	TABLE 1 | Basic characteristics of the included studies.

	Author (ref)
	Year
	Country/area
	Patients
(NOSE/CL)
	Gender (M/F)
(NOSE/CL)
	Age a (NOSE/CL)
	BMI a (NOSE/CL)
	Study type
	Approach
	Disease 
type
	cTNM 
	Extent of resection
(NOSE/CL)
	Location

	Hisada et al (4)
	2014
	Japan
	20/50
	12/8
	NA
	63.7 ± 9.0
	66.3 ± 11.0
	NA
	NA
	RT
	TS
	Mal
	I-III
	NA
	Rec

	Park et al (5)
	2017
	Korea
	138/138
	32/106
	41/97
	60.3 ± 10.6
	60.4 ± 11.3
	23.4 ± 2.9
	23.3 ± 3.2
	RT
	TS /TV
	Mal
	0-III
	NA
	Rec

	Costantino et al (9)
	2011
	France
	17/9
	6/11
	4/5
	60.1 ± 9.4
	59.5 ± 12.6
	25.5 ± 3.0
	30.5 ± 4.2
	PNT
	TS
	Ben
	NA
	NA
	SC

	Award et al (10)
	2014
	USA
	20/20
	20 (F)
	20 (F)
	63.6 ± 9.0
	66.9 ± 8.9
	25.1 ± 6.7
	31.6 ± 8.3
	RT
	TV
	Ben/Mal
	I-III
	24.4 ± 5.9/40.1 ± 26.8
	RC

	Zhang et al (11)
	2014
	China
	65/132
	32/33
	57/75
	56.1 ± 9.3
	55.5 ± 9.5
	23.7 ± 2.9
	23.1 ± 3.1
	RT
	TS
	Mal
	I-III
	NA
	SC, Rec

	Leung et al (12)
	2013
	China
	35/35
	13/22
	12/23
	62 (51–86)
	72 (49–84)
	NA
	NA
	RCT
	TS
	Mal
	NA
	NA
	LC

	Park et al (16)
	2011
	Korea
	34/34
	34 (F)
	34(F)
	61.0 ± 11.2
	63.6 ± 11.6
	23.9 ± 3.1
	23.1 ± 2.7
	PNT
	TV
	Mal
	I-III
	NA
	RC

	Wolthuis et al (24)
	2014
	Belgium
	20/20
	5/15
	10/10
	54 (31–72)
	58 (40–73)
	23.5 (18–29)
	24 (20–29)
	RCT
	TR
	Ben/Mal
	NA
	25 (12–44)/18 (12–33)
	SC

	Denost et al (25)
	2015
	France
	122/98
	70/52
	69/29
	63 (20–90)
	65 (25–85)
	24.3 (17.3–33.6)
	25.8 (18.8–38.3)
	RT
	TS
	Mal
	0-III
	NA
	Rec

	Saurabh et al (26)
	2017
	Taiwan
	82/106
	47/35
	65/41
	63.3 ± 13.9
	64.7 ± 10.9
	24.4 ± 4.2
	24.4 ± 3.2
	RT
	TS
	Ben/Mal
	I-III
	16 ± 5.3/15.3 ± 5.3
	SC, Rec

	Xu et al (27)
	2016
	China
	23/23
	13/10
	13/10
	63.0 ± 9.4
	63.5 ± 13.5
	22.2 ± 2.7
	22.2 ± 3.3
	RT
	TS
	Mal
	0-III
	NA
	LC, Rec 

	Christoforidis et al (28) 
	2012
	Switzerland
	10/20
	3/7
	10/10
	47 (26–62)
	56 (38–81)
	27.6 (19.7–30.9)
	26.4 (19.4–31.6)
	PNT
	TR
	Ben
	NA
	NA
	LC, Rec

	Kim et al (29)
	2014
	Korea
	58/58
	58 (F)
	58 (F)
	62.8 ± 9.0
	63.2 ± 10.7
	23.5 ± 2.9
	23.2 ± 3.3
	PNT
	TV
	Mal
	I-III
	NA
	LC

	Xing et al (30)
	2017
	China
	16/32
	12/4
	24/8
	61.9 ± 11.8
	62.4 ± 12.0
	23.1 ± 1.2
	23.9 ± 1.7
	PNT
	TS
	Mal
	I-III
	18.2 ± 4.8/19.8 ± 5.7
	SC

	NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; a, mean ± SD or median (range); SD, standard deviation; BMI, body mass index; NA, not available; RCT, randomized controlled trial; RT, retrospective trial; 
PNT, prospective nonrandomized trial; cTNM, clinical TNM stage; M, male; F, female; Ben, benign; Mal, malignant; SC, sigmoid colon; LC, left colon; RC, right colon; Rec, rectum; TS, transanal; TV, transvaginal; TR, transrectal; ref, reference.





