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Abstract
Purpose  The potential benefits of robotic surgery (RS) for rectal cancer (RC) remain uncertain. The objective of this study 
was to evaluate the short- and long-term outcomes of RS compared to conventional laparoscopic surgery (LS) for stage I–III 
middle or lower RC.
Methods  This study retrospectively analyzed 350 consecutive patients with stage I–III middle or lower RC who underwent 
curative surgery from 2017 to 2021, employing propensity score matching (PSM) analysis.
Results  Of 350 patients, 128 patients underwent RS. After PSM, we enrolled 256 patients. Median follow-up was 
59.8 months. Before PSM, significant differences were observed between groups regarding primary tumor site (p = 0.02). 
After PSM, no significant differences between groups were observed in terms of operative time, blood loss, conversion rate, 
intra-operative and postoperative complications, or number of lymph nodes harvested. After PSM, 3- and 5-year cumulative 
LR rates were 3.2% and 3.2% in the RS group, and 2.8% and 3.2% in the LS group, respectively. The cumulative distant 
recurrence (DR) rates in the RS group were 13.4% at 3-year and 15.1% at 5-year, whereas in the LS group, they were 14.9% 
and 18.7%, respectively. No notable differences in cumulative LR or DR rates were evident between groups. Furthermore, 
no notable differences were observed between groups regarding overall, cancer-specific, or recurrence-free survival accord-
ing to stage.
Conclusions  RS appears to be viable and safe treatment approach for patients with middle or lower RC, offering short- and 
long-term outcomes comparable to those of LS.

Keywords  Rectal cancer · Robotic surgery · Laparoscopic surgery · Propensity score matching · Short-term outcome · 
Long-term outcome

Introduction

Rectal cancer (RC) constitutes 38.9% of all colorectal cancer 
cases, with 729,833 new cases reported globally in 2022 
[1]. Laparoscopic surgery (LS) for RC is commonly per-
formed in the era of minimally invasive surgery; however, it 
has several limitations. These include the two-dimensional 
view, restricted instrument maneuverability due to fixed 

tips and suboptimal visualization caused by camera insta-
bility or insufficient traction from assistants. Additionally, 
in RC patients with a deep and narrow pelvis, performing 
total mesorectal excision (TME) with straight laparoscopic 
instruments presents a significant technical challenge. On 
the other hand, robotic surgery (RS) offers solutions to some 
of these drawbacks by offering a stable three-dimensional 
camera platform, articulated instruments, and the potential 
for the surgeon to independently control both the camera 
and assist arm [2]. Although a phase III randomized clinical 
trial (RCT) comparing robotic and laparoscopic resection for 
RC (ROLARR) [3] did not show a significant difference in 
conversion rates between RS and LS, several other clinical 
studies and smaller RCTs have reported positive outcomes, 
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highlighting the clinical advantages of RS [4–8]. However, 
long-term oncological outcomes have only been shown 
from some single-institution retrospective studies and one 
meta-analysis with inconsistent conclusions. Whether RS 
can address some of the limitations of LS in patients with 
stage I–III middle or lower RC thus remains contentious.

The purpose of this retrospective study was to evaluate 
short- and long-term outcomes for RS compared with those 
of conventional LS among patients with stage I–III middle 
or lower RC. Long-term outcomes in this study were overall 
survival (OS), cancer-specific survival (CSS), recurrence-
free survival (RFS), cumulative incidence of local recur-
rence (LR), and cumulative incidence of distant recurrence 
(DR).

Methods

Study design

A total of 389 consecutive patients underwent elective RS 
for middle or lower RC between January 2017 and Decem-
ber 2021 at Osaka International Cancer Institute, Japan. Of 
these, we conducted a retrospective analysis of 350 consecu-
tive patients with stage I–III middle or lower RC. Patients 
who underwent RS were categorized as the RS group, and 
those who underwent LS as the LS group. To enhance 
comparability, patients in the RS group were matched with 
those in the LS group through propensity score matching 
(PSM). This study adhered to the reporting recommenda-
tion (STROBE).

