
Abstract. Background/Aim: The self-expanding metallic
stent (SEMS) has recently been used for obstructive
colorectal cancer (OCRC), and reports of its use are
increasing. However, the long-term results of OCRC after
using SEMS remain unclear. This study investigated the
characteristics of SEMS compared to trans-anal tube (TAT)
and clarified the long-term results and efficacy of SEMS for
OCRC. Patients and Methods: We analyzed 48 patients who
required SEMS or TAT for emergent decompression of
OCRC and underwent resection for OCRC between 2007
and 2019. The perioperative factors and long-term results
in the two groups were evaluated. Results: Patients with
OCRC were divided into the SEMS (n=23) and the TAT
group (n=25). No significant differences were seen in
background factors, complications and the 5-year overall
survival after surgery (p=0.3500) between the two groups.
The clinical success of decompression (p=0.0072), oral
intake (p<0.0001) and change in serum albumin (p<0.0001)
from decompression to surgery were significantly better in
the SEMS compares to the TAT group. Conclusion: The
long-term outcomes in the SEMS group were not
significantly different than in the TAT group, and nutritional
status was better in patients with SEMS, suggesting that
SEMS is very effective and may be the first-line treatment
of OCRC.

Colorectal cancer (CRC) is the third most common
malignancy and the fifth leading cause of death worldwide.
CRC is a common cancer with a yearly worldwide incidence
of approximately 1,097,000 new cases and 551,000 deaths (1).
Intestinal obstruction is one of the common presenting
symptoms of CRC. Obstructive colorectal cancer (OCRC) was
estimated to occur in 7-16% of CRC cases and was the main
reason for emergency surgery in patients with CRC (2-5).

Emergency surgery for OCRC is usually associated with
increased morbidity, mortality, post-operative complications,
and stoma creation rate compared to elective surgery (6-8).
Stoma creation is permanent in up to 40% of patients, and
significantly reduces the patients’ quality of life (QOL) (9,
10). In order to avoid emergency surgery and permanent
stoma creations, various types of procedures, such as
temporary stoma, trans-anal tube (TAT), and self-expanding
metallic stent (SEMS), are used (11, 12). 

Recently, elective surgery has been selected more
frequently than emergency primary tumor resection (ER).
SEMS was introduced as a palliative treatment measure for
OCRC in patients with incurable disease (13, 14) and as a
bridge to surgery (BTS) (15, 16) in the 1990s. In Japan, SEMS
has been generally used for curative OCRC since 2012.

Some studies reported that SEMS was an effective and
safe treatment of OCRC (17-19). On the other hand, others
have shown that SEMS exacerbated the lymphovascular
invasion caused by the pressure of the cancer tissue,
resulting in local recurrence and peritoneum dissemination
by perforation at a constant rate (20, 21). The effectiveness
and safety of SEMS is still controversial, and the oncologic
outcomes and long-term results of elective surgery after
using SEMS remain unclear.

The aim of the present study was to investigate the clinical
characteristics of OCRC and clarify the efficacy and safety
of SEMS for OCRC. We also compared the status of use,
preoperative conditions, postoperative outcomes, and long-
term results of SEMS with TAT for OCRC.
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Patients and Methods
Patients and data collection. Forty-eight patients undergoing
resection for OCRC between January 2007 and December 2019 at our
Institution were included in this study. The selection criteria were as
follows: 1) histologically confirmed colorectal cancer; 2) acute
colonic obstruction and who could not receive any oral intake; 3)
required SEMS or TAT for emergent decompression; and 4)
underwent resection of the primary tumor. Patients who received
palliative colostomy without primary tumor resection, only underwent
stent insertion without surgery, or only underwent trans-oral
decompression, such as stomach tube or ileus tube insertion, were
excluded from this study. Patients who underwent emergency primary
tumor resection or temporary stoma construction were also excluded.

All patients provided written informed consents before the
operation. This study was approved by the ethics committee of our
institution (approval no. ERB-1178-1).