	TABLE 2 | Newcastle-Ottawa Scale for bias risk assessment of retrospective and prospective nonrandomized studies.

	Author (ref)
	Case definition
	Representativeness
	Control selection
	Definition of controls
	Comparability
	Ascertainment of exposure
	SMACC
	Non-response rate
	Total

	Hisada et al (4)
	1
	1
	1
	1
	1
	1
	1
	0
	7

	Park et al (5)
	1
	1
	1
	0
	2
	1
	1
	1
	8

	Costantino et al (9)
	1
	1
	1
	1
	1
	1
	1
	0
	7

	Award et al (10)
	1
	1
	1
	1
	1
	1
	1
	0
	7

	Zhang et al (11)
	1
	1
	1
	0
	1
	1
	1
	0
	6

	Park et al (16)
	1
	1
	1
	0
	1
	1
	1
	0
	6

	Denost et al (25)
	1
	1
	1
	0
	2
	1
	1
	1
	8

	Saurabh et al (26)
	1
	1
	1
	0
	1
	1
	1
	0
	6

	Xu et al (27)
	1
	0
	1
	0
	1
	1
	1
	0
	5

	Christoforidis et al (28)
	1
	1
	1
	1
	1
	1
	1
	0
	7

	Kim et al (29)
	1
	1
	1
	0
	1
	1
	1
	1
	7

	Xing et al (30)
	1
	0
	1
	0
	1
	1
	1
	0
	5

	SMACC, same method of ascertainment for cases and controls.


























	[bookmark: _Hlk2716466]TABLE 3 | Meta-analysis of main endpoints. 

	Endpoints
	No. of patients
	No. of trials
(No. of RCTs)
	NOSE
	CL
	HR/OR/WMD (95%CI)
	P value
	I2 (%)
	P value for heterogeneity

	Oncological outcomes (ref)

	Five-year DFS (5, 25)
	496
	2 (0)
	260
	236
	0.84 (0.54 to 1.31)
	0.45
	0
	0.83

	Lymph node harvest (4, 10, 11, 16, 26, 29, 30)
	727
	7 (0)
	295
	432
	–0.97 (–1.97 to 0.03)
	0.06
	0
	0.76

	Proximal margin, cm (26, 27, 29)
	350
	3 (0)
	163
	187
	0.47 (–0.49 to 1.42)
	0.34
	0
	0.72

	Distal margin, cm (26, 27, 29)
	350
	3 (0)
	163
	187
	–0.11 (–0.66 to 0.45)
	0.70
	24
	0.27

	Safety outcomes

	Surgical site infection (4, 5, 10, 12, 26, 29, 30)
	808
	7 (1)
	369
	439
	0.15 (0.05 to 0.42)
	<0.001
	0
	0.99

	Anastomotic leakage (5, 9, 11, 26, 27, 29)
	819
	6 (0)
	383
	436
	0.71 (0.36 to 1.38)
	0.31
	0
	0.96

	Blood loss, ml (4, 5, 11, 16, 26, 27, 30)
	893
	7 (0)
	378
	515
	–12.23 (–29.35 to 4.90)
	0.16
	89
	<0.001

	Intra-abdominal abscess (5, 16, 29)
	460
	3 (0)
	230
	230
	1.34 (0.30 to 6.05)
	0.70
	0
	0.47

	Total perioperative complications (4, 5, 9-11, 16, 24-29)
	1317
	12 (1)
	609
	708
	0.56 (0.41 to 0.75)
	<0.001
	15
	0.30

	Other outcomes

	Operation time, min (4, 5, 9-12, 16, 26-30)
	1175
	12 (1)
	518
	657
	17.34 (6.14 to 28.54)
	0.002
	81
	<0.001

	Hospital stay, day (4, 5, 9-12, 16, 26-30)
	1175
	12 (1)
	518
	657
	–0.56 (–1.09 to –0.04)
	0.03
	54
	0.01

	Pain score (9, 11, 16, 29, 30)
	455
	5 (0)
	190
	265
	–1.42 (–1.94 to 0.90)
	<0.001
	85
	<0.001

	Time to first flatus, day (11, 16, 26, 27, 29)
	615
	5 (0)
	262
	353
	–0.57 (–0.70 to –0.44)
	<0.001
	0
	0.48

	NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; HR, hazard ratio; OR, odds ratio; WMD, weighted mean difference; 95%CI; 95% confidence interval; 
DFS, disease-free survival.





