
Vol:.(1234567890)

Surgical Endoscopy (2022) 36:3122–3135
https://doi.org/10.1007/s00464-021-08615-7

1 3

Long‑term oncologic outcomes of transanal TME compared 
with transabdominal TME for rectal cancer: a systematic review 
and meta‑analysis

Jae Young Moon1 · Min Ro Lee1 · Gi Won Ha1 

Received: 6 October 2020 / Accepted: 14 June 2021 / Published online: 24 June 2021 
© The Author(s) 2021

Abstract
Background  Transanal total mesorectal excision (TaTME) appears to have favorable surgical and pathological outcomes. 
However, the evidence on survival outcomes remains unclear. We performed a meta-analysis to compare long-term oncologic 
outcomes of TaTME with transabdominal TME for rectal cancer.
Methods  PubMed, EMBASE, and the Cochrane Library were searched. Data were pooled, and overall effect size was cal-
culated using random-effects models. Outcome measures were overall survival (OS), disease-free survival (DFS), and local 
and distant recurrence.
Results  We included 11 nonrandomized studies that examined 2,143 patients for the meta-analysis. There were no signifi-
cant differences between the two groups in OS, DFS, and local and distant recurrence with a RR of 0.65 (95% CI 0.39–1.09, 
I2 = 0%), 0.79 (95% CI 0.57–1.10, I2 = 0%), 1.14 (95% CI 0.44–2.91, I2 = 66%), and 0.75 (95% CI 0.40–1.41, I2 = 0%), 
respectively.
Conclusion  In terms of long-term oncologic outcomes, TaTME may be an alternative to transabdominal TME in patients 
with rectal cancer. Well-designed randomized trials are warranted to further verify these results.

Keywords  Rectal cancer · Transanal TME · Transabdominal TME · Prognosis · Survival

Total mesorectal excision (TME) has been considered the 
standard surgical procedure for patients with rectal can-
cer since it was first described in 1982 by Heald [1]. This 
procedure was initially performed with an open abdominal 
approach, and laparoscopic TME has been recently sug-
gested as an alternative to open TME [2–4]. However, the 
surgical technique is complex and requires extensive experi-
ence to safely perform for high-quality surgical resection and 
good oncologic outcomes, particularly in patients with lower 
rectal cancer. With recent advances in minimally invasive 
surgery, a transanal and laparoscopic combined approach 
was introduced as transanal TME (TaTME), and this was 
proposed as a possibility for overcoming the technical dif-
ficulties of transabdominal TME [5]. Although a majority 

of rectal cancers can be safely operated on with the transab-
dominal approach, difficult anatomical conditions, unfavora-
ble tumor characteristics, or a combination of these factors 
can lead to difficulties. Narrow pelvis, fatty mesorectum, 
male sex, high BMI, and anterior-located large tumor are 
risk factors for noncurative resection [6]. The transanal 
approach may provide better access and visualization of the 
distal part of the rectum.

Many studies, including a meta-analysis, have reported 
favorable results in terms of perioperative, pathological, 
and functional outcomes in patients receiving TaTME for 
rectal cancer. The above-mentioned risk factors, in com-
bination with the difficulty of perpendicular division of 
the rectum, seem to be related to circumferential resection 
margin (CRM) involvement, incompleteness of TME, and 
anastomotic leakage, which are considered to have nega-
tive oncologic impacts [7–13]. However, despite favorable 
results for CRM involvement, incompleteness of TME, 
and anastomotic leakage in TaTME, there is still a lack of 
evidence on long-term oncologic outcomes to support its 
widespread introduction. Therefore, our aim was to conduct 
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a systematic review and meta-analysis to evaluate survival 
outcomes such as 2-year or 3-year survivals, or if possible 
5-year survivals, and recurrence rates of TaTME in compari-
son with transabdominal TME in patients with rectal cancer. 
Evaluated outcomes were overall survival (OS), disease-free 
survival (DFS), and local and distant recurrence.

Methods

This meta-analysis followed the recommendations of the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [14]. Multiple comprehen-
sive databases were searched for studies that assessed the 
long-term oncologic outcomes of TaTME compared with 
transabdominal TME for rectal cancer. The study protocol 
used Cochrane Review Methods [15]. IRB approval was not 
needed for this article.

Data and literature sources

Studies were identified from PubMed (January 1, 1976 
to April 7, 2020), EMBASE (January 1, 1985 to April 7, 
2020), and the Cochrane Central Register of Controlled Tri-
als (CENTRAL) (January 1, 1987 to April 7, 2020). There 
were no restrictions regarding the year of publication, and 
articles in any language were permitted for review. The 
search terms were "rectal cancer," "transanal TME," "recur-
rence," "prognosis," and "survival." After the preliminary 
electronic search, further articles were searched for manu-
ally to retrieve additional studies. Finally, all articles were 
assessed individually for inclusion.

Study selection and data extraction

Article titles and abstracts were screened and full texts were 
independently reviewed by two reviewers (JY Moon and GW 
Ha) according to the selection criteria. Any differences in 
judgment regarding inclusion were resolved through discus-
sion between the reviewers.

The included studies assessed survival outcomes, includ-
ing OS, DFS, local recurrence, and distant recurrence, in 
patients with rectal cancer who were treated with TaTME 
or transabdominal TME. All of the surgical modalities such 
as open, laparoscopic, and robotic surgery were included in 
both TME approaches if possible. Studies were excluded if 
they (i) did not compare TaTME with transabdominal TME; 
(ii) assessed patients with stage IV or recurred rectal cancer; 
(iii) assessed only patients who received abdominoperineal 

resection; (iv) had no extractable data and authors were una-
vailable to provide additional information; or (v) were case 
series with fewer than 10 patients.

All eligible studies were reviewed and all relevant data 
were extracted by the two reviewers independently using a 
data extraction form designed before the review. The vari-
ables recorded were (i) standard publication information, 
including year of publication, name of the first author, and 
number of patients; (ii) clinical and demographic character-
istics of included studies; and (iii) outcomes (OS, DFS, local 
recurrence, and distant recurrence).

Assessment of methodological quality

The methodological quality of the studies included in the 
meta-analysis was assessed using the Newcastle–Ottawa 
quality scale (NOS), which attributes a maximum of 9 points 
to each study and categorizes a study with a score of 6 or 
more as “high quality” [16]. The quality of the included 
studies was analyzed using 3 categories: patient selection, 
comparability, and outcome assessment.

