Stage-Specific Comparative Effectiveness of Diverting Stoma as a Bridge to Surgery Versus Emergency Resection for Obstructive Colorectal Cancer: A Nationwide Target Trial Emulation
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Table S1. Details of the target trial emulation. 
	Study settings of the hypothetical trial

	 Inclusion criteria for the study populations were patients aged ≥ 20 years with obstructive colorectal cancer undergoing primary tumor resection. Patients were excluded if they were younger than 20 years; had bowel perforation or peritonitis within 3 months before the index date; had prior stoma creation or colonic stent placement within 12 months before colorectal cancer diagnosis.
 Eligible participants were classified into the DS-BTS group, ER group, or Both group according to surgical treatment strategy.
 The primary outcome was 90-day all-cause mortality. Secondary outcomes included 3-year all-cause mortality, overall all-cause mortality, length of hospital stay, and 30-day and 90-day postoperative complications after discharge.
 For each eligible participant, follow-up started on the index date (date of primary tumor resection) and ended at the occurrence of the outcome of interest, death, loss to follow-up, or December 31, 2023, whichever came first.

	Specification and emulation of the target trial using real-world data

	Component
	Target trial
	Emulated trial using real-world data

	Aim
	To estimate the relative effects of different surgical treatment strategies for obstructive colorectal cancer on mortality and postoperative outcomes.
	Same as for the target trial

	Eligibility
	(1) Patients aged ≥ 20 years with obstructive colorectal cancer
(2) Undergoing primary tumor resection
(3) Without bowel perforation, peritonitis, prior stoma creation, colonic stent placement
	Same as for the target trial

	Treatment strategies
	DS-BTS versus ER 
treatment strategies
	DS-BTS versus ER &
DS-BTS versus Both treatment strategies

	Treatment
assignment
	Eligible patients are randomly assigned to treatment strategies with equal probability through randomization procedures.
	Using propensity score approaches to generate comparable study populations between treatment groups.
Primary analysis: IPTW with stabilized weights
Sensitivity analysis: propensity score matching (PSM)

	Follow-up
	Follow-up begins at the index date and ends at the occurrence of study outcomes, death, loss to follow-up, or December 31, 2023, whichever comes first.
	Same as for the target trial (the assignment and initiation of the treatment occur at the same time in the real-world scenario)

	Outcome
	90-day all-cause mortality, 
3-year all-cause mortality

	90-day all-cause mortality, 
3-year all-cause mortality, 
overall mortality, 
postoperative complications, and length of hospital stay.

	Causal contrast
	Intention-to-treat effect (effect of assigned treatment strategy).
	Observational analog of the intention-to-treat effect.

	Statistical
analysis
	Intention-to-treat analysis.
Kaplan–Meier survival analysis, log-rank tests, and Cox proportional hazards regression models.
	Same as intention-to-treat analysis using IPTW-adjusted Cox proportional hazards models and subgroup analyses.


The emulation of a target trial for assessing outcomes associated with different surgical treatment strategies for obstructive colorectal cancer was conducted using nationwide data obtained from the Taiwan National Health Insurance Database and Taiwan Cancer Registry. The Taiwan Cancer Registry provided tumor-related information, including cancer stage, histologic type, tumor differentiation grade, tumor size, primary tumor location, and tumor perforation status. The National Health Insurance Research Database provided information on diagnoses, procedures, treatment exposure, comorbidities, hospitalization, postoperative events, and mortality follow-up.
Abbreviations: DS-BTS, diverting stoma as a bridge to surgery; ER, emergency resection; IPTW, inverse probability of treatment weighting; PSM, propensity score matching.



	Table S2. Definitions of inclusion and exclusion criteria.
	