Definition of OCRC and decompression procedure.We defined OCRC
(22) as obstruction diagnosed by medical history, physical
examination, computed tomography (CT), or colonoscopy in patients
with colorectal cancer that was confirmed by histological examination.

The therapeutic strategy for OCRC, such as emergency primary
tumor resection or a decompression procedure (SEMS, TAT, or
temporary stoma), were decided upon following discussion between
the surgeons and the endoscopists. Excluding high risk cases of
perforation determined by the surgeons and the endoscopists,
emergency primary tumor resection was avoided as far as possible.
For patients with lower rectal cancer, TAT was preferred to avoid
the risk of SEMS migrating distally and interfering with transection
of the distal rectum. Temporary stoma was chosen when
neoadjuvant chemotherapy before primary tumor resection was
necessary, when guidewire to introduce SEMS or TAT could not be
inserted, or when the SEMS or TAT were obstructed. Insertion of
SEMS or TAT was carried out by endoscopists.

For SEMS, we used WallFlex™, HANAROSTENT® Naturfit™,
or Niti-S™. The WallFlex™ enteral colonic stent (Boston Scientific
Corporation, Marlborough, MA, USA) was 6, 9, or 12 cm in length,
with flare flange/mid-body diameters of either 27/22 or 30/25 mm.
The HANAROSTENT® Naturfit™ (Boston Scientific Corporation)
was 6, 9, or 12 cm in length, outer diameters of either 20 or 22 mm.
The Niti-S™ type D enteral colonic stent (TaeWoong Medical Co.,
Ltd., Gyeonggi-do, Republic of Korea) was 6, 8, 10, or 12 cm in
length and 18 or 22 mm in diameter. The appropriate SEMS was
decided by an endoscopist. For TAT, the scope was removed leaving
the guidewire in place, and a Dennis Colorectal Tube (7.3 mm outer
diameter and 145 cm length; Coviden Japan, Tokyo, Japan) was
inserted over the wire. The balloon at the tube tip was insufflated
with 20-30 ml of water for fixation. The tube was flushed once or
twice a day to prevent clogging. Clinical success was defined as
correct placement, and resolution of obstruction was evaluated by
physical symptoms and X-ray examination. For patients who had
undergone successful SEMS and TAT placement, elective surgery
was performed about 2 weeks later.

Surgical procedure and pathological evaluation. The primary tumor
resection and lymph node dissection were performed based on the
Japanese Society for the Cancer of the Colon and Rectum (JSCCR)
Guidelines for the Treatment of Colorectal Cancer (23). Resected
specimens were assessed by pathologists based on the tumor-node-

metastasis (TNM) (8th edition) staging system by the Union for
International Cancer Control (UICC) (24). In this study, the
definition of right- and left-sided colon lesion was in accord with a
previous study (25). The border between the right- and left-sided
colon was the proximal two-thirds of the transverse colon.

Follow-up data. After colorectal resection for OCRC, patients were
followed up at regular intervals with serum carcinoembryonic
antigen (CEA) and cancer antigen (CA) 19-9 every 3 months; CT
of the chest, abdomen, and pelvis every 6 months; and colonoscopy
every 12 months, according to the JSCCR guidelines. The first
follow-up was performed a month after primary tumor resection,
then a follow-up was performed every 3 months for up to 3 years
and every 6 months thereafter. All patients were followed up until
their death or 5 years after primary tumor resection.

After primary tumor resection, adjuvant chemotherapy was
recommended for all patients based on the JSCCR guidelines, unless
the patient’s performance status (PS) was not suitable for systemic
chemotherapy or the patients declined chemotherapy. The
chemotherapeutic regimens administered were also in line with the
JSCCR guidelines. The chemotherapeutic options were mostly
oxaliplatin-based regimens or uracil-tegafur with leucoborin.

Statistical analyses. The correlation between the clinicopathological
parameters and the decompression procedures was compared using
the chi-square test and Mann-Whitney U-test. Values are presented
as the median (range) and percentage. Overall survival (OS) and
recurrence-free survival (RFS) were generated using the Kaplan-
Meier method and differences between groups were assessed with
the log-rank test. A p-value <0.05 was considered significant.
Statistical analyses were performed with the software package JMP
software version 10 (JMP, Cary, NC, USA).