Statistical analysis

For dichotomous outcomes, relative risk (RR), variance, and 
95% confidence interval (CI) were determined in the meta-
analysis. The presence and amount of heterogeneity were 
assessed using the Q test and I2 index, respectively; a p-value 
less than 0.1 was considered statistically significant [17]. 
The DerSimonian-Laird random-effects model (REM) was 
used to pool data in light of cross-study heterogeneity [18].

First, we performed a meta-analysis to evaluate survival 
outcomes such as OS, DFS, and local and distant recur-
rence of TaTME in comparison with transabdominal TME 
in patients with rectal cancer. Second, we performed a meta-
analysis to compare CRM involvement, incompleteness of 
TME, and anastomotic leakage between the two groups. 
Sensitivity analyses were performed to assess the robust-
ness of the meta-analysis findings [19, 20]. First, studies 
with a higher rate of CRM involvement in the transabdomi-
nal TME group than in the TaTME group were analyzed. 
Second, studies with a higher rate of incomplete TME in 
the transabdominal TME group than in the TaTME group 
were analyzed. Third, studies with a higher rate of anasto-
motic leakage in the transabdominal TME group than in 
the TaTME group were analyzed. Fourth, studies with large 
outlying effects or studies with a score less than 6 in the 
NOS scale, indicating low quality, were excluded. Fifth, the 
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trim-and-fill method and analysis with an alternative effect 
size were performed.

Funnel plots were used to determine the presence of pub-
lication bias by visual inspection of funnel plots and the 
Egger-weighted linear regression test; a p-value less than 
0.1 was considered statistically significant [21, 22]. Data 
analyses were performed using Review Manager software 
(version 5.4) from the Cochrane Collaboration and Compre-
hensive Meta-Analysis software (version 3).

Results

Description of studies

The predefined search strategy identified 1,831 poten-
tially relevant articles. We excluded 451 articles because 
they were duplicates and 1,365 articles because their 
titles and abstracts did not fulfill the selection criteria. 
After full text review of the remaining 15 articles, we 
excluded 4 articles because of the exclusion criteria of 

this study. Therefore, we included 11 nonrandomized 
studies that examined 2,143 patients for qualitative analy-
sis and meta-analysis (Fig. 1). Among included patients, 
529 patients received TaTME. Six studies evaluated OS 
and DFS [23–28], 11 studies evaluated local recurrence 
[23–33], and five studies evaluated distant recurrence 
[23, 26, 30–32]. Most of the included studies evaluated 
patients who underwent laparoscopic TaTME, while one 
study evaluated patients who underwent open TaTME 
[24]. Most of the included studies evaluated patients 
who underwent transabdominal TME with the laparo-
scopic approach only; two studies included patients who 
underwent transabdominal TME with laparoscopic or 
open approaches [24, 33], and one study included patients 
who underwent transabdominal TME with a robotic TME 
approach [30]. Evaluation of methodological quality 
showed that all studies scored at least 6 points (≥6) on the 
NOS scale. Tables 1 and 2 summarize the characteristics 
of the included studies.

Long‑term oncologic outcomes of TaTME compared 
with transabdominal TME

Analysis of oncologic outcomes for TaTME in patients 
with rectal cancer indicated that 6 studies (604 patients) 
reported data on OS; there were no significant survival dif-
ferences between TaTME and transabdominal TME (risk 
ratio [RR] = 0.65, 95% confidence interval [CI] = 0.39–1.09, 
I2 = 0%) (Fig. 2). Six studies (604 patients) reported data 
on DFS; there were no significant survival differences 
between the two groups (RR = 0.79, 95% CI = 0.57–1.10, 
I2 = 0%) (Fig. 3). Eleven studies (2,143 patients) reported 
data on local recurrence; there were no significant differ-
ences between two groups (RR = 1.14, 95% CI = 0.44–2.91, 
I2 = 66%) (Fig.  4). Five studies (329 patients) reported 
data on distant recurrence; there were no significant differ-
ences between two groups (RR = 0.75, 95% CI = 0.40–1.41, 
I2 = 0%) (Fig. 5). Sensitivity analyses using predefined meth-
ods indicated that the results of these meta-analyses were 
robust.

Analyses of CRM involvement, incompleteness 
of TME, and anastomotic leakage

Comparing CRM involvement between the two groups, 
the TaTME group was associated with better outcomes, 
with a RR of 0.44 (95% CI 0.27–0.87, I2 = 0%) (Fig. 6a). 
Analysis to compare incompleteness of TME showed no 
significant differences between TaTME and transabdomi-
nal TME groups, with a RR of 0.88 (95% CI 0.50–1.55, 
I2 = 0%) (Fig. 6b). Analysis to compare anastomotic leakage 

Fig. 1   PRISMA flow diagram



3125Surgical Endoscopy (2022) 36:3122–3135	

1 3

Ta
bl

e 
1  

S
um

m
ar

y 
of

 th
e 

in
cl

ud
ed

 st
ud

ie
s

St
ud

y
D

es
ig

n
C

ou
nt

ry
Pe

rio
d

N
um

be
r

A
ge

G
en

de
r (

M
/F

), 
n

B
M

I (
kg

/m
2)

A
SA

 sc
or

e
In

cl
us

io
n 

cr
ite

ria
Ex

cl
us

io
n 

cr
ite

ria
Su

rg
ic

al
 

m
et

ho
d

Fo
llo

w
 u

p 
(m

on
th

s)
O

nc
ol

og
ic

 
ou

tc
om

es
N

O
S

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E

D
e’A

ng
el

is
 

(2
01

5)
 

[2
2]

Re
tro

Fr
an

ce
20

11
–

20
14

32
32

64
.9

1a
67

.1
6a

21
/1

1
21

/1
1

25
.1

9a
24

.5
3a

I +
 II

:9
6.