	Inclusion criteria
	Definition 
	Assessment period*

	Colorectal cancer
	ICD-10 code: C18.0–C18.9, excluding C18.1 (appendiceal cancer), C19,C20
ICD-9 code: 153.0–153.9, excluding 153.5
	[–∞, 0]

	Obstruction
	ICD-10 code: K56.6, K56.7
ICD-9 code: 560.9, 560.89
TCR: SSF7
	[–∞, 0]

	Primary tumor resection
	TCR: DOP_MDS
	[0, 0]

	Age
	≥20years
	[0, 0]

	Exclusion criteria
	Definition 
	Assessment period*

	Bowel perforation or peritonitis
	ICD-10 code: K63.1, K65.0, K65.1, K65.2, K65.8, K65.9 
ICD-9 code: 569.83, 567.0, 567.1, 567.2, 567.9
TCR: SSF8
	[–90, 0]

	Prior stoma creation or colonic stent placement
	Procedure code: 73022B, 73037B, 49029B
	before colorectal cancer diagnosis

	Abbreviations: ICD-10, International Classification of Diseases,10th Revision; ICD-9, International Classification of Diseases, 9th Revision; TCR, Taiwan Cancer Registry.

	* The start of follow-up was set to be time zero. We evaluated the inclusion and exclusion criteria during the assessment period.





	Table S3. Definitions of outcomes.

	Outcome
	Definition 
	Assessment period*

	90-day all-cause mortality
	TDR: D_DATE
	[0, +90]

	3-year all-cause mortality
	TDR: D_DATE
	[0, +1095]

	Overall all-cause mortality
	TDR: D_DATE
	[0, end of follow-up]

	Length of hospital stay 
	during the admission for primary tumor resection
	[0, 0]

	Postoperative complications within 30 and 90 days after discharge from the index hospitalization

	 1. Anastomotic leak
	ICD-10 code: K63.2, K65.0, K65.1, K91.89, Y83.2, T81.83XA
ICD-9 code: 97.4, 567.22, 569.81, 998.6
	[0, +30] & [0, +90]

	 2. Surgical site infections
	ICD-10 code: T81.41XA, T81.42XA, T81.43XA, T81.44XA,T81.12XA
ICD-9 code: 998.51, 998.59
	[0, +30] & [0, +90]

	 3. Postoperative ileus
	ICD-10 code: K91.30, K91.31, K91.32, K56.7
ICD-9 code: 560.1, 997.4
	[0, +30] & [0, +90]

	 4. Postoperative bleeding-related  complications
	ICD-10 code: K91.6, K91.840, K91.870, K91.872
ICD-9 code: 998.11, 998.12, 998.13
	[0, +30] & [0, +90]

	 5. Wound dehiscence
	ICD-10 code: T81.30XA, T81.31XA, T81.32XA
ICD-9 code: 998.31, 998.32, 998.83
	[0, +30] & [0, +90]

	 6. Intraoperative organ injury
	ICD-10 code: K91.71, K91.72
ICD-9 code: 998.2
	[0, +30] & [0, +90]

	Abbreviations: ICD-10, International Classification of Diseases,10th Revision; ICD-9, International Classification of Diseases, 9th Revision; TDR, Taiwan Death Registry.

	* The start of follow-up was set to be time zero. We evaluated the inclusion and exclusion criteria during the assessment period.





	Table S4. Definitions of covariates.

	Covariates
	Definition 
	Assessment period*

	Age (year)
	<65 yrs, ≥65 yrs
	[0, 0]

	Sex 
	Male, Female
	[0, 0]

	Calendar year of resection
	2016-2022
	[0, 0]

	Tumor sidedness
	Left
ICD-10 code: C18.5, C18.6, C18.7
ICD-9 code: 153.2, 153.3, 153.7
Right
ICD-10 code: C18.0, C18.2, C18.3, C18.4
ICD-9 code: 153.0, 153.1, 153.4, 153.6
	[-365, 0]

	Histologic type
	TCR: HIST
Adenocarcinoma, Signet ring, Mucinous
	[-365, 0]

	Tumor size
	TCR: SITE
<4 cm, 4-5 cm, >5 cm
	[-365, 0]