Results

Clinical characteristics and distributions in patients with
OCRC. The clinicopathological characteristics of patients are
shown in Table I. Their median age was 72 years (range=47-
91 years), with 28 male (58.3%) and 20 female patients
(41.7%). The majority of patients (47/48: 97.1%) had an
advanced T stage (T3/T4) and nearly half of the patients had
positive lymph nodes (22/48: 45.8%) in their primary
tumors. Among the patients, 11 (22.9%) primary tumors
were located in right-sided colon, 20 (41.7%) in the left-
sided colon, and 17 (35.4%) in the rectum. The median
follow-up after primary tumor resection was 35.5 months
(range=39 days to 112 months). Patients were classified into
two groups: a SEMS group (n=23), and a TAT group (n=25).

Comparison of clinicopathological factors, postoperative
outcomes, and long-term results between SEMS and TAT. We
investigated the clinical characteristics of patients and the
long-term outcomes between the SEMS and TAT groups.
Clinicopathological findings of the 48 patients are
summarized in Table I. There were no significant differences
of background factors, such as age, sex and preoperative
tumor marker level, and surgical or postoperative factors,
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such as the rate of open surgery, bleeding, operation time,
SSI, and leakage, between the SEMS and TAT groups. There
were also no significant differences of the factors associated
with pathological and long-term outcomes, such as
pathological stage and lymphovascular invasion between
these two groups. No complications related to the insertion
of SEMS or TAT were observed. The 5-year OS rates were
not significantly different between these two groups (SEMS
group 69.5%, TAT group 38.4%, p=0.3500, Figure 1).

Tumors located in the left-sided colon were more frequent in
the SEMS group, whereas tumors located in the rectum were
more frequent in the TAT group (p=0.0156). The clinical
success of decompression rate in the SEMS group was
significantly higher than in the TAT group (p=0.0072). After
the insertion of SEMS or TAT, the rate of oral intake in the
SEMS group was significantly higher than in the TAT
(p<0.0001). The preoperative serum albumin levels in the
SEMS group were significantly higher than those in the TAT
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Table I. Analysis of clinicopathological factors in the SEMS group and the TAT group.

Variables n=48                                                     Group p-Valued

                               SEMS (n=23) TAT (n=25)