Data source

The data for this study were sourced from our hospital’s 
medical records. All documented recorded clinical (c) and 
pathological (p) data were revalidated based on the medi-
cal and pathology records. During the perioperative period 
(within 30 days of surgery), the following demographic 
details were collected: age, sex, body mass index (BMI), 
American Society of Anesthesiologists physical status clas-
sification (ASA-PS), level of primary RC, carcinoembryonic 
antigen level (CEA), carbohydrate antigen 19–9 level (CA19 
- 9), cTNM stage (as classified by the Union for Interna-
tional Cancer Control (UICC) classification, 8 th edition) 
[9], preoperative treatment, surgical procedure, lateral lymph 
node dissection (LLND), combined resection, tumor size, 
histological grade, lymphovascular invasion, distal margin 
(DM), radial margin (RM), pTNM stage (as classified by the 
UICC classification, 8 th edition) [9], residual tumor, and 
adjuvant therapy. There were no missing data for any of the 
analyzed variables.

Perioperative procedures and follow‑up schedule

Perioperative procedures and follow-up schedules were 
conducted in accordance with the Japanese Society for 
Cancer of the Colon and Rectum (JSCCR) guidelines 
[10]. Additionally, postoperative complications were 
categorized according to the Clavien–Dindo (CD) clas-
sification [11]. The details are provided in the supple-
mentary materials.

Recurrence classification

Recurrence patterns were determined based on clinical 
assessments, radiological findings (primarily through CT, 
MRI, positron emission tomography, or colonoscopy), or 
pathological findings. LR was defined as tumor recurrence 
within the pelvic region, including central pelvic recurrence, 
LLN recurrence, or anastomotic recurrence. DR was classi-
fied as any occurring outside the LR category.

Study outcomes

The primary outcomes were long-term outcomes (inci-
dence of cumulative LR, incidence of cumulative DR, 
OS, CSS, and RFS) in the RS and LS groups. OS was 
measured as the duration from the surgery date to death 
from any cause. CSS was defined as the interval from the 
date of surgery to the day of cancer-specific death. RFS 
was defined as the interval from the date of surgery to 
the date of identification of any radiological or histologi-
cal recurrence, or death from any cause. The secondary 
outcomes included short-term parameters in the RS and 
LS groups, such as operative time, blood loss, conversion 
rate, number of harvested lymph nodes (LNs), intraop-
erative and postoperative complications, reoperation rate, 
30-day postoperative mortality, and length of hospital 
stay after surgery.

Statistical analysis using propensity score matching

Prior to applying PSM, baseline patient characteristics 
were assessed using bivariate analyses to detect any 
imbalances in covariates. PSM was subsequently utilized 
to reduce potential selection biases and account for sig-
nificant differences in baseline characteristics between 
patient groups (Fig. 1). The initial step in PSM involved 
conducting a multivariate logistic regression analysis to 
generate propensity scores. The model for calculating the 
propensity score incorporated eleven covariates that could 
impact surgical complexity or prognosis. These included 
sex, age, BMI, ASA-PS, primary rectal tumor location, 
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cTNM stage, preoperative treatment, surgical approach, 
LLND, combined resection, and adjuvant therapy. Next, 
1:1 matching was procedure was conducted using a cal-
iper width of 0.2. This PSM was employed to evaluate 
the effect of RS on both short- and long-term outcomes. 
Additionally, baseline characteristics, including variables 
not included in the propensity score model, were analyzed 
using bivariate methods to compare differences between 
groups.

Continuous variables are presented as the mean 
with standard deviation, while categorical variables 
are reported as counts with corresponding percentages. 
Categorical variable comparisons were conducted using 
Pearson’s chi-squared test, while the Wilcoxon rank-sum 
test was applied for continuous variables. The cumula-
tive incidence of LR and survival curves were calculated 
using the Kaplan–Meier method and were then compared 
by log-rank testing. Values of p < 0.05 were considered 

statistically significant. Statistical analyses were carried 
out using JMP Pro version 17 (SAS Institute, Cary, NC).

