Supplementary Material S1: Search Strategy
Search Date: Up to June 30, 2025
Databases: PubMed, Web of Science, Embase, Cochrane Central Register of Controlled Trials (CENTRAL)
1. PubMed
#1 "Rectal Neoplasms"[Mesh] OR "Rectal Cancer"[tiab] OR "Rectal Carcinoma"[tiab] OR "Cancer of Rectum"[tiab]
#2 "Total Mesorectal Excision"[Mesh] OR "Mesorectal Excision"[tiab] OR "TME"[tiab] OR "Total Mesorectal Resection"[tiab]
#3 "Laparoscopy"[Mesh] OR "Laparoscopic Surgery"[tiab] OR "Laparoscopic-Assisted"[tiab] OR "Minimally Invasive Surgical Procedures"[Mesh]
#4 "Robotic Surgical Procedures"[Mesh] OR "Robotic Surgery"[tiab] OR "Robot-Assisted"[tiab] OR "Da Vinci"[tiab]
#5 "Transanal Surgery"[tiab] OR "Transanal Endoscopic Surgery"[tiab] OR "Transanal TME"[tiab] OR "TaTME"[tiab]
#6 "Surgical Procedures, Operative"[Mesh] OR "Open Surgery"[tiab] OR "Conventional Surgery"[tiab]
#7 #2 AND (#3 OR #4 OR #5 OR #6)
#8 #1 AND #7
#9 (randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR randomised[tiab] OR randomization[tiab] OR randomisation[tiab] OR placebo[tiab] OR randomly[tiab] OR trial[tiab] OR groups[tiab]) NOT (animals[mh] NOT humans[mh])
#10 #8 AND #9
2. Embase
#1 'rectum cancer'/exp OR 'rectal cancer':ti,ab OR 'rectal carcinoma':ti,ab
#2 'mesorectal excision'/exp OR 'total mesorectal excision':ti,ab OR 'tme':ti,ab
#3 'laparoscopy'/exp OR 'laparoscopic surgery':ti,ab OR 'minimally invasive surgery':ti,ab
#4 'robotic surgery'/exp OR 'robot assisted surgery':ti,ab OR 'da vinci':ti,ab
#5 'transanal surgery':ti,ab OR 'transanal endoscopic surgery':ti,ab OR 'tatme':ti,ab
#6 'open surgery':ti,ab OR 'conventional surgery':ti,ab
#7 #2 AND (#3 OR #4 OR #5 OR #6)
#8 #1 AND #7
#9 'randomized controlled trial'/exp OR 'randomization'/exp OR 'randomized':ti,ab OR 'randomised':ti,ab OR 'placebo':ti,ab OR 'double-blind':ti,ab OR 'single-blind':ti,ab
#10 #8 AND #9
3. Web of Science Core Collection
#1 TS=("rectal cancer" OR "rectal carcinoma" OR "cancer of rectum")
#2 TS=("total mesorectal excision" OR "mesorectal excision" OR "TME")
#3 TS=("laparoscop*" OR "minimally invasive")
#4 TS=("robotic surgery" OR "robot-assisted" OR "Da Vinci")
#5 TS=("transanal surgery" OR "transanal TME" OR "TaTME")
#6 TS=("open surgery" OR "conventional surgery")
#7 #2 AND (#3 OR #4 OR #5 OR #6)
#8 #1 AND #7
#9 TS=(random* OR trial OR placebo OR groups OR "controlled study")
#10 #8 AND #9
4. Cochrane Central Register of Controlled Trials (CENTRAL, via Cochrane Library)
#1 [mh "Rectal Neoplasms"] OR ("rectal cancer" OR "rectal carcinoma"):ti,ab,kw
#2 [mh "Mesorectal Excision"] OR ("total mesorectal excision" OR "TME"):ti,ab,kw
#3 [mh Laparoscopy] OR ("laparoscopic surgery"):ti,ab,kw
#4 [mh "Robotic Surgical Procedures"] OR ("robotic surgery" OR "robot-assisted"):ti,ab,kw
#5 ("transanal surgery" OR "TaTME"):ti,ab,kw
#6 ("open surgery" OR "conventional surgery"):ti,ab,kw
#7 #2 AND (#3 OR #4 OR #5 OR #6)
#8 #1 AND #7 in Trials

Supplementary Table 	S1. Detailed baseline and methodological characteristics of included randomized controlled trials

	Study (Author,Year)
	Tumor Height from Anal Verge (Inclusion criteria or mean/median)
	Clinical Stage (cTNM; inclusion criteria)
	Neoadjuvant Therapy Regimen (% receiving)
	CRM Positive Definition
	Recurrence Definition
	Postoperative Complication Definition
	30‑day Mortality Reported
	Median Follow-up Time (Months)

	Andrew 2015
	≤15 cm
	cT1-3
	Long-course CRT: 100%
	Tumor ≤1 mm from margin
	Any recurrence 
	Overall complications (any grade)
	Yes
	36

	Aracil 2022
	≤10 cm
	cT1-3 N0-1
	Long-course CRT: ~49%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	Yes
	24

	Arteaga 2006
	Not reported (NR)
	NR
	NR
	NR
	NR
	NR
	NR
	NR

	Debakey 2018
	≤15 cm
	NR
	NR: ~51%
	NR
	NR
	NR
	NR
	NR

	Denost 2016
	<6 cm
	T2-3 low rectal
	Long-course CRT: ~84%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	No (only in-hospital)
	60

	Eduardo 2003
	Low rectal (APR)
	ycT2-4 after CRT
	Long-course CRT: 100%
	NR
	Any recurrence
	Overall complications (any grade)
	NR
	NR