Age, years                                                Median (range) 72 (47-91)                                  
                                                                 <65 14 (29.2%)                         6 (26.1%) 8 (32.0%) 0.6520
                                                                 ≥65 34 (70.8%)                        17 (73.9%) 17 (68.0%)
Gender                                                     Male 28 (58.3%)                        12 (52.2%) 16 (64.0%) 0.4060
                                                                 Female 20 (41.7%)                        11 (47.8%) 9 (36.0%)
CEAa (ng/ml)                                          <5 19 (39.6%)                        11 (47.8%) 8 (32.0%) 0.2619
                                                                 ≥5 29 (60.4%)                        12 (52.2%) 17 (68.0%)
CA19-9a (U/ml)                                      <37 39 (81.2%)                        18 (78.3%) 21 (84.0%) 0.6108
                                                                 ≥37 9 (18.8%)                          5 (21.7%) 4 (16.0%)
Success of decompressionb                    Yes 48 (88.9%)                       23 (100.0%) 25 (80.6%) 0.0072*
                                                                 No 6 (11.1%)                           0 (0.0%) 6 (19.4%)
Oral intake                                               Yes 18 (37.5%)                        17 (73.9%) 1 (4.0%) <0.0001*
                                                                 No 30 (62.5%)                         6 (26.1%) 24 (96.0%)
Change in the serum albumin                Median (range) –0.45 (–1.7-+0.7)              –0.15 (–1.0-+0.7) –0.7 (–1.7-+0.3) <0.0001*
Location                                                   Right sided colon 11 (22.9%)                         5 (21.7%) 6 (24.0%) 0.0156*
                                                                 Left sided colon 20 (41.7%)                        14 (60.9%) 6 (24.0%)
                                                                 Rectum 17 (35.4%)                         4 (17.4%) 13 (52.0%)
Tumor size, mm                                      Median (range) 60 (20-155)                       60 (20-155) 60 (30-146) 0.7405
Vascular invasionc                                   Absence 16 (33.3%)                         9 (39.1%) 7 (28.0%) 0.4135
                                                                 Presence 32 (66.7%)                        14 (60.9%) 18 (72.0%)
Lymphatic invasionc                               Absence 23 (47.9%)                        10 (43.5%) 13 (52.0%) 0.5546
                                                                 Presence 25 (52.1%)                        13 (56.5%) 12 (48.0%)
pT Stagec                                                 ≥2 1 (2.1%)                            1 (4.3%) 0 (0.0%) 0.2215
                                                                 ≤3 47 (97.9%)                        22 (95.7%) 25 (100.0%)
pN Stagec                                                 0 26 (54.2%)                        13 (56.5%) 13 (52.0%) 0.7534
                                                                 ≤1 22 (45.8%)                        10 (43.5%) 12 (48.0%)
pStagec                                                     ≤III 31 (64.6%)                        16 (69.6%) 15 (60.0%) 0.4879
                                                                 IV 17 (35.4%)                         7 (30.4%) 10 (40.0%)
Open or Lap                                            Open 12 (25.0%)                         4 (17.4%) 8 (32.0%) 0.2389
                                                                 Lap 36 (75.0%)                        19 (82.6%) 17 (68.0%)
Bleeding, g                                              Median (range) 19.5 (0-2835)                        0 (0-344) 32 (0-2835) 0.0986
Operation time, min                                Median (range) 255 (120-634)                   254 (120-547) 256 (150-634) 0.8284
Permanent stoma creation                      No 36 (75.0%)                        22 (95.7%) 14 (56.0%) 0.0007*
                                                                 Yes 12 (25.0%)                          1 (4.3%) 11 (44.0%)
SSI                                                           No 42 (87.5%)                        22 (95.7%) 20 (80.0%) 0.0873
                                                                 Yes 6 (12.5%)                           1 (4.3%) 5 (20.0%)
Leakage                                                   No 47 (97.9%)                       23 (100.0%) 24 (96.0%) 0.2498
                                                                 Yes 1 (2.1%)                            0 (0.0%) 1 (4.0%)
Postoperative hospital stay, days            Median (range) 14.5 (8-61)                          13 (8-47) 16 (8-61) 0.0184*

CEA: Carcinoembryonic antigen; CA19-9: cancer antigen (CA) 19-9; Open: open surgery; Lap: laparoscopic surgery; SSI: surgical site infection;
SEMS: self-expanding metallic stent; TAT: trans-anal tube. aTumor markers were measured before primary tumor resection. bPatients who attempted
SEMS (n=23) or TAT (n=31) insertion, including successes and failures, cAccording to the 8th edition of the UICC/TNM staging system, dp-values
are from chi-squared test or Mann-Whitney U-test.



group (p=0.0275, Figure 2A). The decrease in serum
albumin from decompression to surgery was significantly
greater in the TAT group than the SEMS group (p<0.0001,
Figure 2B). The modified Glasgow prognostic score (mGPS)
in the SEMS group was significantly lower than that in the
TAT group (p=0.0325, Figure 2C). As a result, the nutritional
status of patients in the SEMS group was better than that in
the TAT group before operation. 