Results

Baseline patient characteristics

Figure 1 provides an overview of our study. Among the 
389 consecutive patients with resection of middle or 
lower RC, 39 patients with carcinoma in situ or distant 
metastasis were excluded. Consequently, the final study 
cohort consisted of 350 patients, including 128 in the RS 
group and 222 in the LS group. The average patient age 
was 61.2 years, with males comprising 59.1% of the study 
population.

Table 1 presents the clinicopathological character-
istics before and after PSM. Prior to PSM, lower RC 

Fig. 1   Flow diagram describing 
the patient-matching process
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was more common in the RS group (66.4%) than in 
the LS group (54.0%, p = 0.02). Compared to the LS 
group, super-low anterior resection (sLAR) was more 
common than intersphincteric resection (ISR) in the 
RS group. The LS group showed a higher tendency for 
combined resection compared to the RS group (p = 
0.07). Following PSM, 128 matched pairs were iden-
tified. No significant group-dependent differences in 
patient characteristics were apparent. The two matched 
groups exhibited comparable baseline characteristics 
(Table 1).

Comparison of short‑term outcomes between RS 
and LS groups

Short-term outcomes for both the overall and matched 
cohorts are shown in Table 2. After PSM, no significant 
differences were observed in operative time, blood loss, 
conversion rate, intraoperative complication, or number of 
LNs harvested.

After PSM, the incidence of CD all-grade postopera-
tive complications was 13.3% in the RS group and 11.7% 
in the LS group. The occurrence of CD grade ≥ II and 
CD grade ≥ III complications was comparable between 
the groups. No significant differences were observed in 
anastomotic leakage (AL), ileus, bleeding, wound infec-
tion, intra-pelvis abscess, urinary dysfunction, urinary 
complication, obstructive neuropathy, thrombosis/embo-
lism, pneumonia, reoperation rate, or 30-day postopera-
tive mortality. The RS group showed a trend toward a 
shorter postoperative stay (p = 0.07). Additionally, no 
patients in either group experienced mortality within 30 
days of surgery.

Comparison of long‑term outcomes between RS 
and LS groups

Recurrence

No significant difference was observed in terms of the 
proportion of patients who received adjuvant therapy 
between groups (p = 0.70 before PSM, p = 0.89 following 
PSM). The median follow-up duration was 59.8 months 
(range, 7–83 months). The recurrence patterns in both 
the overall and matched cohorts are shown in Table 3. 
Among the overall cohort, 18 patients (5.1%) died from 
RC, with 20 (5.7%) all-cause deaths during follow-up. 
The overall recurrence rate was observed in 72 patients 
(20.6%), while LR and DR were detected in 11 (3.1%) 
and 62 (17.7%) patients, respectively. After PSM, the 

cumulative LR rates at 3- and 5-year were both 3.2% in 
the RS group, while in the LS group, they were 2.8% at 
3-year and 3.2% at 5-year. (Fig. 2A). The cumulative DR 
rates in the RS group were 13.4% at 3-year and 15.1% 
at 5-year, whereas in the LS group, they were 14.9% 
and 18.7%, respectively (Fig. 2B). No differences were 
observed in terms of cumulative LR or DR rates between 
groups (Fig. 2).

Overall, cancer‑specific, and recurrence‑free survival

OS curves after PSM are shown in Fig. 3. After PSM, 
the RS group had 3- and 5-year OS rates of 96.8% and 
92.5%, while the LS group reported rates of 97.6% and 
96.7%, respectively. For OS, no differences were observed 
between the RS and LS groups. Three- and 5-year OS rates 
according to stage in the RS group were 100% and 100% 
in stage I, 96.7% and 91.3% in stage II, and 93.6% and 
84.6% in stage III, respectively. In the LS group, 3- and 
5-year OS rates according to stage in the LS group were 
100% and 100% in stage I, 100% and 96.7% in stage II, 
and 94.0% and 94.0% in stage III, respectively. Five-year 
CSS rates according to stage were similar between groups 
(Fig. 3B–D).

