplementary Table 9. Sensitivity analyses of mortality outcomes by MSI and KRAS data availability
	Analysis population
	Model
	n
	Events
	HR (95% CI)
	p value

	Overall mortality
	
	
	
	
	

	Overall cohort
	Crude
	20,941
	8,031
	0.61 (0.56–0.66)
	<0.001

	
	Multivariable-adjusted
	20,941
	8,031
	0.60 (0.54–0.66)
	<0.001

	
	PSM
	9,616
	3,312
	0.60 (0.54–0.66)
	<0.001

	MSI data available
	Crude
	8,390
	2,544
	0.71 (0.62–0.81)
	<0.001

	
	Multivariable-adjusted
	8,390
	2,544
	0.66 (0.58–0.77)
	<0.001

	
	PSM
	4,026
	1,138
	0.74 (0.64–0.86)
	<0.001

	KRAS data available
	Crude
	9,461
	3,458
	0.79 (0.70–0.89)
	<0.001

	
	Multivariable-adjusted
	9,461
	3,458
	0.69 (0.61–0.78)
	<0.001

	
	PSM
	4,405
	1,603
	0.76 (0.67–0.86)
	<0.001

	Both MSI and KRAS data available
	Crude
	6,242
	1,957
	0.72 (0.62–0.85)
	<0.001

	
	Multivariable-adjusted
	6,242
	1,957
	0.66 (0.56–0.77)
	<0.001

	
	PSM
	2,830
	841
	0.75 (0.64–0.90)
	<0.001

	Neither MSI nor KRAS data available
	Crude
	9,332
	3,986
	0.45 (0.39-0.52)
	<0.001

	
	Multivariable-adjusted
	9,332
	3,986
	0.51 (0.44-0.59)
	<0.001

	
	PSM
	3,751
	1,276
	0.58 (0.49–0.67)
	<0.001

	Cancer-specific mortality
	
	
	
	
	

	Overall cohort
	Crude
	20,941
	6,059
	0.79 (0.72–0.86)
	<0.001

	
	Multivariable-adjusted
	20,941
	6,059
	0.71 (0.64–0.78)
	<0.001

	
	PSM
	9,616
	2,760
	0.71 (0.64–0.78)
	<0.001

	MSI-available subset
	Crude
	8,390
	1,853
	0.95 (0.82–1.10)
	0.523

	
	Multivariable-adjusted
	8,390
	1,853
	0.76 (0.66–0.89)
	<0.001

	
	PSM
	4,026
	959
	0.85 (0.73–1.00)
	0.044

	KRAS-available subset
	Crude
	9,461
	2,737
	1.00 (0.89–1.13)
	0.977

	
	Multivariable-adjusted
	9,461
	2,737
	0.77 (0.68–0.87)
	<0.001

	
	PSM
	4,405
	1,415
	0.86 (0.76–0.98)
	0.024

	Both MSI and KRAS available subset
	Crude
	6,242
	1,483
	0.95 (0.81–1.12)
	0.541

	
	Multivariable-adjusted
	6,242
	1,483
	0.74 (0.63–0.88)
	<0.001

	
	PSM
	2,830
	729
	0.87 (0.73–1.03)
	0.112

	Neither MSI nor KRAS data available
	Crude
	9,332
	3,986
	0.58 (0.49-0.67)
	<0.001

	
	Multivariable-adjusted
	9,332
	3,986
	0.62 (0.53-0.73)
	<0.001

	
	PSM
	3,751
	1,012
	0.69 (0.58-0.81)
	<0.001


Hazard ratios represent the association between EOCRC and mortality compared with LOCRC. The MSI-available subset includes all patients with available MSI status regardless of KRAS availability. The KRAS-available subset includes all patients with available KRAS status regardless of MSI availability. The both-available subset includes patients with both MSI and KRAS status available, whereas the neither-available subset includes patients with neither MSI nor KRAS status available. Cox proportional hazards models included same ajustment set as the main multivariable model, such as sex, year of diagnosis, Charlson Comorbidity Index, cancer site (colon vs. rectal cancer), summary stage, treatment modality, and tumor differentiation.
Abbreviations: CI, confidence interval; EOCRC, early-onset colorectal cancer; HR, hazard ratio; KRAS, Kirsten rat sarcoma viral oncogene homolog; LOCRC, late-onset colorectal cancer; MSI, microsatellite instability; PSM, propensity score matching.