9%
III

 +
 IV

:3
.1

%
I +

 II
:9

6.
9%

III
 +

 IV
:3

.1
%

U
p 

to
 5

 c
m

 fr
om

 
th

e 
AV

N
R

Ta
TM

E,
 L

ap
 

TM
E

32
.0

6/
 6

2.
91

a
LR

, D
R

, 
2-

yr
 O

S,
 

D
FS

7

M
ar

ks
 (2

01
6)

 
[2

8]
Re

tro
U

SA
20

12
–

20
14

17
17

59
a

60
a

N
R

26
.4

a
25

.9
a

N
R

Tu
m

or
s i

n 
th

e 
di

st
al

 4
 c

m
 

re
ct

um
 to

 th
e 

A
R

R
​

N
R

Ta
TM

E,
 L

ap
 

TM
E

19
.5

/ 4
2.

3a
LR

6

Le
lo

ng
 

(2
01

7)
 

[2
4]

Re
tro

Fr
an

ce
20

08
–

20
13

34
38

N
R

23
/1

1
22

/1
6

24
 (1

8.
6–

45
)b

24
.2

 (1
7.

7–
32

.7
)b

I:1
7.

6%
II

:7
0.

6%
II

I:1
1.

8%

I:2
3.

7%
II

:7
1%

II
I:5

.3
%

So
m

e 
re

se
ct

ab
le

 
m

et
s w

er
e 

in
cl

ud
ed

T4
 tu

m
or

s, 
no

nr
es

ec
t-

ab
le

 m
et

s, 
pe

rit
on

ea
l 

ca
rc

in
os

is

Ta
TM

E,
 L

ap
 

TM
E

31
.9

 (2
9.

3–
42

) /
 

53
.3

 (8
–9

5)
b

LR
, 2

-y
r 

O
S,

 
D

FS

7

X
u 

(2
01

7)
 

[2
3]

Re
tro

C
hi

na
20

06
–

20
15

74
41

59
 ±

 12
.6

a
62

.4
 ±

 11
.2

a
11

5/
0

25
 ±

 2.
8

24
.8

 ±
 2.

3
I:1

0.
8%

II
:5

8.
1%

II
I:3

1.
1%

I:1
4.

6%
II

:5
8.

5%
II

I:2
6.

8%

Tu
m

or
 ≤

 5 
cm

 
fro

m
 th

e 
AV

, 
no

 d
ist

an
t 

m
et

s, 
tu

m
or

 
vo

lu
m

e ≥
 4 

cm

Tu
m

or
 in

va
-

si
on

 in
 th

e 
ex

te
rn

al
 

sp
hi

nc
te

r, 
pe

lv
ic

 fl
oo

r 
m

us
cl

es

Ta
TM

E*
, L

ap
 

or
 op

en
 

TM
E

46
.1

 ±
 25

.6
a

LR
, 5

-y
r 

O
S,

 
D

FS

8

D
en

os
t 

(2
01

8)
 

[2
5]

Pr
os

Fr
an

ce
20

08
–

20
12

50
50

64
 (3

9–
82

)b
63

 (3
1–

90
)b

37
/1

3
32

/1
8

25
.1

 (1
7.

3–
33

.2
-)

b
25

.6
 (1

8.
3–

38
.3

)b
I:6

8%
II

:3
0:

%
II

I:2
%

I:6
0%

II
:3

8%
II

I:2
%

Lo
w

 re
ct

al
 c

an
-

ce
r s

ui
ta

bl
e 

fo
r s

ph
in

ct
er

-
pr

es
er

vi
ng

 
su

rg
er

y 
w

ith
 

ha
nd

-s
ew

n 
co

lo
an

al
 

an
as

to
m

os
is

H
ig

h 
an

d 
m

id
 re

ct
al

 
ca

nc
er

, 
st

ap
le

d 
an

as
to

m
o-

si
s, 

A
PR

, 
op

en
 su

r-
ge

ry
, l

oc
al

 
ex

ci
si

on

Ta
TM

E,
 L

ap
 

TM
E

61
.3

 (2
–8

8.
2)

 / 
55

.4
 (1

–9
2.

2)
bLR

, D
R

, 
5-

yr
 O

S,
 

D
FS

9

Le
e 

(2
01

8)
 

[2
9]

Re
tro

K
or

ea
20

13
–

20
14

21
24

 <
 60

: 1
0/

18
 ≥

 60
: 1

1/
6*

*
16

/5
13

/1
1

24
.4

 ±
 3.

44
a

23
.6

 ±
 3.

0a
I:3

8.
1%

II
:5

7.
1%

II
I:4

.8
%

I:2
9.

2%
II

:6
6.

7%
II

I:4
.1

%

Re
ct

al
 a

de
no

-
ca

rc
in

om
a,

 
re

sto
ra

tiv
e 

pr
oc

te
ct

om
y

St
ag

e 
IV

Ta
TM

E,
 

Ro
bo

tic
 

TM
E

20
.1

/2
2.

0b
LR

, D
R

6

M
eg

e 
(2

01
8)

 
[3

0]
Re

tro
Fr

an
ce

20
15

–
20

17
34

34
58

 ±
 14

a
59

 ±
 13

a
23

/1
1

23
/1

1
25

 ±
 4a

25
 ±

 3a
I:1

2%
II

:8
5%

II
I:3

%

I:2
7%

II
:6

8%
II

I:6
%

Lo
w

er
 re

ct
al

 
ca

nc
er

M
id

 o
r h

ig
h 

re
ct

al
 c

an
-

ce
r, 

A
PR

Ta
TM

E,
 L

ap
 

TM
E

13
 ±

 6/
 2

5 ±
 14

a
LR

, D
R

7

C
he

n 
P 

(2
01

9)
 

[2
7]

Re
tro

Ta
iw

an
20

13
–

20
15

50
10

0
57

.3
 ±

 11
.9

a
58

.3
 ±

 11
.3

a
38

/1
2

76
/2

4
24

.2
 ±

 3.
7a

24
.6

 ±
 3.