CSS curves after PSM are shown in Fig. 4. After PSM, 
the CSS rates at 3- and 5-year were 97.5% and 93.2% in 
the RS group, while the LS group had rates of 97.6% and 
96.7%, respectively. For CSS, no significant differences 
were seen between the RS and LS groups. Three- and 
5-year CSS rates according to stage in the RS group were 
100% and 100% in stage I, 98.4% and 91.3% in stage II, 
and 95.6% and 86.5% in stage III, respectively. In the LS 
group, 3- and 5-year CSS rates according to stage were 
100% and 100% in stage I, 100% and 96.7% in stage II, 
and 94.0% and 94.0% in stage III, respectively. Five-year 
CSS rates according to stage were similar between groups 
(Fig. 4B–D).

RFS curves after PSM are shown in Fig. 5. After PSM, 
the RS group had RFS rates of 83.4% at 3-year and 81.8% 
at 5-year, whereas the LS group reported rates of 82.6% 
and 78.9%, respectively. Again, no significant differences 
in RFS were evident between the RS and LS groups. Three- 
and 5-year stage-specific RFS rates in the RS group were 
93.7% and 93.7% in stage I, 78.7% and 78.7% in stage II, 
and 76.4% and 70.5% in stage III, respectively. In the LS 
group, 3- and 5-year RFS rates according to stage were 
93.0% and 93.0% in stage I, 87.9% and 78.9% in stage II, 
and 70.2% and 66.1% in stage III, respectively. Five-year 
stage-specific RFS rates were again similar between groups 
(Fig. 5B–D).



International Journal of Colorectal Disease          (2025) 40:121 	 Page 7 of 13    121 

Ta
bl

e 
2  

C
om

pa
ris

on
 o

f s
ho

rt-
te

rm
 o

ut
co

m
es

 b
et

w
ee

n 
LS

 a
nd

 R
S 

gr
ou

ps

LS
, l

ap
ar

os
co

pi
c 

su
rg

er
y;

 R
S,

 ro
bo

tic
 su

rg
er

y;
 S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 C

D
, C

la
vi

en
–D

in
do

To
ta

l
O

ve
ra

ll 
(N

 =
 3

50
)

Pr
op

en
si

ty
 sc

or
e-

m
at

ch
ed

 p
ai

rs
 (n

 =
 25

6)

LS
 g

ro
up

 (n
 =

 2
22

)
R

S 
gr

ou
p 

(n
 =

 1
28

)
p

LS
 g

ro
up

 (n
 =

 1
28

)
R

S 
gr

ou
p 

(n
 =

 1
28

)
p

n 
or

 m
ea

n
%

 o
r S

D
n 

or
 m

ea
n

%
 o

r S
D

n 
or

 m
ea

n
%

 o
r S

D
n 

or
 m

ea
n

%
 o

r S
D

n 
or

 m
ea

n
%

 o
r S

D

Su
rg

ic
al

 fi
nd

in
gs

  E
sti

m
at

ed
 o

pe
ra

tio
n 

tim
e,

 m
ea

n 
±

 S
D

, m
in

34
2.

9
11

6.
4

33
0.

7
11

8.
4

36
4

11
0.

1
0.

00
6

34
1.

5
12

1.
0

36
4.

0
11

0.
1

0.
13

6
  E

sti
m

at
ed

 b
lo

od
 lo

ss
, m

ea
n 

±
 S

D
, m

l
70

.1
17

8.
8

67
.1

16
8.

4
75

.2
19

6.
2

0.
29

5
79

.6
19

2.
3

75
.2

19
6.

2
0.

17
3

  N
um

be
r o

f l
ym

ph
 n

od
e,

 m
ea

n 
±

 S
D

19
.7

12
.5

19
.2

12
.2

20
.8

13
.1

0.
24

5
19

.7
12

.1
20

.8
13

.1
0.

55
4

  C
on

ve
rs

io
n 

to
 la

pa
ro

to
m

y,
 n

 (%
)

2
0.

6
2

0.
9

0
0.

0
0.

17
6

1
0.

8
0

0.
0

0.
23

8
  I

nt
ra

op
er

at
iv

e 
co

m
pl

ic
at

io
ns

, n
 (%

)
0

0.
0

0
0.

0
0

0.
0

-
0

0.
0

0
0.