Supplementary Table 10. Clinical characteristics and mortality outcomes among patients with EOCRC aged <40 years and 40–49 years
	Variable
	<40 years
(n = 465)
	40–49 years
(n = 1,579)
	SMD

	Sex
	
	
	

	Male
	254 (54.6)
	891 (56.4)
	0.036

	Female
	211 (45.4)
	688 (43.6)
	

	Primary tumor site
	
	
	

	Colon cancer
	325 (69.9)
	1,019 (64.5)
	0.114

	Rectal cancer
	140 (30.1)
	560 (35.5)
	

	Year of diagnosis
	
	
	

	2012–2013
	147 (31.6)
	408 (25.8)
	0.131

	2014–2015
	115 (24.7)
	407 (25.8)
	

	2016–2017
	106 (22.8)
	408 (25.8)
	

	2018–2019
	97 (20.9)
	356 (22.5)
	

	Charlson Comorbidity Index
	
	
	

	0
	266 (57.2)
	864 (54.7)
	0.069

	1
	106 (22.8)
	358 (22.7)
	

	2
	46 (9.9)
	185 (11.7)
	

	≥3
	47 (10.1)
	172 (10.9)
	

	Stage
	
	
	

	Localized
	102 (21.9)
	363 (23.0)
	0.063

	Regional
	107 (23.0)
	395 (25.0)
	

	Distant
	256 (55.1)
	821 (52.0)
	

	Differentiation
	
	
	

	Well differentiated
	72 (15.5)
	260 (16.5)
	0.048

	Moderately differentiated
	324 (69.7)
	1,109 (70.2)
	

	Poorly differentiated
	36 (7.7)
	109 (6.9)
	

	Not available
	33 (7.1)
	101 (6.4)
	

	CEA level
	
	
	

	<5 ng/mL
	270 (58.1)
	865 (54.8)
	0.067

	≥5 ng/mL
	136 (29.2)
	504 (31.9)
	

	Not available
	59 (12.7)
	210 (13.3)
	

	Treatment modality
	
	
	

	Surgery alone
	99 (21.3)
	325 (20.6)
	0.152

	Surgery followed by systemic therapy
	226 (48.6)
	690 (43.7)
	

	Systemic therapy alone
	64 (13.8)
	242 (15.3)
	

	CCRT or RT followed by surgery
	39 (8.4)
	141 (8.9)
	

	CCRT or RT alone
	1 (0.2)
	1 (0.1)
	

	Other treatment patterns
	36 (7.7)
	180 (11.4)
	


Abbreviations: CEA, carcinoembryonic antigen; CCRT, concurrent chemoradiotherapy; CI, confidence interval; EOCRC, early-onset colorectal cancer; HR, hazard ratio; RT, radiotherapy; SMD, standardized mean difference.
Values are presented as n (%) unless otherwise indicated. Hazard ratios were estimated using Cox proportional hazards models among patients with EOCRC, with patients aged 40–49 years as the reference group.


Supplementary Table 11. Mortality outcomes among patients with EOCRC aged <40 years and 40–49 years
	Mortality outcome
	N
	Events
	HR (95% CI)
	p value

	Overall mortality
	2,044
	550
	1.03 (0.84–1.25)
	0.81

	Cancer-specific mortality
	2,044
	519
	1.09 (0.89–1.33)
	0.43

	Non-cancer mortality
	2,044
	31
	0.23 (0.05–0.96)
	0.04


Abbreviations: CI, confidence interval; EOCRC, early-onset colorectal cancer; HR, hazard ratio.
Hazard ratios were estimated using Cox proportional hazards models among patients with EOCRC, with patients aged 40–49 years as the reference group. Models were adjusted for sex, primary tumor site, year of diagnosis, Charlson Comorbidity Index, stage, tumor differentiation, CEA level, and treatment modality.
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Supplementary Figure 1. Love plot depicting covariate balance before (unadjusted, hollow circles) and after adjustment (adjusted, solid circles) in patients with colon (A–C) and rectal cancer (D–F), stratified by disease stage.
A: colon, localized disease; B: colon, regional disease; C: colon, distant disease; D: rectal, localized disease; E: rectal, regional disease; F: rectal, distant disease. Hollow circles represent unadjusted values, and solid circles represent adjusted values.
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