1a
I/I

I:6
6%

II
I:3

4%
I/I

I:6
9%

II
I:3

1%
St

ag
e 

II
–I

II
, 

M
id

 o
r l

ow
er

 
re

ct
al

 a
de

no
-

ca
rc

in
om

a,
 

re
ce

iv
ed

 
nC

RT
​

St
ag

e 
IV

Ta
TM

E,
 L

ap
 

TM
E

44
.3

 ±
 10

.5
/ 

84
.5

 ±
 41

.6
a

LR
, 3

-y
r 

O
S,

 
D

FS

7



3126	 Surgical Endoscopy (2022) 36:3122–3135

1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

St
ud

y
D

es
ig

n
C

ou
nt

ry
Pe

rio
d

N
um

be
r

A
ge

G
en

de
r (

M
/F

), 
n

B
M

I (
kg

/m
2)

A
SA

 sc
or

e
In

cl
us

io
n 

cr
ite

ria
Ex

cl
us

io
n 

cr
ite

ria
Su

rg
ic

al
 

m
et

ho
d

Fo
llo

w
 u

p 
(m

on
th

s)
O

nc
ol

og
ic

 
ou

tc
om

es
N

O
S

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E

C
he

n 
Y

T 
(2

01
9)

 
[2

6]

Re
tro

Ta
iw

an
20

08
–

20
18

39
64

62
 ±

 14
.9

a
64

 ±
 12

.2
a

29
/1

0
42

/2
2

25
.4

 ±
 4a

24
.6

 ±
 3.

3a
I:1

2.
8%

II
:7

1.
8%

II
I:1

5.
4%

I:7
.8

%
II

:8
2.

8%
II

I:9
.4

%

Re
ct

al
 a

de
no

ca
r-

ci
no

m
a 

7 
cm

 
fro

m
 th

e 
AV

, 
st

ag
e 

I–
II

I

C
an

ce
r p

er
-

fo
ra

tio
n,

 
T4

, S
ta

ge
 

IV
, A

PR

Ta
TM

E,
 L

ap
 

TM
E

17
.5

 ±
 8.

8/
 

37
.5

 ±
 23

.7
a

LR
, 2

-y
r 

D
FS

, 
O

S

6

G
or

de
ye

v 
(2

01
9)

 
[3

1]

Re
tro

Ru
ss

ia
20

13
–

20
17

26
26

56
.5

 (2
5–

68
)b 63

 (3
8–

78
)b

26
/0

26
/0

28
.3

 (2
5.

4–
36

.4
)b

29
.2

 (2
5.

2–
35

.1
)b

N
R

Re
cta

l c
an

ce
r 

cT
1-

4a
N

0-
2M

0,
 

co
m

bi
na

tio
n o

f 
m

ale
 ge

nd
er,

 
BM

I(≥
 25

 m
g/

m
2)

, C
RT

​

Sy
nc

hr
o-

no
us

 o
r 

m
et

ac
hr

o-
no

us
 

tu
m

or
s, 

EC
O

G
 >

 1,
 

pa
rti

al
 

TM
E

Ta
TM

E,
 L

ap
 

TM
E

28
.2

b
LR

, D
R

6

W
as

m
ut

h 
(2

02
0)

 
[3

2]

Pr
os

N
or

w
ay

20
14

–
20

18
15

2
11

88
N

R
10

9/
48

N
R

N
R

N
R

Re
ct

al
 c

an
ce

r
St

ag
e 

IV
Ta

TM
E,

 L
ap

 
or

 o
pe

n 
TM

E

19
.5

 (0
–5

1)
 b

LR
6

Re
tro

 R
et

ro
sp

ec
tiv

e 
ob

se
rv

at
io

na
l s

tu
dy

, P
ro

s 
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l s

tu
dy

, T
aT

M
E 

Tr
an

sa
na

l t
ot

al
 m

es
or

ec
ta

l e
xc

is
io

n,
 A

SA
 A

m
er

ic
an

 s
oc

ie
ty

 o
f a

ne
st

he
si

ol
og

ist
s, 

AR
R​ 

an
or

ec
ta

l r
in

g,
 A

V 
an

al
 v

er
ge

, n
C

RT
​ n

eo
ad

ju
va

nt
 c

he
m

or
ad

io
th

er
ap

y,
 T

AT
A​ 

Tr
an

sa
na

l a
bd

om
in

al
 tr

an
sa

na
l, 

N
O

S 
N

ew
ca

stl
e–

O
tta

w
a 

sc
al

e,
 N

R 
no

t r
ep

or
te

d
a  M

ea
n

b  M
ed

ia
n

*  Ta
TM

E 
w

as
 p

er
fo

rm
ed

 in
 a

n 
op

en
 fa

sh
io

n
**

 N
um

be
r o

f p
at

ie
nt

s



3127Surgical Endoscopy (2022) 36:3122–3135	

1 3

Ta
bl

e 
2  

C
lin

ic
al

 c
ha

ra
ct

er
ist

ic
s o

f t
he

 in
cl

ud
ed

 st
ud

ie
s

St
ud

y
Pa

th
ol

og
ic

al
 S

ta
ge

Tu
m

or
 lo

ca
tio

n 
fro

m
 

AV
 (c

m
)

nC
RT

 
re

ce
iv

ed
 (%

)
RT

, 
cG

y
C

on
cu

r-
re

nt
 

C
he

m
o 

ag
en

t

In
te

rv
al

 to
 

su
rg

er
y

C
R

M
 p

os
iti

ve
, m

ea
n 

C
R

M
 (m

m
)

D
R

M
 p

os
iti

ve
, m

ea
n 

D
R

M
 (m

m
)

In
co

m
pl

et
en

es
s o

f 
TM

E
LN

 h
ar

ve
st,

 n
A

na
sto

m
os

is
 ty

pe
, 

A
na

sto
m

ot
ic

 le
ak

s
M

or
ta

lit
y

A
dj

C
tx

Re
cu

r-
re

nc
e

Su
rv

iv
al

 
ra

te

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

D
e’A

ng
el

is
 

(2
01

5)
 

[2
2]

C
R

:1
2.

5%
T1

:9
.4

%
T2

:3
7.

5%
T3

:3
4.

4%
T4

:6
.2

%
N

0:
84

.4
%

N
1:

15
.6

%

C
R

:1
8.

8%
T1

:6
.2

%
T2

:2
8.

1%
T3

:4
0.

6%
T4

:6
.2

%
N

0:
78

.1
%

N
1:

18
.8

%
N

2:
3.

1%

4 
(2

.5
–5

)b
3.

7 
(2

.5
–

5)
 b

84
.4

71
.9

45
00

–
50

40
5F

U
6–

8 
w

ee
ks

3.
1%

,
9.

68
9.