Comparison of clinicopathological factors, postoperative
outcomes, and long-term results between SEMS and TAT in
left-sided colorectal cancer patients undergoing R0 surgery.
When we assessed patients who underwent an R0 operation
and patients with a primary tumor in left-sided colon or
rectum, the result was similar (Table II). The rate of open
surgery, bleeding, operation time, SSI, leakage, and
postoperative hospital stay were not significantly different
between the two groups (SEMS group: n=14, TAT group:
n=10). The rate of oral intake in the SEMS group was
significantly higher than in the TAT group (p=0.0002). The
decrease in serum albumin from decompression to surgery
was significantly greater in the TAT group than the SEMS
group (p=0.0049). The 5-year OS and RFS rates of the
SEMS and TAT groups after primary tumor resection was not
significantly different (5-year OS rates: SEMS group 87.5%,
TAT group 68.6%, p=0.3240; 5-year RFS: 61.4%, 46.7%,
respectively, p=0.5931, Figure 3). 

Discussion

The efficacy and safety of SEMS for OCRC is controversial
(17-21). In the present study, we demonstrated the efficacy
and safety of SEMS for OCRC. Moreover, we compared the

status of use, preoperative condition, postoperative outcomes,
and long-term results between SEMS and TAT for OCRC.
This is the first report that investigated preoperative nutritional
status and long-term outcomes between SEMS and TAT. Our
results suggest that SEMS is an effective treatment for OCRC.

The numerous reports on short-term outcomes (26-28)
showed that BTS improved short-term prognosis compared
to ER. Therefore, in recent years, BTS using SEMS or TAT
has become the mainstream treatment for OCRC. SEMS and
TAT after endoscopic decompression converted emergency
surgery into elective one-stage surgery. Both SEMS and TAT
were effective as a BTS, and associated with reduced
morbidity, mortality, complications, and stoma rate compared
to emergency surgery (29-31). However, Kurumiya et al.
reported that much time is taken to flush the TAT to prevent
clogging, and the success of decompression rate was about
80% (32), which is less than SEMS. In addition, the
nutritional status of patients in TAT got worse because they
waited for surgery without oral intake. Previous studies
showed that insufficient improvement of intestinal condition
and nutritional status could develop leakage (33, 34). Thus,
oral intake before surgery may benefit patients with OCRC.

In the present study, the rate of leakage was not
significantly different between the SEMS and TAT groups;
however, the success of decompression rate was higher and
the nutritional status of patients before primary tumor
resection was better in SEMS than in TAT. In addition,
patients who received TAT were hospitalized until primary
tumor resection, which had an adverse effect on QOL.
Moreover, SEMS insertion makes it possible to perform total
colonoscopy, which is clinically useful both to diagnose
multiple synchronous lesions and to determine the safety
margin for resection. Thus, SEMS might be better than TAT
in various respects.

Sabbagh et al. (17) reported negative outcomes, including
vascular invasion, perineural invasion, and lymph node
invasion, associated with SEMS placement. Tung et al. (20)
and Sloothaak et al. (21) reported that surgery after SEMS
placement for OCRC was associated with a higher risk of
local recurrence and peritoneal metastasis. On the other hand,
Nakano et al. (35) reported that SEMS insertion allowed
patients to undergo surgery under better conditions without
causing adverse effects on lymphovascular invasion, and Sato
et al. (7) reported that the rate of local recurrence and
peritoneal metastasis was not significantly different between
SEMS and TAT. These results are controversial. The European
Society of Gastrointestinal Endoscopy (ESGE) guidelines
reported a success rate of SEMS insertion of about 76.9%
(36). On the other hand, several studies showed that in Japan
the success rate of SEMS insertion was very high (92-100%)
(37, 38). In addition, The ESGE guidelines showed that the
rate of perforation with the use of SEMS ranged from 0 to
12.8% and which was higher than that of TAT (17, 20, 39).
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Figure 1. Comparison of overall survival (OS) after curative colectomy
for patients between the SEMS group and the TAT group. SEMS: Self-
expanding metallic stent, TAT: trans-anal tube. p-Values are from log-
rank test.



Meanwhile, other reports demonstrated that the rate of
perforation with the use of SEMS ranged from 2.1 to 4.5%
(40-42) and the rate of perforation in Japan was similarly low
(23, 43), which was lower than that of TAT. The reported
success and perforation rate of SEMS insertion varied by
report and were different between the Japanese and the ESGE
guidelines. These indicate that the outcomes of placement
procedures, which may influence the long-term prognosis, are
substantially different between the Japanese and ESGE
guidelines, resulting in the above controversial results.