	Tumor differentiation grade
	TCR: GRADE_C & GRADE_P
Well-differentiated, Moderately differentiated, Poorly differentiated, Undifferentiated or anaplastic
	[-365, 0]

	Tumor stage
	TCR: CSTAGE, PSTAGE
0-II, III, IV
	[-365, 0]

	Radiotherapy
	TCR: DRT_1ST
No, Yes
	[-365, 0]

	Chemotherapy
	TCR: CHEM_H
No, Yes
	[-365, 0]

	Targeted therapy
	TCR: TARGET_H
No, Yes
	[-365, 0]

	Charlson
Comorbidity Index
	2, 3-5,  >5
	[-365, 0]

	Hypertension
	ICD-10 code: I10-I13, I15, N26.2
ICD-9 code: 401-405
	[-365, 0]

	
	
	
	

	Hyperlipidemia
	ICD-10 code: E75.2, E75.3, E75.5, E75.6, E77
ICD-9 code: 272; E78, E88.1, E88.2, E88.89 
	[-365, 0]
	

	Abbreviations: ICD-10, International Classification of Diseases,10th Revision; ICD-9, International Classification of Diseases, 9th Revision; TCR, Taiwan Cancer Registry.
	

	* The start of follow-up was set to be time zero. We evaluated the inclusion and exclusion criteria during the assessment period.
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	Table S5. Postoperative complications by treatment strategy.　　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	DS-BTS
(n=1135)
	　
	ER
(n=14594)
	　
	Both
(n=1433)
	　

	　
	N　
	n
	(%)
	　
	n
	(%)
	　
	n
	(%)
	P-value

	Postoperative complications within 30 days
	1004
	41 
	(3.61)
	　
	828 
	(5.67)
	　
	135 
	(9.42)
	<.0001

	1. Anastomotic leak
	316
	6 
	(0.53)
	　
	271 
	(1.86)
	　
	39 
	(2.72)
	0.0002

	2. Surgical site infections
	595
	31 
	(2.73)
	　
	495 
	(3.39)
	　
	69 
	(4.82)
	0.0072

	3. Postoperative ileus
	179
	5 
	(0.44)
	　
	143 
	(0.98)
	　
	31 
	(2.16)
	<.0001

	4. Postoperative bleeding-related complications
	　
	<5
	　
	　
	5 
	(0.03)
	　
	<5
	　
	　

	5. Wound dehiscence
	　
	<5
	　
	　
	40 
	(0.27)
	　
	7 
	(0.49)
	　

	6. Intraoperative organ injury
	　
	<5
	　
	　
	<5
	　
	　
	<5
	　
	　

	Postoperative complications within 90 days
	1534
	76 
	(6.70)
	　
	1257 
	(8.61)
	　
	201 
	(14.03)
	<.0001

	1. Anastomotic leak
	501
	25 
	(2.20)
	　
	407 
	(2.79)
	　
	69 
	(4.82)
	<.0001

	2. Surgical site infections
	939
	46 
	(4.05)
	　
	797 
	(5.46)
	　
	96 
	(6.70)
	0.0136

	3. Postoperative ileus
	252
	12 
	(1.06)
	　
	194 
	(1.33)
	　
	46 
	(3.21)
	<.0001

	4. Postoperative bleeding-related complications
	　
	<5
	　
	　
	10 
	(0.07)
	　
	<5
	　
	　

	5. Wound dehiscence
	　
	<5
	　
	　
	50 
	(0.34)
	　
	12 
	(0.84)
	　

	6. Intraoperative organ injury
	　
	<5
	　
	　
	<5
	　
	　
	<5
	　
	　

	Abbreviations: DS-BTS, diverting stoma as a bridge to surgery; ER, emergency resection.