4%
,

9.
19

6.
2%

,
21

.3
2

0%
,

22
.9

2
C

om
-

pl
et

e:
 

84
.4

%
N

ea
rly

 
co

m
-

pl
et

e:
 

9.
4%

In
co

m
-

pl
et

e:
 

6.
2%

C
om

-
pl

et
e:

 
75

%
N

ea
rly

 
co

m
-

pl
et

e:
 

12
.5

%
In

co
m

-
pl

et
e:

 
12

.5
%

17
a

19
a

H
an

d-
se

w
n,

A
L 12

.5
%

H
an

d-
se

w
n,

A
L 21

.9
%

0%
N

R
LR

 3
.1

%
 

vs
 

6.
3%

,
D

R
 3

.1
%

 
vs

 
6.

3%

O
S 

95
.5

%
 

vs
 

96
.6

%
,

D
FS

 
90

.5
%

 
vs

 
85

.2
%

M
ar

ks
 

(2
01

6)
 

[2
8]

uT
2:

29
.4

%
uT

3:
70

.6
%

uT
2:

23
.5

%
uT

3:
76

.5
%

0.
9 

(-
2.

0–
3.

0)
*

0.
8 

(-
1.

5–
4.

0)
*

10
0

53
26

/
54

12
a

5F
U

/
X

el
od

a
N

R
0%

,
N

R
5.

9%
,

N
R

0%
,

N
R

0%
,

N
R

C
om

-
pl

et
e:

 
88

.2
%

N
ea

rly
 

co
m

-
pl

et
e:

 
11

.8
%

C
om

-
pl

et
e:

 
88

.2
%

N
ea

rly
 

co
m

-
pl

et
e:

 
5.

9%
In

co
m

-
pl

et
e:

 
5.

9%

7.
5a

8.
5a

H
an

d-
se

w
n,

A
L 

0%

N
R

N
R

N
R

LR
 5

.9
%

 
vs

 0
%

N
R

Le
lo

ng
 

(2
01

7)
 

[2
4]

C
R

:2
0.

6%
T1

:1
8.

8%
T2

:2
6.

5%
T3

:4
4.

1%
N

0:
73

.5
%

N
1:

20
.6

%
N

2:
5.

9%

C
R

:3
1.

6%
T1

:1
3.

2%
T2

:2
6.

3%
T3

:2
6.

3%
T4

:2
.6

%
N

0:
86

.8
%

N
1:

13
.2

%

N
R

88
.2

92
.1

45
00

–
50

00
X

el
od

a
N

R
5.

9%
,

1–
2:

 2
0.

6%
 >

 2:
 7

3.
5%

10
.5

%
,

1–
2:

 7
.9

%
 >

 2:
 8

1.
6%

0%
,

N
R

2.
6%

,
N

R
C

om
-

pl
et

e:
 

55
.9

%
N

ea
rly

 
co

m
-

pl
et

e:
 

44
.1

%

C
om

-
pl

et
e:

 
52

.6
%

N
ea

rly
 

co
m

-
pl

et
e:

 
42

.1
%

In
co

m
-

pl
et

e:
 

5.
3%

14
 (6

–3
4)

 b
12

 (4
–2

5)
 b

H
an

d-
se

w
n,

A
L 

5.
9%

H
an

d-
se

w
n,

A
L 15

.8
%

N
R

N
R

LR
 5

.7
%

 
vs

 
5.

3%

O
S 

10
0%

 
vs

 9
5%

, 
D

FS
 

86
%

 v
s 

88
%

X
u 

(2
01

7)
 

[2
3]

T1
:5

.4
%

T2
:4

0.
5%

T3
:5

4.
1%

I:3
7.

8%
II

:3
9.

2%
II

I:2
3%

T1
:4

.9
%

T2
:2

9.
3%

T3
:6

5.
9%

I:2
9.

3%
II

:3
1.

7%
II

I:3
9%

4 
(1

–5
) b

4 
(0

.5
–5

) b 35
.6

12
.5

45
00

–
50

00
X

el
od

a
6–

8 
w

ee
ks

2.
7%

,
N

R
4.

9%
,

N
R

0%
,

17
.9

 ±
 4.

9a
0%

,
16

.9
 ±

 5.
3a

C
om

-
pl

et
e:

 
90

.5
%

N
ea

rly
 

co
m

-
pl

et
e:

 
9.

5%

C
om

-
pl

et
e:

 
70

.7
%

N
ea

rly
 

co
m

-
pl

et
e:

 
22

%
In

co
m

-
pl

et
e:

 
7.

3%

N
R

H
an

d-
se

w
n,

A
L 

2.
7%

H
an

d-
se

w
n,

A
L 

4.
9%

0%
64

%
 v

s 
55

.2
%

LR
 5

.4
%

 
vs

 
14

.6
%

O
S 

81
%

 
vs

 
75

.5
%

, 
D

FS
 

79
.5

%
 

vs
 

61
.5

%

D
en

os
t 

(2
01

8)
 

[2
5]

T0
–2

:6
0%

T3
–4

:4
0%

N
0:

66
%

N
1–

2:
34

%

T0
–2

:5
6%

T3
–4

:4
4%

N
0:

58
%

N
1–

2:
42

%

4 
(2

–6
)b

4 
(2

–6
)b

80
88

45
00

5F
U

, 
X

el
od

a
6 

w
ee

ks
4%

,
7 

(0
–2

0)
b

18
%

,
5 

(0
–2

0)
b

2%
,

10
 (1

–3
0)

b
8%

,
10

 (0
–3

0)
b

C
om

-
pl

et
e:

 
70

%
N

ea
rly

 
co

m
-

pl
et

e:
 

18
%

In
co

m
-

pl
et

e:
 

12
%

C
om

-
pl

et
e:

 
62

%
N

ea
rly

 
co

m
-

pl
et

e:
 

26
%

In
co

m
-

pl
et

e:
 

12
%

17
 (2

–3
0)

b
17

 (9
–4

0)
b

H
an

d-
se

w
n,

A
L 

2%

H
an

d-
se

w
n,

A
L 

10
%

0%
 v

s 2
%

24
%

 v
s 

38
%

LR
 2

.6
%

 
vs

 
4.