0
-

Po
sto

pe
ra

tiv
e 

co
m

pl
ic

at
io

ns
, n

 (%
)

  O
ve

ra
ll,

 C
D

 c
la

ss
ifi

ca
tio

n 
al

l-g
ra

de
43

12
.3

24
10

.8
17

13
.3

0.
49

2
15

11
.7

17
13

.3
0.

70
5

   
 A

na
sto

m
os

is
 le

ak
ag

e
6

2.
0

4/
18

4
2.

2
2/

11
3

1.
8

0.
80

8
4/

10
7

3.
7

2/
11

3
1.

8
0.

36
6

   
 Il

eu
s

8
2.

3
5

2.
2

3
2.

3
0.

95
6

2
1.

5
3

2.
3

0.
65

0
   

 B
le

ed
in

g
2

0.
6

2
0.

9
0

0
0.

17
6

2
1.

5
0

0
0.

15
5

   
 W

ou
nd

 in
fe

ct
io

n
2

0.
6

0
0

2
1.

5
0.

06
1

0
0.

0
2

1.
5

0.
15

5
   

 In
tra

-p
el

vi
c 

ab
sc

es
s

4
1.

1
3

1.
3

1
0.

8
0.

61
9

3
2.

3
1

0.
8

0.
30

2
   

 U
rin

ar
y 

dy
sf

un
ct

io
n

9
2.

5
3

1.
3

4
3.

1
0.

26
4

1
0.

8
4

3.
1

0.
16

1
   

 U
rin

ar
y 

co
m

pl
ic

at
io

n
11

3.
1

6
2.

7
5

3.
9

0.
53

9
4

3.
1

5
3.

9
0.

73
4

   
 O

bs
tru

ct
iv

e 
ne

ur
op

at
hy

2
0.

6
1

0.
4

1
0.

7
0.

69
7

0
0.

0
1

0.
7

0.
23

8
   

 T
hr

om
bo

si
s/

em
bo

lis
m

4
1.

1
2

0.
9

2
1.

5
0.

58
2

1
0.

8
2

1.
5

0.
55

7
   

 P
ne

um
on

ia
0

0.
0

0
0

0
0

-
0

0
0

0
-

  C
D

 g
ra

de
 ≥

 II
41

11
.7

23
10

.3
16

12
.5

0.
54

2
14

10
.9

16
12

.5
0.

69
7

  C
D

 g
ra

de
 ≥

 II
I

12
3.

4
9

4
3

2.
3

0.
38

3
6

4.
7

3
2.

3
0.

30
4

  R
eo

pe
ra

tio
n,

 n
 (%

)
4

1.
1

2
0.

9
2

1.
5

0.
58

2
2

1.
5

2
1.

5
1.

00
0

  T
hi

rty
-d

ay
 p

os
to

pe
ra

tiv
e 

m
or

ta
lit

y,
 n

 (%
)

0
0.

0
0

0
0

0
-

0
0

0
0

-
  L

en
gt

h 
of

 p
os

to
pe

ra
tiv

e 
st

ay
, m

ea
n 

±
 S

D
, d

ay
s

12
.9

6.
9

13
.1

6.
3

12
.4

7.
9

0.
11

0
13

.4
6.

5
12

.4
7.

9
0.

07
0



	 International Journal of Colorectal Disease          (2025) 40:121   121   Page 8 of 13

Discussion

This study examined the available evidence regarding short- 
and long-term outcomes following RS for stage I–III middle 
or lower RC and identified two clinically significant find-
ings. Firstly, short-term outcomes were similar between the 
RS and LS groups. Secondly, no significant difference in 
long-term outcomes was seen between the two groups. Fur-
ther, no significant differences were found between groups 
in terms of OS, CSS, or RFS according to stage. No signifi-
cant differences in cumulative LR or DR rates were apparent 
between groups. To reduce selection bias, our retrospective 
study utilized a propensity score-matched analysis, offering 

deeper insights into RS for patients with stage I–III middle 
or lower RC.