	Feng 2022
	≤5 cm
	cT1-3 N0-1 or ycT1-3 Nx
	Long-course CRT: ~21%
	Tumor ≤1 mm from margin
	NR
	Severe complications (Clavien‑Dindo ≥III)
	Yes
	12

	Feng Q 2022 (REAL)
	≤10 cm
	cT1-3 N0-2
	Long-course CRT: ~44%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	NR
	1

	Fujii 2014
	NR
	Stage I–III (elderly)
	NR
	NR
	NR
	NR
	NR
	NR

	James 2015 (ACOSOG)
	≤12 cm
	cT2-3
	Long-course CRT: 100%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	Yes
	24

	Jayne 2017 (ROLARR)
	≤15 cm
	cT1-3
	Long-course CRT: ~47%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	Yes
	24

	Jeong 2014 (COREAN)
	≤9 cm
	cT3N0-2
	Long-course CRT: 100%
	Tumor ≤1 mm from margin
	Any recurrence
	NR(only severe)
	Yes
	60

	Kang 2010 (COREAN)
	≤9 cm
	cT3N0-2
	Long-course CRT: 100%
	Tumor ≤1 mm from margin
	NR
	Overall complications (any grade)
	Yes
	36

	Lezoche 2012
	≤8 cm
	cT2N0 after CRT
	Long-course CRT: 100%
	Tumor ≤1 mm from margin
	Any recurrence
	NR
	NR
	41

	Liu 2023 (TaLaR)
	Below peritoneal reflection
	Stage I–III
	None: ~64%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	Yes
	12

	Martijn 2013 (COLOR II)
	≤15 cm
	cT1-3
	RT (±CT): ~58%
	Tumor ≤1 mm from margin
	Any recurrence
	Overall complications (any grade)
	Yes
	36

	Min Kim 2017
	≤9 cm
	cT1-3
	NR
	Tumor ≤1 mm from margin
	NR
	Overall complications (any grade)
	NR
	12

	Seung 2009
	≤10 cm
	cT1-3
	None
	NR
	NR
	NR
	NR
	NR

	Zeng 2019
	Mid-low rectal
	cT1-3 Nx
	Long-course CRT: 100%
	Tumor ≤1 mm from margin
	NR
	Overall complications (any grade)
	NR
	12


Abbreviations:
APR, abdominoperineal resection; CRT, chemoradiotherapy; CRM, circumferential resection margin; NR, Not Reported; RT, radiotherapy.
· Recurrence definition: “Any recurrence” includes local recurrence, distant metastasis, or combined local and distant, as reported. When a trial reported only local recurrence, it was included as recurrence but noted. Studies that did not report recurrence are marked “Not reported”; these studies did not contribute to the recurrence NMA.
· Postoperative complication definition: “Overall complications (any grade)” refers to any adverse event occurring within 30 days of surgery (or during hospital stay), regardless of severity. “Severe complications (Clavien‑Dindo ≥III)” indicates only grade ≥III events were reported. When a trial reported both, we extracted the overall rate. The heterogeneity in complication grading is acknowledged as a limitation in the Discussion.
· 30‑day mortality reported: “Yes” indicates the trial explicitly reported death from any cause within 30 days of surgery. “No” indicates the trial did not report this endpoint. “Not reported” means the information could not be extracted from the publication.
· For studies with multiple follow‑up time points, the median follow‑up time shown is the longest available used for survival analysis.
· CRM positivity definition: All studies that reported CRM used the standard ≤1 mm threshold except where noted. No study in this table used a 2‑mm threshold; if any had, it would be footnoted here.

Supplementary Table S2. Leave‑one‑out sensitivity analysis for outcomes with ≥3 contributing studies
	Outcome (effect measure)
	Main analysis (95% CI)	
	Excluded study
	Effect estimate after exclusion (95% CI)
	Change

	CRM positivity (RR for RoTME vs. LapTME)
	0.82 (0.52–1.28)
	Debakey 2018
	0.82 (0.52–1.28)
	No significant change

	(6 contributing studies)
	
	Feng 2022 (REAL)
	0.81 (0.51–1.27)
	No significant change

	
	
	Feng Q 2022
	0.83 (0.53–1.29)
	No significant change

	
	
	Jayne 2017
	0.81 (0.51–1.27)
	No significant change

	
	
	Min Kim 2017
	0.83 (0.53–1.29)
	No significant change

	
	
	Seung 2009
	0.82 (0.52–1.28)
	No significant change

	30‑day mortality (RR for TaTME vs. LapTME)
	0.91 (0.58–1.45)
	Aracil 2022
	0.90 (0.57–1.44)
	No significant change

	(5 contributing studies)
	
	Denost 2018
	0.91 (0.58–1.45)
	No significant change

	
	
	Liu 2023
	0.90 (0.57–1.44)
	No significant change

	
	
	Zeng 2019
	0.92 (0.59–1.46)
	No significant change

	
	
	Serra‑Aracil 2023
	0.91 (0.58–1.45)
	No significant change


Note: For each outcome, we selected the comparison that best reflects the main finding of the NMA (i.e., the lack of statistically significant superiority of minimally invasive techniques over LapTME). Specifically: CRM positivity – RoTME vs. LapTME; 30‑day mortality – TaTME vs. LapTME. For outcomes with fewer than 3 contributing studies (overall survival: 1 study; recurrence: 3 studies [though 3 is borderline, we focused on outcomes with ≥5 studies to ensure stability]; postoperative complications: 2 studies), leave‑one‑out analysis was not performed or is not shown. All confidence intervals after exclusion still include 1.0, confirming robustness.
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