	[bookmark: _Hlk9784665]TABLE 4 | Meta-analysis of endpoints for cancers. 

	Endpoints (ref)
	No. of patients
	No. of trials
(No. of RCTs)
	NOSE
	CL
	HR/OR/WMD (95%CI)
	P value
	I2 (%)
	P value for heterogeneity

	Five-year DFS (5, 25)
	496
	2 (0)
	260
	236
	0.84 (0.54 to 1.31)
	0.45
	0
	0.83

	Lymph node harvest (4, 11, 16, 29, 30)
	499
	5 (0)
	193
	306
	–1.15 (–2.40 to 0.11)
	0.07
	0
	0.75

	Proximal margin, cm (27, 29)
	162
	2 (0)
	81
	81
	1.24 (–1.03 to 3.50)
	0.28
	0
	0.74

	Distal margin, cm (27, 29)
	162
	2 (0)
	81
	81
	–0.48 (–1.21 to 0.25)
	0.20
	0
	0.59

	Surgical site infection (4, 5, 12, 29, 30)
	580
	5 (1)
	267
	313
	0.14 (0.04 to 0.46)
	0.001
	0
	0.98

	Anastomotic leakage (5, 11, 27, 29)
	605
	4 (0)
	284
	321
	0.65 (0.31 to 1.37)
	0.25
	0
	0.88

	Blood loss, ml (4, 5, 11, 16, 27, 30)
	705
	6 (0)
	296
	409
	–12.35 (–32.62 to 7.93)
	0.23
	91
	<0.001

	Total perioperative complications (4, 5, 11, 16, 26, 27, 29)
	993
	7 (0)
	460
	533
	0.52 (0.37 to 0.73)
	<0.001
	0
	0.46

	Operation time, min (4, 5, 11, 12, 16, 27, 29, 30)
	891
	8 (1)
	389
	502
	13.70 (0.97 to 26.43)
	0.03
	83
	<0.001

	Hospital stay, day (4, 5, 11, 12, 16, 27, 29, 30)
	891
	8 (1)
	389
	502
	–0.64 (–1.19 to –0.09)
	0.02
	55
	0.03

	NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; OR, odds ratio; WMD, weighted mean difference; 95%CI; 95% confidence interval; 
Unite; min, minute.





	TABLE 5 | Sensitivity analysis of endpoints of interests. 

	Endpoints (ref)
	No. of patients
	No. of trials
	NOSE
	CL
	OR or WMD (95%CI)
	P value
	I2 (%)
	P value for heterogeneity

	Lymph node harvest

	All included trails (4, 10, 11, 16, 26, 29, 30)
	727
	7
	295
	432
	–0.97 (–1.97 to 0.03)
	0.06
	0
	0.76

	[bookmark: _Hlk9762116]BMI ≤ 30 (kg/m2) (4, 11, 16, 26, 29, 30)
	687
	6
	275
	412
	–0.87 (–1.89 to 0.16)
	0.10
	0
	0.77

	[bookmark: _Hlk9762136]Sample number > 30 (11, 16, 26, 29)
	569
	4
	239
	330
	–0.59 (–1.99 to 0.80)
	0.41
	0
	0.64

	[bookmark: _Hlk9762151]Non-RCT (NOS ≥ 6) (4, 10, 11, 16, 26, 29)
	679
	6
	279
	400
	–0.71 (–1.98 to 0.56)
	0.27
	0
	0.71

	[bookmark: _Hlk9762188]Prospective trials (16, 29, 30)
	232
	3
	108
	124
	–1.11 (–2.59 to 0.38)
	0.14
	0
	0.53

	Total perioperative complications 

	All included trails (4, 5, 9-11, 16, 24-29)
	1317
	12
	609
	708
	0.56 (0.41 to 0.75)
	<0.001
	15
	0.30

	BMI ≤ 30 (kg/m2) (4, 5, 11, 16, 24, 26, 27, 29)
	1001
	8
	440
	561
	0.50 (0.34 to 0.74)
	<0.001
	0
	0.52

	Sample number > 30 (5, 11, 16, 25, 26, 29)
	1065
	6
	499
	566
	0.57 (0.41 to 0.79)
	<0.001
	0
	0.59