Our data were comparable to those in the literature 
in three main ways. The first is short-term outcomes. 
Regarding surgical procedure, interestingly, sLAR was 
more frequently performed than ISR in the RS group 
compared to the LS group, even though lower RC was 
more prevalent in the RS group and LAR rates were com-
parable between the two groups. These results indicate 
that RS could overcome certain limitations associated 
with LS in RC patients with a deep and narrow pelvis, 
potentially aiding in the preservation of anal function. 
Regarding conversion rate, several studies have shown 

Table 3   Comparison of 
recurrence patterns between LS 
and RS groups

LS, laparoscopic surgery; RS, robotic surgery; RC, rectal cancer; Para-Ao LN, para-aortic lymph node

Total Overall (n = 350) Propensity score-matched pairs 
(n = 256)

LS group 
(n = 222)

RS group 
(n = 128)

p LS group 
(n = 128)

RS group 
(n = 128)

p

n % n % n % n % n %

Overall death, n (%) 20 5.7 10 4.5 9 7.0 0.322 5 3.9 9 7.0 0.268
RC death, n (%) 18 5.1 10 4.5 7 5.5 0.688 5 3.9 7 5.5 0.553
Overall recurrence, n (%) 72 20.6 50 22.5 22 17.2 0.229 28 21.9 22 17.2 0.343
Local recurrence, n (%) 11 3.1 7 3.1 4 3.1 0.988 4 3.1 4 3.1 1.000
Distant recurrence, n (%) 62 17.7 44 19.8 18 14.1 0.168 25 19.5 18 14.1 0.241

  Lung 36 10.2 23 10.4 13 10.2 0.951 11 8.6 13 10.2 0.667
  Liver 16 4.6 13 5.8 3 2.3 0.111 8 6.3 3 2.3 0.116
  Peritoneum 6 1.7 4 1.8 2 1.6 0.867 4 3.1 2 1.6 0.404
  Para-Ao LN 8 2.3 6 2.7 2 1.6 0.479 3 2.3 2 1.6 0.650
  Ovary 1 0.3 1 0.5 0 0.0 0.339 1 0,.8 0 0.0 0.238
  Adrenal gland 2 0.6 1 0.5 1 0.8 0.697 0 0.0 1 0.8 0.238
  Bone 3 0.8 2 0.9 1 0.8 0.906 2 1.6 1 0.8 0.557

Fig. 2   Incidence of cumulative 
recurrence. A Local recurrence 
and B distant recurrence
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that RS is associated with a significantly lower conver-
sion rate compared with LS [4–6]. None of the patients 
in this study required conversion to laparotomy in either 
group. Regarding postoperative complications, four large 
RCTs [3, 12–14] previously indicated complication rates 
of around 33.1% in the RS group and 21.2–40.0% in 
the LS group. Compared to previous studies, CD all-
grade postoperative complications in the present study 
exhibited a relatively low rate (13.3% in the RS group, 
11.7% in the LS group). Additionally, previous studies 
including > 200 RS for RC reported AL rates ranging 
from 1.5 to 12.2% in RS and from 2.9 to 10.8% in LS [3, 
15–21]. The rate of AL (1.8% in the RS group, 3.7% in 
the LS group) in this study was similar to rates reported 
in previous research [3, 15–21]. Regarding the length of 
postoperative stay, previous studies reported a shorter 
postoperative stay with RS [16, 22–24]. Postoperative 
stay for the RS group in this study also exhibited a trend 
toward a shorter postoperative hospital stay compared to 
the LS group (p = 0.07), although the difference between 
groups was not significant. Our finding suggested that 

RS is a viable and safe treatment approach for patients 
with middle or lower RC.

A second aspect is the resection margins (DM and RM) 
and number of harvested LNs. The pathological parameters 
of resection margins and number of harvested LNs reflect 
the surgical and oncological qualities of RC resection, 
which have significant effects on prognosis. According to 
two meta-analyses, the number of LNs retrieved during RC 
resection was comparable between the RS and LS groups, 
showing no significant differences [25, 26]. Likewise in the 
present study, both groups showed similar results, with no 
significant differences in positive resection margins (DM 
and RM) or the number of harvested LNs. The quality of 
oncological resection in this study was similar across both 
groups.