	Table S6. Standardized mean differences before and after IPTW.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	　
	Stage I-II
	　
	Stage III
	　
	Stage IV

	　
	DS_BTS vs. ER
	　
	DS_BTS vs. Both
	　
	DS_BTS vs. ER
	　
	DS_BTS vs. Both
	　
	DS-BTS vs. ER
	　
	DS-BTS vs. Both

	　
	Before
	　
	After
	　
	Before
	　
	After
	　
	Before
	　
	After
	　
	Before
	　
	After
	　
	Before
	　
	After
	　
	Before
	　
	After

	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD
	　
	SMD

	Age group
	0.090 
	
	0.065 
	
	0.064 
	
	0.018 
	
	0.077 
	
	0.057 
	
	0.034 
	
	0.011 
	
	0.162 
	
	0.115 
	
	0.272 
	
	0.115 

	Sex
	0.178 
	
	0.028 
	
	0.093 
	
	0.002 
	
	0.120 
	
	0.017 
	
	0.010 
	
	0.003 
	
	0.155 
	
	0.074 
	
	0.003 
	
	0.139 

	Tumor sidedness
	0.720 
	
	0.053 
	
	0.222 
	
	0.029 
	
	0.849 
	
	0.020 
	
	0.328 
	
	0.020 
	
	0.784 
	
	0.068 
	
	0.393 
	
	0.036 

	Histologic type
	0.189 
	
	0.079 
	
	0.088 
	
	0.014 
	
	0.074 
	
	0.002 
	
	0.055 
	
	0.008 
	
	0.115 
	
	0.032 
	
	0.185 
	
	0.038 

	Tumor size
	0.180 
	
	0.054 
	
	0.186 
	
	0.061 
	
	0.208 
	
	0.091 
	
	0.090 
	
	0.025 
	
	0.442 
	
	0.140 
	
	0.471 
	
	0.213 

	Tumor differentiation grade
	0.225 
	
	0.073 
	
	0.154 
	
	0.057 
	
	0.164 
	
	0.123 
	
	0.157 
	
	0.080 
	
	0.225 
	
	0.212 
	
	0.274 
	
	0.104 

	Radiotherapy
	0.360 
	
	0.001 
	
	0.342 
	
	0.012 
	
	0.242 
	
	0.005 
	
	0.222 
	
	0.021 
	
	0.291 
	
	0.011 
	
	0.321 
	
	0.036 

	Chemotherapy
	0.604 
	
	0.002 
	
	0.560 
	
	0.026 
	
	0.436 
	
	0.000 
	
	0.439 
	
	0.124 
	
	1.508 
	
	0.032 
	
	1.394 
	
	0.029 

	Charlson comorbidity index
	0.068 
	
	0.037 
	
	0.298 
	
	0.010 
	
	0.190 
	
	0.028 
	
	0.218 
	
	0.033 
	
	1.399 
	
	0.029 
	
	1.491 
	
	0.076 

	Hypertension 
	0.017 
	
	0.020 
	
	0.174 
	
	0.040 
	
	0.104 
	
	0.020 
	
	0.006 
	
	0.016 
	
	0.065 
	
	0.105 
	
	0.022 
	
	0.090 

	Hyperlipidemia
	0.101 
	　
	0.015 
	　
	0.161 
	　
	0.038 
	　
	0.185 
	　
	0.033 
	　
	0.014 
	　
	0.012 
	　
	0.120 
	　
	0.066 
	　
	0.060 
	　
	0.030 

	The propensity-score models included age group at index date, sex, tumor sidedness, histologic type, tumor size, tumor differentiation grade, radiotherapy, chemotherapy, targeted therapy, charlson comorbidity index, hypertension, and hyperlipidemia. Stabilized weights were calculated by multiplying the IPTW by the marginal probability of receiving the treatment actually received.
Abbreviations: SMD, standardized mean difference; IPTW, inverse probability of treatment weighting; DS-BTS, diverting stoma as a bridge to surgery; ER, emergency resection.






	Table S7.  Sensitivity analysis using propensity-score matching.