8%
, 

D
R

 
12

%
 

vs
 

20
%

O
S 

87
%

 
vs

 
74

.4
%

,
D

FS
 

73
.9

%
 

vs
 

71
.9

%



3128	 Surgical Endoscopy (2022) 36:3122–3135

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

St
ud

y
Pa

th
ol

og
ic

al
 S

ta
ge

Tu
m

or
 lo

ca
tio

n 
fro

m
 

AV
 (c

m
)

nC
RT

 
re

ce
iv

ed
 (%

)
RT

, 
cG

y
C

on
cu

r-
re

nt
 

C
he

m
o 

ag
en

t

In
te

rv
al

 to
 

su
rg

er
y

C
R

M
 p

os
iti

ve
, m

ea
n 

C
R

M
 (m

m
)

D
R

M
 p

os
iti

ve
, m

ea
n 

D
R

M
 (m

m
)

In
co

m
pl

et
en

es
s o

f 
TM

E
LN

 h
ar

ve
st,

 n
A

na
sto

m
os

is
 ty

pe
, 

A
na

sto
m

ot
ic

 le
ak

s
M

or
ta

lit
y

A
dj

C
tx

Re
cu

r-
re

nc
e

Su
rv

iv
al

 
ra

te

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Le
e 

(2
01

8)
 

[2
9]

T0
:1

9%
T1

:1
9%

T2
:1

9%
T3

:3
8.

1%
T4

:4
.8

%
N

0:
71

.4
%

N
1:

23
.8

%
N

2:
4.

8%
0:

23
.8

%
I:2

3.
8%

II
:2

3.
8%

II
I:2

8.
6%

T0
:8

.3
%

Ti
s:

8.
3%

T1
:1

6.
7%

T2
:3

7.
5%

T3
:2

9.
2%

N
0:

87
.5

%
N

1:
12

.5
%

0:
16

.7
%

I:5
0%

II
:2

0.
8%

II
I:1

2.
5%

6.
1 ±

 1.
63

5.
2 ±

 1.
99

66
.7

50
N

R
N

R
N

R
N

R
,

 >
 10

: 
66

.7
%

5–
10

: 
23

.8
%

1–
5:

 4
.8

%
 ≤

 1:
 4

.8
%

N
R

,
 >

 10
: 

70
.8

%
5–

10
: 

12
.5

%
1–

5:
 8

.3
 ≤

 1:
 8

.3
%

N
R

,
22

 ±
 12

.8
a

N
R

,
19

 ±
 10

.6
a

C
om

-
pl

et
e:

 
90

.5
%

N
ea

rly
 

co
m

-
pl

et
e:

 
9.

5%

C
om

-
pl

et
e:

 
10

0%

N
R

St
ap

le
d 

85
.7

%
, 

H
an

d-
se

w
n 

14
.3

%
A

L 
4.

8%

St
ap

le
d 

62
.5

%
, 

H
an

d-
se

w
n 

37
.5

%
A

L 12
.5

%

0%
N

R
LR

 4
.8

%
 

vs
 

0%
,

D
R

 9
.5

%
 

vs
 

4.
2%

N
R

M
eg

e 
(2

01
8)

 
[3

0]

C
R

:2
9%

Ti
s:

3%
T1

:3
%

T2
:2

4%
T3

:3
8%

T4
:3

%
N

 +
 :4

4%
M

 +
 :9

%
I:2

1%
II

:3
%

II
I:3

8%
IV

:9
%

C
R

:1
5%

Ti
s:

6%
T1

:1
2%

T2
:3

2%
T3

:3
2%

T4
:3

%
N

 +
 :2

6%
M

 +
 :9

%
I:4

7%
II

:9
%

II
I:2

1%
IV

:9
%

1.
3 ±

 1.
1*

2.
2 ±

 1.
7*

85
85

50
00

N
R

10
 w

ee
ks

12
%

,
 <

 1:
 1

2%
15

%
 <

 1:
 6

%
1:

 9
%

3%
,

13
 ±

 9a
3%

,
14

 ±
 12

a
C

om
-

pl
et

e:
 

53
%

N
ea

rly
 

co
m

-
pl

et
e:

 
27

%
In

co
m

-
pl

et
e:

 
21

%

C
om

-
pl

et
e:

 
79

%
N

ea
rly

 
co

m
-

pl
et

e:
 

9%
In

co
m

-
pl

et
e:

 
12

%

14
 ±

 10
a

14
 ±

 8a
H

an
d-

se
w

n,
A

L 
12

%

H
an

d-
se

w
n,

A
L 

15
%

0%
50

%
 v

s 
32

%
LR

 0
%

 
vs

 
0%

,
D

R
15

%
 v

s 
18

%

N
R

C
he

n 
P 

(2
01

9)
 

[2
7]

C
R

:1
6%

I:2
6%

II
:2

4%
II

I:3
4%

C
R

:1
7%

I:2
0%

II
:3

3%
II

I:3
0%

5.
8 ±

 2.
1a

6.
7 ±

 2.
0a

10
0

10
0

50
40

X
el

od
a

6–
10

 w
ee

ks
4%

,
11

.8
 ±

 7.
5a

10
%

,
11

.1
 ±

 7.
7a

N
R

,
2.

4 ±
 1.

2a
N

R
,

1.
5 ±

 0.
9a

N
R

16
.7

 ±
 7.

8a
17

.4
 ±

 8.
9a

St
ap

le
d 

68
%

, 
H

an
d-

se
w

n 
32

%
A

L 
14

%

St
ap

le
d 

67
%

, 
H

an
d-

se
w

n 
33

%
A

L 
9%

N
R

N
R

LR
 7

.5
%

 
vs

 
8.

5%

O
S 

98
%

 
vs

 9
9%

,
D

FS
 8

2%
 

vs
 8

2%

C
he

n 
Y

T 
(2

01
9)

 
[2

6]

C
R

:1
0.

3%
I:4

1%
II

:1
7.

9%
II

I:3
0.

8%

C
R

:6
.3

%
I:3

1.
3%

II
:2

0.
3%

II
I:4

2.
1%

4.
3 ±

 1.
4a

5.
8 ±

 1.
2a

39
48

N
R

N
R

N
R

N
R

,
 <

 1:
 0

%
 ≥

 1:
 1

00
%

N
R

,
 <

 1:
 7

.8
%

 ≥
 1:

 9
2.