SEMS and TAT are generally considered to have
advantages such as avoidance of ER or stoma construction,
and increase in the primary resection anastomosis rate. TAT
has disadvantages such as the existence of cases of difficult
decompression, the complexity of flushing the TAT to prevent
clogging and the decrease in patient QOL, whereas SEMS has
been reported the potential to worsen long-term prognosis. In
the present study, the long-term outcomes, such as 5-year OS
and RFS rates and lymphovascular invasion were not
significantly different between the SEMS group and the TAT
group, which was consistent with a previous study in Japan

and reinforces the opinion that SEMS is safe. In addition,
SEMS has been shown to improve preoperative nutritional
status and may be an effective treatment for OCRC.

This study has several limitations. First, it was a
retrospective and non-randomized study with a relatively small
sample size from one institution; therefore, the findings have
the selection bias and need to be validated in a larger
prospective cohort of patients from multiple institutions.
Second, this study was not a non-inferiority clinical trial and
equivalence trial. Although long-term outcomes were not
significantly different between the SEMS group and the TAT
group, they were not equal. Third, SEMS was introduced in
2013, whereas most patients in the BTS group received TAT
before 2013. The difference in the observation period may have
led to the difference in the results between SEMS and TAT.

Despite these limitations, the results of this study may
lead to a better understanding of BTS for OCRC. Moreover,
SEMS could be an effective and safe treatment for OCRC.
A randomized controlled, prospective, multi-institutional
study with a big sample size is needed to clarify the
superiority of treatment with SEMS compared to TAT.
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Figure 2. (A) Analysis of preoperative serum albumin level of patients in the SEMS group and the TAT group. (B) Analysis of preoperative change
in serum albumin level in the SEMS group and the TAT group. (C) Analysis of preoperative Japanese modified Glasgow prognostic score (mGPS)
level of patients in the SEMS group and the TAT group. The numbers in the box are mGPS. SEMS: Self-expanding metallic stent, TAT: trans-anal
tube. p-Values are from Mann-Whitney U-test.

Figure 3. (A) Comparison of overall survival (OS) between the SEMS and TAT group after curative colectomy for patients who received an R0
operation and the primary tumor was found in the left-sided colon or rectum. (B) Comparison of recurrence-free survival (RFS) between the SEMS
group and the TAT group after curative colectomy for patients who received an R0 operation and the primary tumor was found in the left-sided
colon or rectum. SEMS: Self-expanding metallic stent, TAT: trans-anal tube. p-Values are from the log-rank test.



Conclusion

Trans-anal decompression, such as SEMS and TAT, may be
preferred in terms of avoiding procedures that cause
excessive stress on OCRC patients such as emergency
surgery and stoma construction. The 5-year OS rates after
surgery were not significantly different between the SEMS
and TAT groups, and nutritional status and patient’s QOL

were higher in patients that received SEMS. Thus, SEMS is
very effective in the treatment of OCRC and may be a first-
line treatment for OCRC.
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Table II. Analysis of clinicopathological factors in the SEMS group and the TAT group for patients who received a curative resection (R0 resection)
and the primary tumor was found in the left-side.

Variables n=24                                                     Group p-Valued

                               SEMS (n=14) TAT (n=10)