	　
	DS-BTS vs. ER
	　
	DS-BTS vs. Both

	　
	DS-BTS 
	　
	ER 
	　
	　
	　
	DS-BTS 
	　
	Both
	　
	　

	　
	n
	(%)
	　
	n
	(%)
	P-value
	wOR/
wHR
	95% CI
	　
	n
	(%)
	　
	n
	(%)
	P-value
	wOR/
wHR
	95% CI

	Stage I-II
	279 
	
	
	279 
	
	
	
	
	
	
	239 
	
	
	239 
	
	
	
	
	

	Length of stay during admission for resection, 
Mean (SD)
	14 
	(7.60)
	
	16 
	(8.98)
	0.0272 
	
	
	
	
	14 
	(7.88)
	
	22 
	(10.12)
	<.0001
	
	
	

	90-day mortality (wOR)
	9 
	(3.23)
	
	8 
	(2.87)
	0.8054 
	1.12 
	(0.43
	, 2.91)
	
	8 
	(3.35)
	
	18 
	(7.53)
	0.0437 
	0.44 
	(0.19
	, 1.00)

	3-year mortality (wHR)
	50 
	(17.92)
	
	43 
	(15.41)
	0.4265 
	1.18 
	(0.79
	, 1.77)
	
	42 
	(17.57)
	
	59 
	(24.69)
	0.0568 
	0.67 
	(0.45
	, 1.00)

	All-cause mortality (wHR)
	73 
	(26.16)
	
	62 
	(22.22)
	0.2769 
	1.25 
	(0.89
	, 1.76)
	
	60 
	(25.10)
	
	85 
	(35.56)
	0.0129 
	0.66 
	(0.48
	, 0.92)

	Postoperative complications within 30 days (wOR)
	6 
	(2.15)
	
	11 
	(3.94)
	0.2181 
	0.54 
	(0.20
	, 1.47)
	
	5 
	(2.09)
	
	16 
	(6.69)
	0.0141 
	0.31 
	(0.11
	, 0.84)

	Postoperative cowmplications within 90 days (wOR)
	21 
	(7.53)
	
	21 
	(7.53)
	1.0000 
	0.99 
	(0.54
	, 1.81)
	
	18 
	(7.53)
	
	32 
	(13.39)
	0.0364 
	0.54 
	(0.30
	, 0.96)

	Stage III
	403 
	
	
	403 
	
	
	
	
	
	
	354 
	
	
	354 
	
	
	　
	　
	　

	Length of stay during admission for resection, 
Mean (SD)
	14 
	(8.06)
	
	16 
	(8.66)
	0.0031 
	
	
	
	
	14 
	(7.42)
	
	23 
	(9.69)
	<.0001
	　
	　
	　

	90-day mortality (wOR)
	9 
	(2.23)
	
	13 
	(3.23)
	0.3872 
	0.69 
	(0.29
	, 1.60)
	
	9 
	(2.54)
	
	18 
	(5.08)
	0.0774 
	0.49 
	(0.22
	, 1.09)

	3-year mortality (wHR)
	110 
	(27.30)
	
	74 
	(18.36)
	0.0025 
	1.58 
	(1.18
	, 2.12)
	
	101 
	(28.53)
	
	118 
	(33.33)
	0.1669 
	0.83 
	(0.64
	, 1.08)

	All-cause mortality (wHR)
	161 
	(39.95)
	
	126 
	(31.27)
	0.0100 
	1.46 
	(1.16
	, 1.85)
	
	145 
	(40.96)
	
	150 
	(42.37)
	0.7031 
	0.91 
	(0.73
	, 1.15)

	Postoperative complications within 30 days (wOR)
	20 
	(4.96)
	
	17 
	(4.22)
	0.6136 
	1.17 
	(0.61
	, 2.24)
	
	17 
	(4.80)
	
	24 
	(6.78)
	0.2600 
	0.70 
	(0.38
	, 1.30)

	Postoperative cowmplications within 90 days (wOR)
	26 
	(6.45)
	