2%

N
R

,
16

 ±
 14

a
N

R
,

19
 ±

 13
a

N
R

20
.8

 ±
 9a

18
.8

 ±
 8.

1a
St

ap
le

d 
89

.7
%

, 
H

an
d-

se
w

n 
10

.3
%

A
L 

2.
6%

St
ap

le
d 

10
0%

A
L 

0%

0%
N

R
LR

 0
%

 
vs

 
4.

7%

D
FS

 9
0%

 
vs

 9
1%

,
O

S 
97

%
 

vs
 8

9%



3129Surgical Endoscopy (2022) 36:3122–3135	

1 3

nC
RT

​ n
eo

ad
ju

va
nt

 c
he

m
or

ad
io

th
er

ap
y,

 M
or

ta
lit

y 
30

 d
ay

s m
or

ta
lit

y,
 A

dj
 C

tx
 a

dj
uv

an
t c

he
m

ot
he

ra
py

*  M
ea

n 
di

st
an

t f
ro

m
 th

e 
an

or
ec

ta
l r

in
g

a  M
ea

n
b  M

ed
ia

n

St
ud

y
Pa

th
ol

og
ic

al
 S

ta
ge

Tu
m

or
 lo

ca
tio

n 
fro

m
 

AV
 (c

m
)

nC
RT

 
re

ce
iv

ed
 (%

)
RT

, 
cG

y
C

on
cu

r-
re

nt
 

C
he

m
o 

ag
en

t

In
te

rv
al

 to
 

su
rg

er
y

C
R

M
 p

os
iti

ve
, m

ea
n 

C
R

M
 (m

m
)

D
R

M
 p

os
iti

ve
, m

ea
n 

D
R

M
 (m

m
)

In
co

m
pl

et
en

es
s o

f 
TM

E
LN

 h
ar

ve
st,

 n
A

na
sto

m
os

is
 ty

pe
, 

A
na

sto
m

ot
ic

 le
ak

s
M

or
ta

lit
y

A
dj

C
tx

Re
cu

r-
re

nc
e

Su
rv

iv
al

 
ra

te

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

Ta
TM

E
TM

E
Ta

TM
E

TM
E

G
or

de
ye

v 
(2

01
9)

 
[3

1]

T0
:2

3.
1%

T1
– 2:

26
.9

%
T3

:4
6.

2%
T4

a:
3.

8%
N

 +
 :5

0%

T0
:1

9.
2%

T1
–2

:2
3%

T3
:5

3.
9%

T4
a:

3.
8%

N
 +

 :3
8.

5%

7 
(4

–9
)b

7 
(4

–1
1)

b
10

0
10

0
N

R
N

R
N

R
7.

7%
,

N
R

11
.5

%
,

N
R

N
R

,
30

 (7
–6

0)
b

N
R

,
25

 (9
–7

0)
b

C
om

-
pl

et
e/

N
ea

rly
 

co
m

-
pl

et
e:

 
84

.6
%

In
co

m
-

pl
et

e:
 

15
.4

%

C
om

-
pl

et
e/

N
ea

rly
 

co
m

-
pl

et
e:

 
84

.6
%

In
co

m
-

pl
et

e:
 

15
.4

%

12
 (5

–6
0)

b
16

 (2
–5

4)
b

St
ap

le
d 

84
%

, 
H

an
d-

se
w

n 
16

%
A

L 11
.5

%

St
ap

le
d 

68
%

, 
H

an
d-

se
w

n 
32

%
A

L 11
.5

%

0%
vs

3.
8%

N
R

LR
 3

.8
%

 
vs

 
0%

,
D

R
 3

.8
%

 
vs

 
3.

8%

N
R

W
as

m
ut

h 
(2

02
0)

 
[3

2]

T0
:5

.1
%

T1
:1

7.
2%

T2
:3

6.
3%

T3
:3

6.
3%

T4
:5

.1
%

N
0:

68
.8

%
N

1:
18

.5
%

N
2:

12
.7

%

T0
:6

%
T1

:8
.3

%
T2

:3
3.

1%
T3

:4
8.

7%
T4

:3
.7

%
N

0:
66

.5
%

N
1:

23
.4

%
N

2:
10

%

8 
(2

–1
3)

b
N

R
21

39
N

R
N

R
N

R
5.

1%
,

N
R

N
R

7.
6%

,
N

R
N

R
N

R
N

R
N

R
,

A
L 

8.
4%

N
R

,
A

L 
4.

5%
3.

2%
 v

s 
1.

3%
N

R
LR

 11
.6

%
 

vs
 

2.
4%

N
R

Ta
bl

e 
2  

(c
on

tin
ue

d)



3130	 Surgical Endoscopy (2022) 36:3122–3135

1 3

also showed no significant differences between TaTME and 
transabdominal TME groups, with a RR of 0.94 (95% CI 
0.58–1.54, I2 = 27%) (Fig. 6c).

Analysis of oncologic outcomes according to rate 
of CRM involvement

Analysis of studies with a higher rate of CRM involvement 
in the transabdominal TME group than in the TaTME group 
showed no significant differences between the two groups in 
analysis of OS, DFS, local recurrence, and distant recurrence 
with a RR of 0.65 (95% CI 0.39–1.09, I2 = 0%), 0.79 (95% 
CI 0.57–1.10, I2 = 0%), 0.72 (95% CI 0.39–1.36, I2 = 0%), 
and 0.75 (95% CI 0.40–1.41, I2 = 0%), respectively (Fig. 7).

Analysis of oncologic outcomes according to rate 
of TME incompleteness

Analysis of studies with a higher rate of incomplete TME in 
the transabdominal TME group than in the TaTME group 
showed no significant differences between the two groups in 
analysis of OS, DFS, local recurrence, and distant recurrence 
with a RR of 0.67 (95% CI 0.39–1.14, I2 = 0%), 0.71 (95% 
CI 0.48–1.05, I2 = 0%), 0.57 (95% CI 0.25–1.33, I2 = 0%), 
and 0.59 (95% CI 0.25–1.39, I2 = 0%), respectively (Fig. 7).