	Non-RCT (NOS ≥ 6) (4, 5, 9-11, 16, 25, 26, 28, 29)
	1231
	10
	566
	665
	0.57 (0.42 to 0.78)
	<0.001
	11
	0.34

	Prospective trials (5, 9, 16, 24, 29)
	526
	5
	267
	259
	0.58 (0.36 to 0.93)
	0.03
	0
	0.41

	Anastomotic leakage

	All included trails (5, 9, 11, 26, 27, 29)
	819
	6
	383
	436
	0.71 (0.36 to 1.38)
	0.31
	0
	0.96

	BMI ≤ 30 (kg/m2) (5, 11, 26, 27, 29)
	793
	5
	366
	427
	0.68 (0.34 to 1.34)
	0.26
	0
	0.95

	Sample number > 30 (5, 11, 26, 29)
	747
	4
	343
	404
	0.70 (0.35 to 1.42)
	0.33
	0
	0.92

	Non-RCT (NOS ≥ 6) (5, 9, 11, 26, 29)
	773
	5
	360
	413
	0.73 (0.37 to 1.46)
	0.38
	0
	0.94

	Prospective trials (5, 29)
	392
	2
	196
	196
	0.75 (0.31 to 1.78)
	0.51
	0
	0.60

	Surgical site infection

	All included trails (4, 5, 10, 12, 26, 29, 30)
	808
	7
	369
	439
	0.15 (0.05 to 0.42)
	<0.001
	0
	0.99

	BMI ≤ 30 (kg/m2) (4, 5, 12, 26, 29, 30)
	768
	6
	349
	419
	0.14 (0.04 to 0.42)
	<0.001
	0
	0.99

	Sample number > 30 (5, 12, 26, 29)
	650
	4
	313
	337
	0.12 (0.03 to 0.45)
	0.002
	0
	1.00

	Non-RCT (NOS ≥ 6) (4, 5, 10, 26, 29)
	690
	5
	318
	372
	0.14 (0.04 to 0.47)
	0.001
	0
	0.99

	Prospective trials (5, 12, 29, 30)
	510
	4
	247
	263
	0.14 (0.04 to 0.53)
	0.004
	0
	0.93

	Operation time

	All included trails (4, 5, 9-12, 16, 26-30)
	1175
	12
	518
	657
	17.34 (6.14 to 28.54)
	0.002
	81
	<0.001

	BMI ≤ 30 (kg/m2) (4, 5, 11, 12, 16, 26, 27, 29, 30)
	1079
	9
	471
	608
	13.17 (1.86 to 24.47)
	0.02
	80
	<0.001

	Sample number > 30 (5, 11, 12, 16, 26, 29)
	915
	6
	412
	503
	11.08 (0.46 to 21.70)
	0.04
	72
	0.003

	Non-RCT (NOS ≥ 6) (4, 5, 9-11, 16, 26, 28, 29)
	1011
	9
	444
	567
	14.84 (1.04 to 28.63)
	0.03
	81
	<0.001

	Prospective trials (5, 9, 12, 16, 29, 30)
	604
	6
	298
	306
	17.36 (11.43 to 23.28)
	<0.001
	0
	0.65

	Hospital stay

	[bookmark: _GoBack]All included trails (4, 5, 9-12, 16, 26-30)
	1175
	12
	518
	657
	–0.56 (–1.09 to –0.04)
	0.03
	54
	0.01

	BMI ≤ 30 (kg/m2) (4, 5, 11, 12, 16, 26, 27, 29, 30)
	1079
	9
	471
	608
	–0.71 (–1.19 to –0.23)
	0.004
	51
	0.04

	Sample number > 30 (5, 11, 12, 16, 26, 29)
	915
	6
	412
	503
	–0.84 (–1.16 to –0.53)
	<0.001
	43
	0.12

	Non-RCT (NOS ≥ 6) (4, 5, 9-11, 16, 26, 28, 29)
	1011
	9
	444
	567
	–0.88 (–1.21 to –0.56)
	<0.001
	41
	0.09

	Prospective trials (5, 9, 12, 16, 29, 30)
	604
	6
	298
	306
	–0.57 (–1.35 to 0.20)
	0.15
	62
	0.02

	NOSE, natural orifice specimen extraction; CL, conventional laparoscopic surgery; OR, odds ratio; WMD, weighted mean difference; 95%CI; 95% confidence interval; BMI, body mass index;