	21 
	(5.21)
	0.4523 
	1.24 
	(0.70
	, 2.20)
	
	21 
	(5.93)
	
	37 
	(10.45)
	0.0283 
	0.56 
	(0.33
	, 0.95)

	Stage IV
	333 
	
	
	333 
	
	
	
	
	
	
	172 
	
	
	172 
	
	
	　
	　
	　

	Length of stay during admission for resection, 
Mean (SD)
	16 
	(9.07)
	
	18 
	(10.55)
	0.1002 
	
	
	
	
	16 
	(7.99)
	
	24 
	(11.18)
	<.0001
	　
	　
	　

	90-day mortality (wOR)
	16 
	(4.80)
	
	29 
	(8.71)
	0.0448 
	0.54 
	(0.29
	, 0.99)
	
	11 
	(6.40)
	
	18 
	(10.47)
	0.1743 
	0.59 
	(0.28
	, 1.25)

	3-year mortality (wHR)
	195 
	(58.56)
	
	200 
	(60.06)
	0.6933 
	1.06 
	(0.87
	, 1.29)
	
	105 
	(61.05)
	
	105 
	(61.05)
	1.0000 
	0.99 
	(0.76
	, 1.30)

	All-cause mortality (wHR)
	214 
	(64.26)
	
	233 
	(69.97)
	0.1171 
	1.01 
	(0.84
	, 1.21)
	
	116 
	(67.44)
	
	118 
	(68.60)
	0.8172 
	0.99 
	(0.77
	, 1.28)

	Postoperative complications within 30 days (wOR)
	15 
	(4.50)
	
	19 
	(5.71)
	0.4813 
	0.78 
	(0.40
	, 1.53)
	
	10 
	(5.81)
	
	15 
	(8.72)
	0.2991 
	0.65 
	(0.29
	, 1.46)

	Postoperative cowmplications within 90 days (wOR)
	27 
	(8.11)
	　
	27 
	(8.11)
	1.0000 
	0.99 
	(0.58
	, 1.69)
	　
	13 
	(7.56)
	　
	23 
	(13.37)
	0.0782 
	0.55 
	(0.28
	, 1.09)

	Abbreviations: DS-BTS, diverting stoma as a bridge to surgery; ER, emergency resection; wHR, weighted hazard ratio; wOR, weighted odds ratio; CI, confidence interval; SD, standard deviation.



Table S8. Characteristics and outcomes of patients undergoing diverting stoma without subsequent primary tumor resection.

	Variable
	Stoma-only group

	Number of patients
	1639

	Stage I–II / III if known
	413 (25.20%)

	Stage IV if known
	1122 (68.46%)

	Stage unknown
	104 (6.35%)

	90-day mortality from stoma creation
	430 (26.24%)

	3-year mortality
	1391 (84.87%)

	Chemotherapy / targeted therapy
	234 (14.28%)



Table S9. Sensitivity analysis excluding chemotherapy and targeted therapy from the propensity-score model.

	Stage
	Comparison
	Outcome
	Primary IPTW estimate
	Reduced-model estimate
	Interpretation

	Stage IV
	DS-BTS vs ER
	90-day mortality (wOR)
	0.54 	
(0.33, 0.88)
	0.60
(0.38, 0.94)
	Consistent

	Stage III
	DS-BTS vs ER
	3-year mortality (wHR)
	1.28 
(1.06, 1.54)
	1.30
(1.08, 1.56)
	Consistent

	Stage III
	DS-BTS vs ER
	All-cause mortality (wHR)
	1.32 
(1.12, 1.55)
	1.36
(1.16, 1.59)
	Consistent
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Figure S1. Illustration of the definition of the study period
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Supplement Figure 1. Illustration of the definition of the study period
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Abbreviations: CRC, colorectal cancer; DS-BTS, diverting stoma as bridge to surgery; ER, emergency resection. Time, days
Baseline covariates were assessed before the index date. Follow-up started on the date of primary tumor resection.