The final aspect is the long-term outcomes. Our analysis 
with PSM revealed no significant differences in OS, CSS, 
or RFS between RS and LS groups. Further, no significant 
between-group differences were evident in cumulative 
LR or DR rates. Reviewing the existing literature, several 
retrospective studies have compared long-term outcomes 

Fig. 3   Kaplan–Meier curves for 
overall survival according to 
stages. A All stages. B Stage I. 
C Stage II. D Stage III
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for robotic versus laparoscopic approaches. The findings 
have been reported in six propensity score analyses [15, 
18, 27–30] and a systematic review and meta-analysis 
[31]. According to analyses with PSM [15, 18, 27–30] 
and retrospective cohorts [32–34], 3- and 5-year OS rates 
were 94.6–98.4% and 90.5–95.4% in the RS groups and 
86.5–98.7% and 78.0–97.3% in the LS groups. Two pre-
vious studies showed 5-year CSS rates of 90.5–93.6% in 
the RS group and 79.5–95.5% in the LS group [15, 18]. 
Several other studies reported 3- and 5-year disease-free 
survival and RFS rates of 82.2–90.5% and 72.6–90.5% in 
the RS group and 77.9–89.2% and 68.0–88.5% in the LS 
group [15, 18, 27–30, 32, 33]. OS, CSS, and RFS rates in 
this study closely matched the results reported in previous 
studies [15, 18, 27–29, 32–34], despite the different study 
designs. Regarding cumulative LR or DR, some studies 
showed cumulative LR rates of 2.3–5.9% and cumulative 
DR rates of 7.7–16.3% [18, 27–30, 33]. The 5-year cumula-
tive LR rate of 3.2% and cumulative DR rate of 15.1% in this 
study were comparable and acceptable. In addition, several 
studies [18, 29, 33–35] have shown long-term outcomes 

according to stage. Yamaguchi et al. [33] reported 3-year OS 
and RFS rates for stage III RC in the RS group of 95.5% and 
71.8%, respectively. Four retrospective studies [18, 29, 34, 
35] found 5-year OS, CSS, and RFS rates for stage III RC in 
the RS groups of 86.8–89.0%, 90–100%, and 63.2–77.6%, 
respectively. In this study, 5-year OS, CSS, and RFS rates for 
stage III RC were 93.6%, 95.6%, and 76.4%, similar to those 
previous findings [18, 29, 34, 35]. In alignment with findings 
from multiple previous studies, our results suggested that 
long-term outcomes of RS for stage I–III middle or lower 
RC were comparable to those from LS.

A notable strength of this study was the implementa-
tion of PSM, which helped mitigate selection bias and 
balance significant differences in baseline patient char-
acteristics. Another strength was the focus on long-term 
outcomes according to stage. Nevertheless, our study had 
several limitations. First was the non-randomized, retro-
spective design. Second, our study cohort was from a sin-
gle center. While the application of PSM helped balance 
the characteristics of the patient groups, this came at the 
cost of a smaller sample size. Third, while our propensity 

Fig. 4   Kaplan–Meier curves for 
cancer-specific survival accord-
ing to stages. A All stages. B 
Stage I. C Stage II. D Stage III
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score-matched analysis adjusted for observed baseline 
characteristics, it was unable to account for unmeasured 
factors, such as the surgeon’s experience, the learning 
curve, or the complexity of the surgical cases. These 
unaccounted factors may have influenced both short- and 
long-term outcomes. Fourth, we analyzed DM and RM as 
pathological indicators to assess surgical and oncological 
quality in RC but did not examine circumferential resection 
margins. As a result, our pathological assessment may have 
been insufficient for comprehensive evaluation of TME 
quality. Finally, we did not evaluate functional outcomes, 
which are important when assessing the clinical benefits of 
a treatment option. Future studies are therefore necessary 
to fully examine long-term functional outcomes, includ-
ing sexual, urinary, and anal functions, all of which affect 
postoperative quality of life.

In conclusion, the present study with PSM indicates that 
RS offers a viable and safe treatment approach for patients 
with stage I–III middle or lower RC, yielding short- and 
long-term outcomes comparable to those of LS. However, 
given the current limitations in evidence, further prospective, 

multicenter RCTs assessing long-term outcomes are neces-
sary to confirm the advantages of RS in RC.
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