Analysis of oncologic outcomes according to rate 
of anastomotic leakage

Analysis of studies with a higher rate of anastomotic leakage 
in the transabdominal TME group than in the TaTME group 
showed no significant differences between the two groups in 
analysis of OS, DFS, local recurrence, and distant recurrence 
with a RR of 0.67 (95% CI 0.39–1.14, I2 = 0%), 0.71 (95% 
CI 0.48–1.05, I2 = 0%), 0.65 (95% CI 0.29–1.45, I2 = 0%), 
and 0.74 (95% CI 0.39–1.42, I2 = 0%), respectively (Fig. 7).

Publication bias

Publication bias was determined by visual inspection of fun-
nel plots and the Egger-weighted linear regression test to 
assess any asymmetry in the funnel plots. The results showed 
that the funnel plots for local recurrence (p = 0.045) were 
asymmetrical, indicating a presence of publication bias.

Discussion

To our knowledge, despite a relatively small number of 
included patients, this study is the first meta-analysis to 
compare long-term oncologic outcomes between TaTME 
and transabdominal TME. Since TaTME was introduced 
in 2010 [5], many studies have reported favorable perio-
perative, pathological, and functional outcomes, although 
little is known about the long-term oncologic outcomes of 
TaTME such as OS, DFS, and distant recurrence. Our find-
ings on the long-term oncologic outcomes of TaTME may 
illustrate its oncologic safety and support its introduction 
and application.

Our meta-analysis showed no significant difference 
between TaTME and transabdominal TME in OS, DFS, 
local recurrence, and distant recurrence. The TaTME group 
had favorable CRM involvement compared with the transab-
dominal TME group. However, despite tendencies for lower 
rates of incompleteness of TME and anastomotic leakage 
in the TaTME group, there was no significant difference 
between the two groups in terms of incompleteness of TME 
and anastomotic leakage. Based on previous meta-analyses 
[11, 13], we considered lower rates of CRM involvement, 
incompleteness of TME, and anastomotic leakage in the 
TaTME group could demonstrate adequately performed 
TaTME procedures, which might show survival outcomes 
properly after overcoming the initial learning curve. Thus, 
we performed sensitivity analyses using predefined methods, 
such as analyses of long-term oncologic outcomes related 
to CRM involvement, incompleteness of TME, and anasto-
motic leakage, which indicated no statistical significance, 
suggesting the robustness of these results.

Studies have shown that CRM is an accepted surrogate 
marker for local recurrence and those with involved CRM 
have an increased risk of local recurrence [34, 35]. How-
ever, in our study, although the TaTME group had favora-
ble CRM involvement and most included studies reported 
a higher rate of CRM involvement in the transabdominal 
TME group [23–32], margin involvement does not translate 
into significant differences in the rates of OS, DFS, distant 
recurrence, and local recurrence between the two groups. 
Another surrogate marker for local recurrence is the quality 
of the mesorectum [36]. In our study, analysis of incomplete-
ness of TME showed no significance, and analysis of studies 
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Fig. 2   Forest plot of data on OS in patients with rectal cancer (TaTME vs. transabdominal TME)

Fig. 3   Forest plot of data on DFS in patients with rectal cancer (TaTME vs. transabdominal TME)

Fig. 4   Forest plot of data on local recurrence in patients with rectal cancer (TaTME vs. transabdominal TME)
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that reported a higher rate of incomplete mesorectum in the 
transabdominal TME group [23–26, 29] showed no signifi-
cance in the rates of OS, DFS, distant recurrence, and local 
recurrence between the two groups. Anastomotic leakage 
may also have a negative effect on recurrence and survival 
outcomes [37–39]. In our study, analysis of anastomotic 
leakage showed no significance, and analysis of studies that 
reported a higher rate of anastomotic leakage in the transab-
dominal TME group [23–26, 30, 31] showed no significance 
in the rates of OS, DFS, distant recurrence, and local recur-
rence between the two groups. However, it is important to 
point out the relatively small number of included patients 
and the trends for better survival outcomes in TaTME group. 
The transanal approach with advances in technique and qual-
ity control will provide more patient data for analysis of the 
oncologic impact of TaTME. Consequently, as patient data 
increases, less CRM involvement, less TME incompleteness, 
and less anastomotic leakage may have a significantly posi-
tive effect on TaTME survival outcomes and recurrence.

Recently, TaTME for rectal cancer was suspended in 
Norway due to an unexpected higher recurrence rate after 
TaTME [40]. In our meta-analysis, except for one study 
[33], all included studies reported an acceptable local 
recurrence rate. After excluding this study, the result of 
local recurrence analysis had a trend for better outcomes in 
the TaTME group. One explanation may involve the tech-
nical aspect of rectal transection and air flow during dis-
section from the perineum, which could potentially allow 
the spread of tumor cells into the pelvic cavity [41]. There-
fore, to ensure complete occlusion of the rectal lumen and 

reduce the possibility of tumor cells spreading, a modifi-
cation of the technique to reinforce the purse-string has 
been proposed [42]. Before full-thickness incision of the 
rectum, placing a gauze swab in the lumen can also pre-
vent tumor cell spillage [26].

There are some limitations to this study that make it dif-
ficult to draw strong conclusions. One limitation of this 
study is it lacks large randomized trials, and that the major-
ity of the studies are retrospective and have a small number 
of patients. Second, there may be a potential heterogene-
ity among the included studies, even though we performed 
a sensitivity analysis. Clinical characteristics of patients 
may be various because comparative studies without ran-
domization were included. Moreover, the procedures were 
performed by many different surgeons, and any non-stand-
ardized techniques used may have influenced the oncologic 
outcomes. Although TaTME is usually recommended as 
dissection of the distal one-third of the mesorectum [43], 
the level of rectal dissection via TaTME may vary between 
patients. Third, there are variations in the follow-up period 
among the included studies, and this might have affected 
the results.

In conclusion, although it remains in a stage of devel-
opment, TaTME may offer favorable long-term oncologic 
outcomes and be an alternative to transabdominal TME 
in patients with distal rectal cancer. Well-designed large 
randomized trials are warranted to provide more definitive 
survival results.

Fig. 5   Forest plot of data on distant recurrence in patients with rectal cancer (TaTME vs. transabdominal TME)
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Fig. 6   a Analysis of CRM involvement, b analysis of incompleteness of TME, and c analysis of anastomotic leakage (TaTME vs. transabdomi-
nal TME)
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