Age, years                                                Median (range) 71 (50-90)                                  
                                                                 <65 7 (29.2%)                          4 (28.6%) 3 (30.0%) 0.9395
                                                                 ≥65 17 (70.8%)                        10 (71.4%) 7 (70.0%)
Gender                                                     Male 15 (62.5%)                         7 (50.0%) 8 (80.0%) 0.1262
                                                                 Female 9 (37.5%)                          7 (50.0%) 2 (20.0%)
CEAa (ng/ml)                                          <5 13 (54.2%)                         7 (50.0%) 6 (60.0%) 0.6272
                                                                 ≥5 11 (45.8%)                         7 (50.0%) 4 (40.0%)
CA19-9a (U/ml)                                       <37 22 (91.7%)                        13 (92.9%) 9 (90.0%) 0.8041
                                                                 ≥37 2 (8.3%)                            1 (7.1%) 1 (10.0%)
Success of decompressionb                     Yes 24 (80.0%)                       14 (100.0%) 10 (62.5%) 0.0029*
                                                                 No 6 (20.0%)                           0 (0.0%) 6 (37.5%)
Oral intake                                               Yes 9 (37.5%)                          9 (64.3%) 0 (0.0%) 0.0002*
                                                                 No 15 (62.5%)                         5 (35.7%) 10 (100.0%)
Change in the serum albumin                 Median (range) –0.25 (–1.4-+0.7)             –0.05 (–1.0-+0.7) –0.8 (–1.4-–0.1) 0.0049*
Location                                                   Left sided colon 15 (62.5%)                        12 (85.7%) 3 (30.0%) 0.0045*
                                                                 Rectum 9 (37.5%)                          2 (14.3%) 7 (70.0%)
Tumor size, mm                                      Median (range) 57.5 (20-100)                    59.5 (20-100) 55 (30-80) 0.5760
Vascular invasionc                                   Absence 11 (45.8%)                         8 (57.1%) 3 (30.0%) 0.1839
                                                                 Presence 13 (54.2%)                         6 (42.9%) 7 (70.0%)
Lymphatic invasionc                               Absence 13 (54.2%)                         7 (50.0%) 6 (60.0%) 0.6272
                                                                 Presence 11 (45.8%)                         7 (50.0%) 4 (40.0%)
pT Stagec                                                 2≥ 1 (4.2%)                            1 (7.1%) 0 (0.0%) 0.2923
                                                                 3≤ 23 (95.8%)                        13 (92.9%) 10 (100.0%)
pN Stagec                                                 0 15 (62.5%)                         9 (64.3%) 6 (60.0%) 0.8309
                                                                 1≤ 9 (37.5%)                          5 (35.7%) 4 (40.0%)
pStagec                                                     II/III 20 (83.3%)                        11 (78.6%) 9 (90.0%) 0.4475
                                                                 IV 4 (16.7%)                          3 (21.4%) 1 (10.0%)
Open or Lap                                            Open 5 (20.8%)                          2 (14.3%) 3 (30.0%) 0.3529
                                                                 Lap 19 (79.2%)                        12 (85.7%) 7 (70.0%)
Bleeding, g                                              Median (range) 0 (0-2835)                          0 (0-344) 60 (0-2835) 0.1509
Operation time, min                                Median (range) 269 (173-634)                  246.5 (173-351) 284 (179-634) 0.2782
Permanent stoma creation                       No 20 (83.3%)                       14 (100.0%) 6 (60.0%) 0.0043*
                                                                 Yes 4 (16.7%)                           0 (0.0%) 4 (40.0%)
SSI                                                            No 22 (91.7%)                       14 (100.0%) 8 (80.0%) 0.0525
                                                                 Yes 2 (8.3%)                            0 (0.0%) 2 (20.0%)
Leakage                                                    No 24 (100.0%)                      14 (100.0%) 10 (100.0%) NA
                                                                 Yes 0 (0.0%)                            0 (0.0%) 0 (0.0%)
Postoperative hospital stay, days            Median (range) 12 (8-28)                           11 (8-23) 14 (8-25) 0.2635

CEA: Carcinoembryonic antigen; CA19-9: cancer antigen (CA) 19-9; Open: open surgery; Lap: laparoscopic surgery; SSI: surgical site infection;
SEMS: self-expanding metallic stent; TAT: trans-anal tube; NA: not applicable. aTumor markers were measured before primary tumor resection,
bPatients who received SEMS (n=14) or TAT (n=16) insertion, including successes and failures, cAccording to the 8th edition of UICC/TNM staging
system, dp-values are from chi-squared test or Mann-Whitney U-test.
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